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Abstract. In this paper, we use the variable fiber reinforced reaction injection molding process to
produce different kinds of fiber reinforced polyurethane composite materials. We analyze the
effects of different types of fibers on the mechanical properties of the composites, while the tensile
strength and bending performance testing - displacement curves. The changes of the density and
mechanical properties of the composites were analyzed by the analysis of the fiber content from 10%
to 20%.Finally, according to the analysis, a fiber material is optimized.

Introduction

With the development of green, low energy consumption and light weight in the automotive
industry, the research on the natural fiber reinforced composite is a new direction in the research
and development of composite materials[1]. Natural plant fiber has the characteristics of low cost,
light weight, high specific strength, high specific modulus and environmental protection. Plant fiber
is of good performance, and can give full play to the enhancement effect of plant fiber, and
effectively improve the mechanical properties of polyurethane foam, as the reinforcing material and
PU. Plant fiber enhanced polyurethane foam composite materials with excellent properties so they
have good application prospect in the fields, have made a great progress in research and application
of automotive interior parts, such as used in the manufacture of door trim panel, dashboard, ceilings,
and luggage rack.

In the current industrial production, the fiber reinforced reaction injection molding is used by
most of the fiber glass fiber, Glass fiber strength is high, easy to disperse, but the existence of
environmental protection is poor, difficult to degrade the problem. In order to expand the scope of
application, this paper attempts to use plant fiber and carbon fiber as reinforcing material, with a
view to replace the glass fiber. At present, the research on the properties of plant fiber reinforced
composite materials has been a fruitful[2,3]. The domestic application of jute has also done a lot of
research.GuojieWang[4]et al explored the process parameters and material microstructure of jute
fiber enhancement effect of reaction injection molding products, mechanical properties.ChenChao[5]
et al discussed jute carpet/PP membrane by lamination method preparing process for automotive
interior materials, using the orthogonal and single factor optimization analysis of the jute carpet and
PP film composite preparation process parameters.In this paper, we use the variable fiber reinforced
reaction injection molding process to produce different kinds of fiber reinforced polyurethane
composite materials.We analyze the effects of different types of fibers on the mechanical properties
of the composites, while the tensile strength and bending performance testing -displacement curves.
The changes of the density and mechanical properties of the composites were also analyzed by the
analysis of the fiber content. Finally, according to the analysis, a fiber material is optimized.

Experimental section

Experiment scheme.The test was used to analyze the jute feltjute tablets,carbon fiber,glass
fiber mat four fiber materials. The remaining parameters were set as follows:pouring quantity 80g,
mold temperature 45°C,raw material temperature 40,release time 15min. The contrast test of
different fiber materials is shown in table 1.
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Table 1 Comparison test of different kinds of fiber

Experiment number Fiber type Fiber content Pouring quantity
Al Bl Jute felt 10% 20% 80g
A2 B2 Jute tablets 10% 20% 80g
A3 B3 Carbon fiber 10% 20% 80g
Ad B4 Glass fiber mat 10% 20% 80g

Experimental materials and equipment.Experimental materials: jute felt, jute tablets, carbon
fiber, glass fiber mat,polyurethane raw materials.
Table 2 Types and properties of fiber materials

Fiber type Density Elongation at break ~ Specific strength  Specific modulus
(g/cm®) (%) (MPa - cm*/g) (GPa - cm®/g)
Jute fiber 1.3 15~1.8 302~595 204
Carbon fiber 1.4 1.4~1.8 2857 164~171
Glass fiber 2.5 2.5 800~1400 28

Testequipment: Long fiber reinforced reaction injection molding equipment, Die casting
aluminum mold, Electronic universal material testing machine CMT-4000, Pendulum impact testing
machine JJ-5.5, Electronic balance.

Sample preparation.By forming complete sets of equipment, preparation of fiber reinforced
products, better process parameters to be set in advance, and in accordance with the test program set
by the artificial fibers of different kinds and contents, the mold is closed, remove the parts in the
mold after curing reaction. Remove the parts must pass through the curing stage.The test article in
an oven at a temperature of 80°C after maturing for 2 hours, and finally at a temperature of 20°C,
relative humidity of 60% air in flat 24 hours, to prepare a final product. Forming molds and
products are shown in figure 1 and figure 2

Fig. 1MoldFig. 2Product

The mechanical properties of the composite material test specimens were all on the interception
of composite products, each product were tested on the interception of stretching, bending and
impact test specimens each 3. In order to ensure that the mechanical properties of the samples are
uniform, the edge of the product is removed, and the specific method is shown in figure 3. Visual
inspection and sample conditioning reference GB/T1446-2005 (fiber-reinforced plastics
performance test method General) provisions, test temperature (23 = 2) °C, relative humidity of
(50£10)%.Finally obtained the sample shown infigure 4.
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Fig. 3Intercept methodFig. 4Samples
Mechanical property test.Tensile properties of fiber reinforced composite materials was tested
by GB/T1447- 2005 (tensile properties of fiber reinforced plastics). The concrete drawing process is
carried out on a universal material testing machine, the clamping distance is 115mm, the end head
width is 20mm, the loading rate is 10mm/min, the test process is shown in figure 5;Test procedure
for flexural properties of composite materials with reference to GB/T1449-2005 (fiber reinforced
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plastic bending test method). On the universal material testing machine, the three point bending test
is carried out, and the pressure head and the bearing are cylindrical surface, the pressure head radius
is R=bmm, and the supporting radius is r=2mm, the test speed is 10mm/min; The impact test of
fiber reinforced composite material is carried out on the JJ-5.5 pendulum impact test machine, and
the test process is shown in figure 6.

Fig. 5Electronic universal testing machineFig. 6Pendulum impact testing machine

Experimental results and mechanical performance analysis

Effects of fiber types on mechanical properties of composite materials.The test of jute felt,
jute tablets, carbon fiber and glass fiber mat four fibers as a reinforcing material mechanical
properties of polyurethane composites were tested,the mechanical performance test results are
shown in Table 3. Fiber content was selected in 10%, the pouring amount is set to 80g.

Table 3 Effect of different kinds of fiber on mechanical properties of composite materials

Tensile Tensile Bending Bending Impact

Fibre type strength modulus strength modulus strength

(MPa) (MPa) (MPa) (MPa) (K¥m2)
Jute felt 4.15 103.59 6.99 213.62 3.31
Jute tablets 3.61 58.30 5.35 247.00 2.34
Carbon fiber 14.86 155.72 13.47 307.90 8.21
Glass fiber mat 4.51 65.67 7.86 358.69 6.73

As can be seen from Table 3, jute mat reinforced polyurethane composite material mechanical
properties close to glass fiber reinforced polyurethane composite material, low tensile strength than
glass fiber reinforced polyurethane composite 7.9%, the tensile modulus 57.7% higher bending
strength , flexural modulus and impact strength were lower by 11%, 40.4%, 50.8%. The mechanical
properties of carbon fiber reinforced composites are higher than that of glass fiber reinforced
composite, the tensile strength is 3 times higher than that of glass fiber reinforced composite. The
tensile modulus and bending strength are 2 times higher, and the bending modulus is slightly lower,
and the impact strength is higher than 20%. And jutetabletsreinforced the mechanical properties of
composite is lower than glass fiber reinforced composites, tensile strength, tensile modulus, bending
strength, bending elastic modulus and impact strength of respectively 20%, 10%, 30%, 30% and
60%. It showed jute felt reinforced mechanical properties of the composite is slightly lower than
glass fiber reinforced composites, and jute plant fiber mat has a low cost, lightweight and
environmentally friendly features, which provide a theoretical basis for the development of the jute
mat reinforced composites. While jute tablets reinforced the mechanical properties of composite
materials is low, the high cost of carbon fiber and the environmental pollution, are not suitable for
mass production.

According to the stress transfer theory, the load is not directly related to the fiber, but first of all
the material on the substrate. The force-displacement curves of tensile and flexural properties of
four kinds of fiber reinforced composite materials are analyzed. The three curves in each picture are
represented by the same set of three test specimens.
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Figure 7-10 are the force-displacement curves of four kinds of fiber reinforced composite tensile
properties, and the force-displacement curves of the composite are all nonlinear up before the peak
of the force. After the peak in force, jute felt, jute tablets and glass fiber force-displacement curve
began to decline significantly. This is due to between jute felt, jute tablets, glass fiber and
polyurethane matrix interfacial bonding strength is higher.Load through the substrate transfer to the
fibers, in the polyurethane matrix cracking at the same time, jute felts, jute tablets and glass fiber
also disrupted. However, the interface strength of carbon fiber and polyurethane matrix is not high,
and the ratio of carbon fiber is high, so the interface debonding and fiber is pulled out after cracking.
After the carbon fiber continues to force deformation, resulting in the carbon fiber
force-displacement curve continues to rise.
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Figure 11-14 are the force-displacement curves of four kinds of fiber reinforced composite
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bending performance test, the same composite force displacement curve at the peak of the force
before the emergence of a nonlinear rise. After the emergence of the peak value of the force, jute
felt, jute tablets and glass fiber enhanced composite force - displacement curve began to gradually
slow down. Because of the high ratio of carbon fiber and the rigidity of composite material, the
force-displacement curve of carbon fiber reinforced composite is rapidly decreased.

Effect of different fiber materials on the density of composite materials.With the increase of
fiber content, the density of the composites increases. Taking into account the lightweight car
interior decoration, density of different kinds of fiber reinforced composite materials was tested in
this experiment. Test results are shown in Table 4.

Table 4 Density (g/cm3)

Fiber content Jute felt Jute tablets Carbon fiber Glass fiber mat
10% 0.35 0.35 0.39 0.34
20% 0.38 0.39 0.4 0.42

From the table can be seen, when the fiber content is 10%, the jute felt, jute tablets and glass
fiber enhanced composite material of similar density, carbon fiber enhanced composite material of
high density. When the fiber content increased to 20%, jute felts, jute tablets and carbon fiber
enhanced composite respectively increase by 8.6%, 11.4%, 2.6%, and the glass fiber reinforced
composite increases about 23.5%. And in the fiber content of 20% glass fiber reinforced composite
is higher in density, and jute felts and jute tablets enhanced composite material with low density.
Therefore the development of jute felt reinforced composite material has significance for
lightweight automotive interiors.

Effect of different kinds of fiber content on mechanical properties of composite
materials.Usually automotive interior trim requirements better bending modulus and impact
toughness, to a collision, can absorb the impact energy,reduce the auto parts on the human body
harm[6]. This experiment will mainly study the influence of different kinds of fiber content on the
bending modulus and impact toughness of composite materials.

Effect on bending modulus

Table 5Bending modulus (MPa)

Fiber content Jute felt Jute tablets Carbon fiber Glass fiber mat
10% 213.62 247.00 307.90 358.69
20% 507.98 311.39 1148.28 482.81

Effect on impact strength
Table 6 Impact strength (KJ/im2)

Fiber content Jute felt Jute tablets Carbon fiber Glass fiber mat
10% 3.31 2.34 8.21 6.73
20% 3.92 3.69 10.66 8.02

From the table we can see that when the fiber content by 10% increase to 20%, the bending
modulus of composites are increased, jute felts, jute tablets, carbon fiber and glass fiber mat were
increased by 57.9%, 20.6%, 73.1% and 25.7. Also the impact strength of the composites are
increased, jute felts, jute tablets, carbon fiber and glass fiber mat were increased by 15.6%, 36.5%,
23% and 16.1%. And when the fiber content is 20%, jute felts reinforced composite bending
modulus close to the glass fiber reinforced composite, but impact strength is low. Reinforcing fibers
can be distributed uniformly and subjected to load, and can be effectively transmitted and resistant
to stress. When the fiber mass fraction is lower, the fiber spacing is larger, the effective contact area
between the plant fiber and the matrix material is less, and the reinforcing effect of the fiber on the
polyurethane matrix is not enough. So it can improve the strength of the composite materials by
reasonably increasing the fiber content. When the mass fraction of the fiber is too high, he matrix
resin can not effectively cover the reinforcing fiber, the interfacial bonding strength of the two
phases can be decreased with the increase of the fiber mass fraction, which is the main reason for
the deterioration of the material properties.
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Conclusion

(DWe analyze the effects of different types of fibers on the mechanical properties of the
composites, while the tensile strength and bending performance testing - displacement curves.
When the fiber content is 10%, jute felts reinforced composite material mechanics to glass fiber mat
reinforced polyurethane composites.

(2)When the fiber content increased from 10% to 20%, the density increased in the order of
magnitude: glass fiber mat>jute tablets>jute felt>carbon fiber. At the same time when the content
is 10% and 20%, jute felt reinforced composite material with low density.

(3)When the fiber content is increased from 10% to 20%, the effect of the bending modulus is
increased in the order of magnitude:carbon fiber>jute felt>glass fiber mat>jute tablets.The effect
of the bending modulus is increased in the order of magnitude: jute tablets>carbon fiber>glass
fiber mat>jute felt. When the fiber content is 20%, jute carpet enhance the bending modulus of
composites is higher than that of the glass fiber reinforced composite materials, and impact strength
low.

(4) Based on the above analysis, jute felt reinforced polyurethane composite material has the
characteristics of low cost, environmental protection, lightweight. At the same time, when the fiber
content is 10% and 20%, in addition to low impact strength, jute felt enhanced the mechanical
properties of the composite approaches close to the glass fiber reinforced composite materials, and
has a good development prospect.
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