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ABSTRACT

A study on hot plate welding system

of balance for washing machine

Kim Tae Ho
Advisor : Prof. Jeong, Sang—-Hwa, Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

When washing machine is rotated in the laundry, it tends to lean toward
one side. This tendency causes a serious vibration. The balance of washing
machine plays an important role in order to reduce the vibration by
injecting the sand or the salt water into the balance of washing machine.
The hot plate welder is used to prevent from outflow of contents. The
thermal characteristics of the hot plate and the balance have to be
considered for reducing defects of plastic welding. The hot plate welder
brings about many problems which is concerned with accident. The workers
are protected by loading/unloading system for balance of washing machine
in hot plate welder. The direction recognition and location information in the
balance is required in this system.

In this thesis, hot plate welding system of balance for the washing
machine is studied. The major researches are as follows.

Thermal analysis in the hot plate welder for balance of the washing

= VII -



machine is studied. The heat source in hot plate welder plays a really
important role for welding of washing machine balance. The temperature
distributions of the hot plate and the balance of washing machine are
obtained by finite element analysis. The temperatures of the hot plate are
measured by the infrared temperature sensor in order to find the thermal
contact resistance. The thermal strain of the plastic balance is predicted by
thermal-structural coupled analysis.

The hot plate welding process is simulated by using ADAMS software.
The process scheduling and the working space of hot plate system are
predicted through the results of the simulation.

The machine vision system is applied to the recognition direction of
balance in washing machine. The template is sub—-image which expresses
the geometric characteristics of balance for the washing machine. The
template matching algorithm compares sub-image with original image
acquired in real-time to obtain a center point of balance image. The mid
points and the edges of balance are estimated by the edge detection and
gauging algorithms. The data acquired by these results is used for
recognition direction of balance. The automation software for image

processing is developed using LabVIEW.
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for washing machine
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Fig. 2-3 Error generated in unloading process of balance

(a) Expansion of balance



Temperature sensor Upper plate Center plate

Heat source Lower plate

(a) Front view

Measurement point

(b) Isometric view

Fig. 2-4 Modeling of hot plate
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Top balance

Bottom balance

(a) Isometric view

Top balance

A

Bottom balance
(b) Front view

Fig. 2-5 Modeling of balance used in washing machine
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AYEARE Talo] A Hgol Hgar] 9a A8 TANAe) Lx W E
2459 AR 3207340T ) AL AFEST AoH L% ANE Aol 28

=
¥} grek= Ak E dute] L2 =439t Fig. 2-4(h)¢ =4 4 (measurement point)
q

420 84 e 24P ANE Table 2-19 At Aue Lxv
oF 270C, $3C] LEE 0T/ FHHAUG durtole] AYZAE 7S o) 53
7] A fraanal g ol ekel 4% e A S FASAT. Table 2-25 B
3 gzel fRasdde A% 9 24 YAt A0 BAAE AR E
6061, §HEe FelZea A AgSA B4 FE dalae] AAzAL U] L=
220, 49 He SRS 30T, IRAADAFE AAYF 10W/m? Tow 87
a}9lt}, CFX-w4 & A} ; b 2ES S, a3y

Table 2-1 Measurement temperature

Measurement

. A B C D
Point

(a) U lat
a) Upper plate 279°C 272°C 271°C 270°C
temperature

(b) Lower plate . . . .
271C 270TC 270TC 269T

temperature

(c) Balance .
110+£5C
temperature
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Table 2-2 Input conditions for thermal analysis in hot plate and balance

Mesh method CFX-mesh
Balance 198830
Nodes
Mesh Hot plate 84181
Balance 95695
Elements
Hot plate 45633
Density 2700kg/m?
Aluminium . -
6061 Thermal conductivity 180W/m- C
Specific Heat 896]/kg- C
Density 900kg/m?*
Polypropylene Thermal conductivity 1.39W/m- C
Specific Heat 19259]/kg- C
Ambient Temperature 22C
Steady-state o
Temperature 340C
thermal
Convection 10W/m?C
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(a) Temperature distribution of hot plate and balance
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(b) Region over 134T

Fig. 2-8 Temperature distribution in case of considering thermal contact resistance
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Table 2-3 Temperature distribution according to thermal conductance

between hot plates

Thermal conductance
(W/m?C)

Upper plate temp.

(T)

Lower plate temp.

(T)

1000

330.147327.61

330.247327.74

300

300.937309.84

312.997310.35

200

271.417298.41

301.857299.17

100

207.877269.06

272.977270.38

95

268.667266.33

270.277267.70

91

266.297263.98

267.957265.38

Table 2-4 Temperature distribution according to thermal conductance

between hot plate and balance

Thermal conductance

Top balance

Bottom balance

(W/m*TC) (C) (C)
230 245.44744.21 209.24722.46
210 244.29743.51 206.87722.42
190 242.84742.69 253.91722.40
170 240.99714.76 250.20722.38
150 238.58740.71 245.46722.36
100 228.09737.28 230.62722.30
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0011588
! 0002781
L 0,0089675

— 0:004657
I 0.0025464
3.5878e-5Min

0,000 0,200 ()
e —
0,100

Fig. 2-9 Thermal strain in hot plate welding process

Table 2-5 Thermal strain expected in each part by thermal analysis

Parts Thermal strain(mm/mm)
Top balance 2.08e-00271.89e-003
Bottom balance 2.08e-00273.59e-005
Hot plate 2.08e-00375.91e-003
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Gather the data of machine-tool
- from draft drawing & specifcation sheet
Draft modeling of the system

\/
\/

Create each parts
Constrain the parts
Define force and motion acting on the model

Measure characteristics
Perform simulations
Review animations

Compare
measured data
. Import test data ‘
Validate Superimpose test data on plots

Add friction
Implement force functions
Define controls

Correct the model
Iterate Add parameters

Define design variables

Perform design sensitivity studies
Optimize Perform design of experimnent
Perform optimization studies

Fig. 3-2 Flow chart of design process
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[ Jig part L J Hot plate part]

Hot plate system

[ Operating partr T Control part ]

Fig. 3-3 Structure of hot plate welder

Control bolt

Sensor :

Upper jig
{Top balance

Pressure

Guide rail

Hot plate

Salt water
injector

Bottom balance i 3
Lower jig -

i

Fig. 3-4 Components of hot plate welder
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Fig. 3-5 Draft drawing of hot plate welder
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I

ESN———a

Bottom

Fig. 3-8 Hot plate welder Fig. 3-9 Modeling of hot plate welder

Table 3-1 Specification of robot arm and hot plate welder

Name Length | Radius | Height | Width | Depth

1 | Axis 1 | 300mm | 180mm
2 | Axis 2 | 240mm 200mm 240mm
3 | Axis 3 | 900mm 150mm | 200mm
Robot arm 4 | Axis 4 | 800mm 130mm | 180mm
5 | Axis 5 | 100mm 100mm | 100mm

6 | Gripper | 140mm

7 |Balance | 140mm | 270mm

Top 1100mm 300mm 1600mm
Hot plate welder

Bottom 1100mm 1020mm 1600mm
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Fig. 3-10 Modeling of hot plate welder in ADAMS
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(a) Loading a balance

(b) Salt water injection
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(¢) Put in hot plate

(d) Press
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(e) Welding

(f) Molding balance

Fig. 3-11 Hot plate welding process by ADAMS
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(a) Position in X direction of salt water injector
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(b) Position in Y direction of upper jig
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(g) Position in Z direction of hot plate

Fig. 3-12 Dynamic states of hot plate welder system
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Image A/D N Image
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'

Object

Fig. 4-1 Machine vision system

Table 4-1 Specification of machine vision system

CCD sensor SONY XC-ST50

Camera L-SV-0813
Lens
H/W . Focal length 25mm

Vision board NI PCI-1410

PC Intel core(TM)2 Quad 2.50GHz, 3.25GB RAM

S/W NI LabVIEW 8.6
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Fig. 4-2 Flow chart of machine vision system
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4. Caliper Tool

7}. Edge Detection
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Fig. 4-7 Edge detection of object
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Fig. 4-9 Gauging of object
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(a) Front of view

Center point

(b) Template matching

Fig. 4-10 Image acquired in balance
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Fig. 4-11 Mid points in balance

Mid point 1
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Mid point 2 Mid point 3

Fig. 4-12 Misaligned angle
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Table 4-2 Information acquired through image

Position Rotating direction
No. Angle( )
x(pixel) y(pixel) of gripper
1 249.50 341.50 251.65 right
2 340.83 340.42 243.40 right
3 392.01 340.33 205.80 right
4 398.89 339.95 199.57 right
5 456.00 339.45 141.98 left
6 480.12 339.40 128.07 left
7 521.23 338.55 114.70 left
3 562.32 337.59 107.67 left
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Fig. 4-13 Alignment program of balance using machine vision
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Fig. 4-14 Process for recognition direction of object by machine vision
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Table 4-3 Specification of machine vision apparatus

H/W

Camera

CCD sensor SONY XC-ST50
L-SV-0813

Lens
: Focal length 8mm

Vision board NI PCI-1410

PC Intel core(TM)2 Quad 2.50GHz, 3.256GB RAM
NXT MINDSTORMS

Motor _
Interactive Servo Motors

Motor NXT :

controller 32-bit processor, LCD display

Reduction
1:175

gear ratio

&60mm

Fig. 4-15 Structure of object
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Fig. 4-16 Photograph of experimental apparatus
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Fig. 4-17 Control of servo motor using machine vision data
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Fig. 4-18 Velocity of motor according to motor power
Table 4-4 Calibration chart
Servo motor
20 25 35 45 55 65 )
power
Time 44 33 22 16 13 11 9
Velocity
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Fig. 4-19 Machine vision program for experiment
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Fig. 4-20 Flow chart of experimental apparatus
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