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ABSTRACT

Purpose: In this paper we present a case study of applying quick and easy experimental design approach
to develop a Halogen free flame retardant material for cellular phone charger cable.

Methods: We employ sequential experimentation of mixture design, verification design, and factorial design.
A quick and easy approach is adopted based on data investigation and graphical method instead of strict
statistical analysis, which helped enhancing smooth communication with the engineers and speeding up the
development process.

Results: Flame retardant material in pellet type produced from the optimal condition is transported to the
customer and tested, to pass the customer retardancy criteria.

Conclusion: The quick and easy experimental design approach is considered to be useful in this case study.
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Table 1. Mixture Design Matrix and Burning Time for the First Experiment

Burning Time (sec)
Flame retardant content (wt%)
Sample (Cable thickness : 2.2~2.4mm) Mean
Run Q 1 2 3 4 5
Control 1 21 24 27 29 45 29
1 5 6071 6071 - - - 601
2 3 0.3 2.7 6071 6071 - - - 601
3 1 0.3 4.7 24 19 52 29 23 29
4 4 0.075 1.925 47 601 - - - 601
5 5 0.3 0.7 601 601 - - - 601
6 3 0.15 2.85 32 40 28 - - 33
7 4 0.225 1.775 601 601 - - - 601
8 3 0 3 26 21 19 41 22 26
9 1 0 5 24 26 27 18 26 24
10 1 0.15 4.85 24 26 25 56 - 33
11 5 0.15 0.85 40 32 60 - - 44
12 2 0.225 3.775 32 24 41 20 - 29
13 2 0.075 3.925 38 22 31 - - 30
5 4
3 i
S
0
Figure 2. Design Space for the Second Experiment
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Table 2. Verification Test Results for the Second Experiment

First Verification Test Second Verification Test Third Verification Test
Content (wt%) - -
Medium Thickness: 2.2~2.4mm

Q R S 1 2 3 Mean 1 2 3 Mean | Thin Med. Thick
1 0 0 18 21 16 18 17 17 20 18 12 21 28
3 0 3 27 33 35 32 25 28 26 26
1 0 5 30 24 28 27 25 26 26 26
1 0 3 18 23 21 21 18 23 19 20 16 22 24

(Cable thickness in the third test = Thin: 2.0~2.2mm, Med.: 2.2~2.4mm, Thick: 2.4~2.6mm)

35 ‘
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25

20
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Figure 3. Box Plot of the Second Experiment
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Table 3. Two—Factor Three—Level Design Matrix and Data

Content (wt%) Burning time
Q R S Thickness Sample 1 Sample 2 Sample 3 Mean Range
2.0~2.2mm 60 30 50 47 30
0.5 0 0
2.2~2.4mm 38 55 50 48 17
05 0 L5 2.0~2.2mm 52 35 60 49 25
2.2~2.4mm 30 25 25 27 5
2.0~2.2mm 36 35 47 39 12
0.5 0 3
2.2~2.4mm 30 27 25 27 5
2.0~2.2mm 31 22 21 25 10
L 0 0 2.2~2.4mm 33 16 19 23 17
1 0 L5 2.0~2.2mm 21 15 31 22 16
2.2~2.4mm 21 22 21 21 1
1 0 5 2.0~2.2mm 15 50 22 29 35
2.2~2.4mm 49 33 12 31 37
15 0 0 2.0~2.2mm 38 27 34 33 11
2.2~2.4mm 50 37 60 49 23
L5 0 L5 2.0~2.2mm 18 13 15 15 5
2.2~2.4mm 18 18 16 17
L5 0 5 2.0~2.2mm 22 17 20 20 5
2.2~2.4mm 39 27 19 28 20
Main Effects Plot for BT Interaction Plot for BT

Fitted Means Fitted Means
Qs

Mean of BT

Mean of BT
[
E A
\\

05 10 15
05 10 15 00 15 30 Q

Figure 4. Main Interaction Effect Graphs for the Third Experiment
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Table 4. Customer Test Result

Test Number
Sample Number
T1 T2 T3 T4 T5 Avg.
S1 43.4 4.4 2.1 1.9 2.0 10.76
S2 39.4 10.6 4.5 2.6 2.4 11.90
S3 28.8 9.1 2.2 1.7 1.1 8.58
S4 31.4 12.7 1.1 2.4 1.5 9.82
SH 34.5 7.1 4.6 1.3 0.5 9.60
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