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Statistical inferences in material selection of a polymer
matrix for natural fiber composites
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Abstract: In this paper, statistical inferences in material selection of polymer matrix for natural fiber
composite are presented. Hypothesis testing and confidence interval were used to evaluate the suita-
bility of the sample for use as a matrix in natural fiber reinforced composites. The screening process for
material selection was carried out using a stepwise regression method. Then, the ranking process in ma-
terial selection was conducted using an estimation of performance score (PS) for mechanical properties
such as impact strength (IS), elongation at break (E) and tensile strength (TS). Ten types of polymer
were involved in the study. The final selection revealed that polyamide (PA6), polyurethanes (PUR) and
polypropylene (PP) are the potential candidates to manufacture hand-brake levers according to IS, E and
TS, respectively. Here, it was found that the score for Tp (thermoplastic) is better than Ts (thermoset) in
terms of IS. In contrast, the Ts offered a better score result than, Tp, with respect to E and TS. The results
of statistical measurements using statistical modelling prove that the data analysis can be used as a part
of the decision making in material selection.

Keywords: material selection, polymer matrix, stepwise regression, hypothesis testing, confidence interval.

Whnioskowanie statystyczne w wyborze materialu osnowy polimerowej
kompozytow z widknami naturalnymi

Streszczenie: Opisano wnioskowanie statystyczne dotyczace wyboru materiatu osnowy polimerowej
kompozytu z widknami naturalnymi. Testy hipotez statystycznych i przyjete przedziaty ufnosci stuzy-
1y do oceny probki pod wzgledem przydatnosci do zastosowania w charakterze osnowy polimerowej
w kompozycie wzmocnionym wtéknem naturalnym. Selekcji materiatéw dokonano przy uzyciu meto-
dy regresji krokowej, nastepnie uszeregowano wybrane materialty z wykorzystaniem rankingu oceny
(PS) wlasciwosci mechanicznych, takich jak: udarnosé¢ (IS), wydtuzenie przy zerwaniu (E) i wytrzy-
malos¢ na rozcigganie (TS). Wyselekcjonowano wstepnie 10 rodzajow polimeréw zaliczanych do grup
polimerdw termoplastycznych (Tp) i termoutwardzalnych (Ts). Wnioskowanie statystyczne wykazato,
ze poliamid (PA6), poliuretany (PUR) i polipropylen (PP) sa potencjalnie korzystnymi osnowami poli-
merowymi do wytwarzania dzwigni hamulca recznego. Stwierdzono, ze polimery z grupy Tp wyka-
zuja lepsza udarno$¢ niz polimery z grupy Ts. Natomiast materiaty Ts charakteryzuja korzystniejsze
wartosci wydluzenia przy zerwaniu i wytrzymalosci na rozcigganie niz ich odpowiedniki z grupy Tp.
Wyniki przeprowadzonej analizy danych z zastosowaniem modelowania statystycznego dowodza, ze
metoda ta moze by¢ pomocna przy wyborze materiatu odpowiedniego do planowanej aplikacji.

Stowa kluczowe: wybdr materialu, osnowa polimerowa, regresja krokowa, testowanie hipotez, prze-
dziat ufnosci.
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Recent studies discuss the ability of polymer compo-
site to replace metal-based material, especially in the
automotive and construction industries. Many research-
ers have put forward the capabilities, suitability and af-
fordability of natural fibers as reinforcement agents for
the polymer matrices. Natural fiber reinforced polymer
composites had a good performance score with regard
to their physical, mechanical and environmental pro-
perties when used in manufacturing automotive compo-
nents such as clutch pedal, car front hood, buggy bonnet,
bumper beam, car roof, brake lever and anti-roll bar [1-7].
As the materials are from natural sources, they can of-
fer an economical outflow, lightweight, environmentally
friendly materials and a biodegradable effect [5, 8-13].
However, the poor dimensional stability and high mois-
ture absorption become a problem to these materials [14].
There are many treatments that can increase the strength
connection between the natural fiber and polymer ma-
trix [15-19] to produce a valuable polymer composite, es-
pecially in the automotive industry. Generally, thermo-
plastic (Tp) and thermoset (Ts) materials are the polymers
used in many applications. Recently, there is a research
trend in the automotive industry to produce lightweight
vehicles to save energy consumption [20, 21]. Many stud-
ies have reported a good connection between natural fiber
and polymer matrix based on the chemical composition as
a better composite in automotive applications [22-24]. In
addition, the combination also provides a balanced score
for mechanical, thermal and electrical properties [25-27].

In general, the engineering plastics industry confirms
the advantages of the product, such as it is lightweight,
transparent, economical to produce, self-lubricates, has
low water absorption and good resistance to corrosion,
and design flexibility [28-30]. However, Tp and Ts have
their own pros and cons. Fast processing, highly recy-
clable, high impact resistance, chemical resistance and
eco-friendly manufacturing are the advantages of Tp.
However, generally, Tp is more expansive and melts if
heated. In contrast, Ts is more resistant to high tempera-
ture, has a highly flexible design, excellent aesthetic ap-
pearance, high level of dimensional stability and is cost
effective. The disadvantages of Ts are that it is unrecycla-
ble, difficult to surface finish, cannot be remolded or re-
shaped, and has a lower production rate due to its lengthy
cure time [31-33]. In reality, there are variable and incon-
sistent conclusions about Tp and Ts in different applica-
tions. It is known that Tp is tougher than Ts because of the
structure of the polymer itself. Chung [34] also claimed
that the manufacturing time of Tp is shorter than that of
Ts. Another study found that the mechanical properties,
such as tensile strength, of Ts are better than those of Tp
[35]. Although a number of investigations have reported
interesting results for Tp and Ts, no study has examined
their performance by using statistical inferences such as
hypothesis testing and confidence interval.

In material selection, numerous multi-criteria decision-
-making (MCDM) tools can be used, such as Analytical

Hierarchy Process, Analytical Network Process, Multi-
attribute Utility Theory, Preference Selection Index,
Technique of Ranking Preferences by Similarity of the
Ideal Solution and Quality Function Deployment. In
practice, these tools have their own strengths and limita-
tions on screening and ranking methods in the process to
select the best material [36, 37]. The major problem in the
conventional MCDM method is inconsistent judgement
and preference subjectivity over the process selection.
For example, there is no standard measurement for the
weighting process in Analytical Hierarchy Process and
Analytical Network Process [36, 38]. Some of the tools
are only able to deal with qualitative data, which is also
an issue in material selection [39]. The final decision is af-
fected by the limitations of these tools. However, a recent
study by Noryani et al. [40] introduced a novel statistical
framework by using stepwise regression on the screen-
ing process. This approach is proven to finalize the best
natural fiber in automotive application [41]. Statistical an-
alyzes such as estimation, error analysis, hypothesis test-
ing and confidence interval are the alternative measure-
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ments in the optimization method to rank the material’s
performance. In this study, the performance score (PS) is
measured by using equation (1), where X, is the mechani-
cal properties of the polymer matrix. This innovative con-
tribution by using statistical inferences in material selec-
tion is shown in Fig. 1. To demonstrate the potential of
this novel approach to screening and ranking methods as
well as its suitability for material selection of the polymer
matrix of an automotive component, the stepwise regres-
sion of polymer matrix data is studied and the significant
statistical model for each polymer matrix is presented.
Hypothesis testing and confidence interval are discussed
as inferential analysis from the sample to estimate the PS
using a constructed statistical model to make the final de-
cision. This approach can give extra information and in-
crease the decision maker’s confidence to select the most
potential candidate to manufacture a hand-brake lever
for car parking, as in the case study:.

PS=X_x, i=12...n 1)

EXPERIMENTAL PART

The improvement using statistical inferential analysis
in a statistical framework on previous studies is shown
in Fig. 2.

Material selection of Tp and Ts

The material selection process is an important stage
in engineering applications, especially in product devel-
opment for long-term success [42]. The engineer should
select the most suitable material that performs well and
can easily be commercialized. To avoid major loss dur-
ing product design testing, the material selection pro-
cess is the critical part of the manufacturing process [37].
Moreover, in this study, secondary data about the poly-
mer matrix of thermoplastic and thermoset plastic from
previous works is utilised, as shown in Table 1.

All the polymer in this study are hydrophobic poly-
mers because this polymer used natural fiber as the rein-
forcement agent to the composite. The composite should
water resistant in automotive application to increase the
strength of the properties. In this case, there are several
processes used to prepare this type of polymer, injection
molding, extrusion, pultrusion and hand lay-up are the
common methods used in research area. This data set is
used to select the most suitable polymer to manufacture
a hand-brake lever, as shown in Fig. 3, for automotive in-
dustry application as the case study.

Statistical measurement
Mean (u) and standard deviation (o) are the nor-

mal statistical measurements used in previous studies
[49-51]. Here, minimum, middle and maximum values
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are used for mechanical properties of the Tp and Ts. The
framework introduced previously by Noryani et al. [40]
is used for the screening process, which involves an-
other statistical measurement such as correlation (r), de-
termination of coefficient (R?), adjusted determination
coefficient (AdjR?) or variance inflation factor (VIF) to
identify the best model of the polymer. Then, a com-
parison between the alternative polymers via an esti-
mation process using statistical modelling is performed.
Okayasu et al. [35] mentioned, estimation using statisti-
cal analysis can give a better result compare to the com-
pound law. T-test statistics are used in hypothesis test-
ing and confidence interval to confirm the successful
inferential analysis to draw a conclusion about the per-
formance of the Tp and Ts.
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Table 1. The properties of thermoplastic and thermosetting [4, 17, 30, 43-46]

Density (D) Young’s Tensile Elongation at Impact Water absorp-

Polymer /crzlﬁ modulus, (YM) strength, (TS) break, (E) strength, (IS) tion, (WA)

& GPa MPa % J/m? 24 hours
0.86 0.95 26.0 15.0 24.40 0.010
0.89 1.36 33.7 43.0 85.05 0.010
PP 0.90 1.40 34.5 58.1 145.70 0.015
091 1.60 36.0 73.2 206.35 0.02
0.92 1.80 414 100.0 267.00 0.02
1.04 3.14 25.0 12.0 1.0 0.03
1.04 3.57 38.1 16.5 11 0.04
PS 1.05 4.00 51.1 21.0 1.0 0.06
1.06 4.50 60.1 23.0 11 0.08
1.06 5.00 69.0 25.0 1.0 0.10
0.94 0.40 14.5 200 26.7 0.01
0.95 0.76 22.0 745 288 0.01
HDPE 0.96 0.95 26.3 1000 548 0.02
0.96 1.00 32.0 1120 808 0.02
0.97 1.50 38.0 1290 1068 0.01
0.91 0.06 7 100 854 0.015
092 0.14 17 375 900 0.010
LDPE 093 0.22 40 650 930 0.015
0.93 0.31 43 675 950 0.010
0.94 0.38 78 700 1000 0.015
112 1.31 31.0 60 942 0.15
115 1.50 38.8 182.5 16.80 0.16
TPU 1.18 1.69 46.5 305 24.21 0.17
121 1.88 54.3 427.5 31.60 0.18
124 2.07 62.0 550 39.00 0.19
1.120 2.80 35 38.8 42.7 1.30
1125 2.85 39 59 72 143
PA6 1130 2.90 43 80 101 1.55
1.135 2.95 61 100 130.5 1.68
1.140 2.90 79 120 160 1.80
1.2 2.0 40 2 15 0.10
1.3 2.5 52.5 2.2 91 0.15
PR 14 3.3 65 24 167 0.20
14 39 77.5 2.5 243 0.25
1.5 4.5 90 2.6 320 0.30
1.20 3.10 69 4.0 0.10
1.25 3.27 72.5 4.7 0.05
VE 1.30 3.45 76 5.5 250 0.10
1.35 3.62 79.5 6.2 0.15
1.40 3.80 83 7.0 0.20
1.10 3.0 35 1.0 0.10
1.20 3.7 51 2.5 0.20
ER 1.25 4.5 67 3.5 n/a 0.25
1.30 5.2 83 47 0.30
1.40 6.0 100 6.0 0.40
1.04 4.09 14 3.0 0.10
1.06 4.15 39 45 0.10
PUR 1.09 4.20 52 6.0 n/a 0.15
1.10 4.25 69 8.0 0.20
113 4.30 75.8 10.0 0.20

PP: polypropylene, PS: polystyrene, HDPE: high-density polyethylene, LDPE: low-density polyethylene, TPU: thermoplastic polyuretha-

ne, PA6: polyamide, PR: polyester resin, VE: vinyl ester resin, ER: epoxy resin, PUR: polyurethanes.

Hypothesis testing and confidence interval

Hypothesis testing is one of the inferential statistics
that can be used to make a conclusion about the popula-
tion based on a sample. In this study, hypothesis testing

is used to verify the performance of Tp and Ts. There
are five command steps in hypothesis testing, which are:
write the null and alternative hypothesis, perform the
statistics testing, find the critical point and decide the re-
gion, finalise the decision making and, lastly, make a con-
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a)

Fig. 3. Example of a hand-brake lever for: a) Suzuki Maruti,
b) Proton Wira [47, 48]

clusion. All the calculations and conclusions in this study
are based on o =0.05 (5% standard error) significant value
and 95% confidence interval. The one-tailed test is used
where the hypothesis condition shows that Tp is better
than Ts. Otherwise, the conclusion is that Ts perform bet-
ter than Tp. Equations (2) to (4) are used to perform the
hypothesis testing and confidence interval.

t = 5
5 @

T —7% - 1 1
H= (pr_sz) +tS =X+t Sy—+— ()

e nTp nTs
2
s _ \/(”Tp ~1)s; +(n,, — 1)8;, o
’ np g =2

where: X, — sample mean of Tp properties, X, —sample
mean of Ts properties, My, — population mean of Tp prop-
erties, u,_— population mean of Ts properties, S, — stan-
dard deviation of Tp, S, - standard deviation of Ts, Sp -
pooled standard deviation for two samples, 7, —number
of samples for Tp, n,, — number of samples for Ts.

RESULTS AND DISCUSSION

Best model of polymer matrix using stepwise
regression

Table 2 shows the best statistical model with significant
mechanical properties with an excellent AdjR’ that de-
scribed the variation of PS. This variation is explained by
the significant mechanical properties. For example, the
third model proposed by stepwise regression for PP men-
tioned that 99.9% of the variation of PS is explained by IS,
E and TS. This new approach was proposed in a previous
study by Noryani et al. [40] to select the natural fiber com-
posite. Another previous study reported significant ten-
sile and flexural properties of a kenaf reinforced polypro-
pylene composite using stepwise regression [52]. In this
paper, the only significant mechanical property for ther-
mosetting PR was WA, while the other mechanical prop-
erties did not contribute to the model for estimation pur-
poses. Each polymer has its own significant mechanical
properties. For estimation purposes, the most significant
mechanical properties equation of the polymer where IS,
E and TS are chosen to be compared in the selection pro-
cess. For example, IS is the significant mechanical prop-
erty for PP, HDPE, LDPE and PA6. Therefore, this model
is used to estimate the PS by substituting the product de-
sign specification of IS in manufacturing the hand-brake
lever. The process is also applied for E and TS for the
alternative polymer. The quality of the material’s inter-
face strength is evaluated by using an estimation process
through the statistical model [53].

Material selection based on performance of
mechanical properties

IS, E and TS are the most significant mechanical proper-
ties in the polymer model. Here, the product design speci-
fication for manufacturing a hand-brake lever of IS, E and
TS is referred [43, 48, 54]. Selection of the materials should
be consistent with the industry declaration on product de-
sign specification [38]. One of the materials used to manu-
facture the hand-brake lever is structural steel S235 [48].
The properties of 5235 for IS, E and TS are 27 J/m?, 25%
and 460 MPa, respectively. Figures 4, 5 and 6 show the PS
score according to IS, E and TS. From the result, the PA6 is
the best material to manufacture the hand-brake lever, if
the focus of the automotive industry for the component is
on IS. Surprisingly, PP, HDPE and LDPE only score around
26 to 27 of PS compared to PA6, which scored 61.61. Based
on Fig. 5, there are six polymers involved in estimation on
PS according to elongation at break of that material. This
score can show the capability of a material to maintain
its shape without crack formation. Both thermoset plas-
tics, which are PUR (31.12) and ER (29.28), score the highest
for PS compared to the other thermoplastic. In Fig. 6, the
thermoplastic materials such as PP (512.48), PS (509.57) and
HDPE (501.48) perform better on PS (according to TS) com-
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Table 2. The best model with significant mechanical properties using stepwise regression

Polymer Model 1\}/){:5;1:31;21 R? AdjR? Stz?lie;rd P-value Equation
1 IS 0.999 0.998 6.625 0.000 y=3796 +1.388 IS
PP 2 IS, E 1.0 0.999 0.701 0.000 y=23.658+0.905 IS + 1.465 E
3 IS, E, TS 1.0 0.999 0.034 0.000 y=-0.8798 + 1.009 IS + 0.965 E + 1.116 TS
1 TS 1.0 0.999 0.512 0.000 y=9.04+01.342 TS
e 2 TS, E 1.0 0.999 0.074 0.000 y=4945+1.097 TS+ 0.822 E
1 TS 0.992 0.984 120.691 0.001 Y =-987.805 +91.679 TS
HDPE 2 TS, E 0.999 0.999 39.516 0.001 y=-695.109 + 51.609 TS + 0.886 E
3 TS, E, IS 1.0 0.999 0.175 0.000 y=0.072+1.09 TS+ E+0.999 IS
1 E 0.994 0.988 42.023 0.001 y=2823.594+1.283 E
LDPE 2 E IS 1.0 0.999 7182 0.000 y=-515.742+ 0973 E + 1.612 IS
3 E IS TS 1.0 0.999 0.040 0.000 y=-0973+E+1.0021S+TS
TPU 1 WA 1.0 0.999 0.007 0.000 y =-1965.146 + 13787.6 W
1 IS 0.998 0.997 6.307 0.000 y=27.683+2.075IS
rhe 2 IS, TS 1.0 0.999 0.302 0.000 y=15114+1722 1S+ 094 TS
PR 1 WA 1.0 0.999 0.086 0.000 y=1849 +2682 W
VE 1 YM 1.0 0.999 0.040 0.000 y=-2411+25742 YM
1 TS 1.0 0.999 0.140 0.000 y=0.767+113 TS
ER 2 TS, E 1.0 0.999 0.042 0.000 y=2.402+1.049 TS + 1.075 E
1 TS 1.0 0.999 0.840 0.000 y=5981+1115TS
PR 2 TS, E 1.0 0.999 0.023 0.000 y=5.069 +1.002 TS + 1.042 E

pared to the thermoset plastics. It is also noted that PA6
(447.51) scores the lowest PS on this mechanical property.
This is similar to results found by Al-Ogla and Sapuan
[10], where PP offered a better result for use in natural fi-
ber reinforced composite under uncertain environments.
In contrast, Mansor et al. [4] suggested that PP is the second
candidate to be used for a hand-brake lever when using the
analytic hierarchy process. The variation on the estimation
of PS is represented by the error bar plotted in Fig. 4, Fig. 5
and Fig. 6. It indicates the uncertainty in the measured ap-
proximation values. In a recent study, the error bar was an
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Fig. 4. The estimation of PS for the alternatives with regard to
impact strength (IS)

informative tool to show the goodness of fit or dispersion
of the data set [55, 56]. In detail, statistical testing such as
hypothesis testing, confidence interval and t-test should
be performed to draw the final conclusion.

Statistical inference on mechanical properties of Tp
and Ts

In this section, hypothesis testing is used as additional
information to support the final decision making based
on the earlier section where hypothesis testing can con-
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Fig. 5. The estimation of PS for the alternatives with regard to
elongation at break (E)
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Fig. 6. The estimation of PS for the alternatives with regard to
tensile strength (TS)

firm the validity of prediction by using an appropriate
sample to draw a conclusion in this study. Moreover,
confidence interval states the accepted range with 95%
confident level on mechanical properties involved in this
study. The hypothesis testing and confidence interval
are performed for three selected mechanical properties,
impact strength (IS), elongation at break (E) and tensile
strength (TS). Table 3 shows the mean (¥), sample stan-
dard deviation (s) and number of samples () for thermo-
plastic and thermoset plastic.

Hypothesis testing

Based on the result shown in Table 4, it can be con-
cluded that Tp offers better IS value than Ts, due to in-
sufficient evidence to reject H . Total energy absorbed by
the material before it cracks or fails indicated the mean-
ing of IS [57]. As the result, Tp has a higher IS compared
to Ts. In this case, Tp has better ability to absorb the en-
ergy during the material’s failure. This finding is con-

Table 3. Statistical measurement of polymer for IS, E and TS

Polymer Statistical IS E TS
measurement
Xy, 291.121 | 305.486 | 40.736
Thermoplastic, s 378193 | 367019 | 17.589
Tp Tp

n 29 29 29
X, 167.2 4415 64.54
The“Tnoset' S, 120483 | 2299 | 21167

S
n 20 5 20

sistent with the finding in previous section: IS obtained
insignificant mechanical properties in statistical model-
ling for Ts candidates. There are no Ts candidates plotted
in Fig. 5, although the hypothesis testing for E concluded
that the E of Ts is better than that of Tp. Based on calcu-
lated t-test (1.811), the value fall in the critical region and
over the critical point (1.697), as confirmed by tabulated
t-test with standard error (a=0.05) and degree of freedom
(df=n,, +n, —2). At this stage, the evidence to reject H
for E hypothesis testing is sufficient. Similarly, the TS for
Ts is better than that for Tp. In other words, Ts is tough-
er and stronger than Tp. This is due to the natural be-
havior of this polymer, which has a strongly crosslinked
molecular structure compared to the linear structure of
Tp [34, 58]. Moreover, this polymer has not melted, and
so the shape of items made from it would not change if
heated. Similar to Okayasu et al.[35], the tensile strength
of epoxy was found to be twice as good as the other ther-
moplastics such as PA6 and poly(phenylene sulphide)
(PPS) for carbon fiber reinforced polymer. Sivakumar
et al. [45] found that the tensile strength and modulus of
Ts-based material is higher than Tp-based material for
a hybrid composite. In general, the mean score of TS for
Ts is higher compared to that of Tp, 64.54 and 40.74, as
shown in Table 4.

Table 4. Hypothesis testing between thermoplastic and thermoset plastic according to mechanical properties

MECham.Cal Impact strength Elongation at break Tensile strength
properties
. Hy:p >,
1. Hypothesis 0" MTp~ Fs
yp Hl : "'lTp< HTS
(291121 -167.2)—0 _ (305.486 — 4.415) - 0 ~ (40.736 —64.54)— 0
2. Test statistics 87.7272 166.252 5.557
t=1413 t=1.811 t=-4.284
Critical point: Critical point Critical point:
b afmo o2 = toos,a7 = 168 o doiTp 4 aTs—2) = Lo0s, 3 =1.697 b aftato o2 = 005,47 =1.684
3. Critical region
1.684 1.697 1.684
Reject H, if t-statistic fall in the region
4. Decision making
Do not reject H,, Reject H, Reject H,
5. Conclusion IS of Tp is better than Ts E of Ts is better than Tp TS of Ts is better than Tp
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Confidence interval

Generally, confidence interval gives a range value of
IS, E and TS from the data collected for Tp and Ts. Here,
there is a 95% confidence interval that the value of IS,
E and TS of Tp and Ts is between (-23.81, 271.65), (18.94,
583.20) and (14.45, 33.16), respectively. By using Eq. (3) and
information from Table 3, detailed calculation is shown
in Table 5.

Table 5. Confidence interval of mechanical properties for

polymer
Mechan{cal 95% confidence interval
properties
= (291.121 — 167.2) + 1.684(301.79) “’i+i =
Is His ' B N9 20
= 123.921 +147.732 = (—23.811,271‘653)
_—
= (305.486 — 4.415) + 1.697(343.316) }l+l =
E He ' ST R PYHE
= 301.071 = 282.129 = (18.941,583.200)
Wy, = (64.54 —40.736) + 1.684(19.117) e"i+i =
TS 129" 20
= 23.804 + 9.358 = (14.446,33.162)

Overall, 95% of the general impact strength of the poly-
mer is distributed between -23.811 J/m? and 271.653 J/m?.
In this case, zero impact to 271.653 J/m? are the range of
the impact strength of polymer are distributed. For elon-
gation at break, the distribution is between 18.941% and
583.200% and, lastly, with the same confidence interval,
which is 95% of the tensile strength, the distribution is
between 14.446 MPa and 33.162 MPa.

CONCLUSIONS

The evaluation of mechanical properties for 10 types of
polymer in material selection by using statistical model-
ling was successfully achieved in this work. Additional
information from statistical measurement such as esti-
mation, hypothesis testing and confidence interval in
this study was used to demonstrate the material’s per-
formance effectively for each candidate throughout the
polymer selection process. It can be concluded here that
proper selection of polymers is dependent on mechani-
cal properties that influence the statistical modelling for
estimation, hypothesis testing and confidence interval.
This work can act as a guideline for the selection of the
most suitable polymer candidate for an engineering ap-
plication. The results showed that:

— hypothesis testing and confidence interval results
achieved a good agreement with the theory of thermoset
and thermoplastic materials and this led to the final deci-
sion making on material selection;

— impact strength, elongation at break and tensile
strength of the polymer were the three most important
mechanical properties shown by the statistical modelling;

— the most suitable candidates to manufacture the
hand-brake lever are PA6 if based on impact strength,
PUR on elongation at break and PP on tensile strength;

— thermoset plastic offers better results than ther-
moplastic for tensile strength and elongation at break,
whereas thermoplastic exhibits better impact strength
than thermoset.
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