


v'ABS

Acrylonitrile Butadiene Styrene
copolymer

g-ABS + SAN

electronics housing (flame retardance)
appliances (processibility)
automobiles (heat resistance)



v'Heat Resistance

standard | Mode of |Heating| Load | specimen

loading
HDT | ASTM 3point | 2°C/min | 18.6 1/4” flexural
D648 bending kgf/cm? bar

VST ASTM | Point force| 50°C/hr 1kg Thickness
D1525 >0.12in

ASTM: American Society for Testing and Materials
Cautions. Different mode of loading and heating
|njection molding condition



v'Heat Resistant ABS

ABS: HDT 85—90°C
ABS: HDT 90—~100°C
ABS: HDT 100—110°C

SAN



H1

A grade HDT 102°C

B grade HDT
catalogue B grade HDT 107°C
B grade maker spec-in

catalogue A grade HDT
?
A grade B grade

maker B grade grade
grade trial ?



the art of ignorance
#1
H2



v Experiments

Demon of experiments

How to analyse/understand the
experimental results?

How to get meaningful/useful
Information?

needs scientific mind/approach
needs statistical concept: DOE



v'Design of Experiments (DOE)
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v (Orthogonal Arrays)

2

L4(29), Lg(27), L16(2%), L3p(2%4)
3

Lo(3%), Ly7(34)

L,5(21x37)



v Effect of Injection Molding
Conditions on HDT

t0O0 many parameters

mold temperature, melt temperature,
Injection pressure, hold pressure,
Injection rate, injection time, cooling
time etc.



vLg(21x37) - test #1

FACTORS LEVELS COLUMN

1 > 3 NO.INL18
A. mold temperature (°C) 40 | 80 1
B. melt temperature (°C) 230 | 250 | 270 2
C. injection pressure (%) 65| /5 | 85 3
D. hold pressure (%) 40 | 50 | 60 4
E. injection rate (%) 65| /5 | 5 6




v Orthogonal array
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v ANOVA

FACTORS SUM OF | DEGREE MEAN FO
SQUARES OF SQUARE | VALUE
FREEDOM
A. mold temperature 40.8 1 40.8 10.6*
B. melt temperature 7.8 2 3.9 1.0
C. injection pressure 7.2 2 3.6 0.9
D. hold pressure 21.0 2 10.5 2.7
E. injection rate 0.2 2 0.1 0.1
e. error 30.8 38 3.9
Sum 107.8 17




Factors Levels Average HDT

102.5
105.5

A. mold temperature

103.4
103.8
104.9

B. melt temperature

105.2
101.0
102.8

D. hold pressure

WINEFRPWDNEPDNPE

Optimum condition for maximum HDT: A2D1B3
Predicted HDT at optimum condition: 107.6° C




vL5(21X37) - test #2

Factors L evels Column

1| 2| 3| Noin

18
A. Injection rate (%) 35| 80 1
B. mold temperature (°C) | 40 | 60 | 80 2
C. melt temperature (°C) |240|250|260 3
D. hold pressure (%) 30 | 45 | 60 4
E. injection time (sec) 8 | 12|18 5
F. cooling time (sec) 15| 25| 35 7
G. injection pressure (%) | 85 | 75 | 65 8




v ANOVA

Factors Sumof | Degree | Mean Fo
Squares of Square | value
freedom
A. injection rate 11.0 1 11.0 2.0
B. mold temperature 118.0 2 59.4 10.8*
C. melt temperature 30.4 2 15.2 2.8
D. hold pressure 15.5 2 7.8 1.4
E. injection time 7.5 2 3.8 0.7
F. cooling time 30.9 2 15.5 2.8
G. injection pressure 7.8 2 3.9 0.7
e. error 22.1 4 2.0
Sum 244.0 172




v'Ly(3%) - test #3

Levels Column

1 2 | 3 |noinL9
A. moldtemp (°C) | 40 | 60 | 80 1
B. melt temp (°C) | 230|250 | 270 2
C. hold press (%) 40 | 50 | 60 4




v Orthogonal array

Run Factorsand Levels HDT
Number A B e C

1 1 1 1 1 98.5
2 1 2 2 2 101.9
3 1 3 3 3 98.9
4 2 1 2 3 102.6
5 2 2 3 1 104.9
6 2 3 1 2 104.1
7 3 1 3 2 107.9
8 3 2 1 3 104.8
9 3 3 2 1 108.3




v ANOVA

Factors Sumof | Degree | Mean Fo
Squares of Square | values
Freedom
A. mold temp /8.9 2 39.5 23.3*
D. hold press 10.2 2 5.1 3.0
e. error 6.8 4 1.7
Sum 95.9 8




v’ Summary of results

Test #1 Test #2 Test #3
Optimum A2D1 B3F1 A3C2
condition
Dominating mold «— «—
factor temperature

Predicted 107.6 °C 107.6 °C 108.1°C
maximum

M ax 90.2°C 12.7 °C 9.8°C
difference (VST 2.1°C)




v'Summary

DOE

minimize the confusion about heat
resistance

ASTM

suitability of HDT as a testing method
report the specimen preparation condition

Optimum condition?
What about other properties ?



v'Conclusions

the art of ignorance
#1

H2

(vision),



