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Abstract 

Fibre orientation is a major factor influencing composite performance; research, largely on 

synthetic fibre composites, supports that the best mechanical performances are achieved in 

composites when fibres are aligned in the loading direction. Generally, with short natural plant 

fibre (SNPF) composites, randomly oriented fibre mats are used as reinforcements due to the 

innate limits of fibre length and the difficulty of aligning short fibre. However, there are a number 

of methods that have been developed for aligning short fibre, again largely employed for synthetic 

fibres. The two main approaches employed to align short fibres relate to whether dry or wet 

processing is used available in literature; in wet processes, fibres are generally suspended in a 

liquid medium and alignment of fibre trails the fluid flow direction, whereas in dry processes, dry 

fibres are aligned in the direction of an induced or applied force such as pneumatic or electric. An 

overview of different alignment methods with their working principles is presented in this paper. 

This paper also describes an alignment technique currently under development to improve the 

alignment obtained for SNPFs. 

1. Introduction

Polymer composites reinforced with oriented fibres have higher reinforcement efficiency. 

Generally, fibre reinforcements are either in continuous or discontinuous form. Continuous fibre 

reinforced composites perform better because of the continuous load path and fibre continuity 

also allows easy alignment in the preferred direction compared to short fibres [1]. However, 

discontinuous fibre reinforced polymer composites are becoming more attractive with major 

benefits including the ability to manufacture complex structural parts due to their higher ductility 

in all direction [I, 2]. 

There are different methods developed by researchers in order to manufacture aligned short fibre 

reinforced polymer composites (SFRPCs). These methods can be broadly classified as wet 

processes and dry processes [3]. Generally, in the former, fibres are suspended in a liquid medium 

and are forced through a converging nozzle for fibre alignment along the fluid flow 

direction [2, 4] while in the latter, generally, dry fibres along with polymer powder are aligned by 

electric or pneumatic means to form the aligned fibre preforms. Although dry alignment methods 

attain faster production rates and control over orientation of fibres, the degree of fibre alignment 
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obtained has been higher with wet alignment methods [2, 3, 5]. 

Recently, growing environmental concerns have urged developments and usage of short natural 

plant fibre polymer composites (SNPFPCs) with good mechanical properties (specific strength 

and specific stiffness) [6]. Similar to synthetic short fibre polymer composites, the aligned 

SNPFPCs exhibit better mechanical properties when the fibre is aligned to the loading direction. 

However, obtaining alignment with short natural fibres is more complicated than with short 

synthetic fibres because of their variability in diameter along their length. 

This paper provides an overview of the main alignment techniques for SFRPCs described in the 

literature and also describes a recently adopted alignment technique i.e. dynamic sheet forming 

which has been employed successfully to produce aligned natural fibre mat. These aligned mats 

can be incorporated with polymer matrices to manufacture aligned SNPFPCs. 

2. Discontinuous Fibre Alignment Methods

2.1 Dry processes 

The two main conventional short fibre alignment techniques used in the textile industry are 

carding, in which, generally rotating rollers as shown in Figure 1 a, guide the fibres to produce a 

fibre web and combing, where the rows of pins in the comb as shown in Figure 1 b, align the short 

fibres. These processes result in mats lack homogeneous packing and sufficient alignment [4, 7]. 

Figure 1: (a) Carding machine (b) comb 

Alignment of short fibres by electrical and pneumatic means provides a higher production rate 

and a higher degree of alignment than carding and combing. Electric fields are used in the aligned 

discontinuous fibre composite process (ADF) [3]; have short fibres coated with polymer powder 

are fed into an orienting electric field chamber via a vibratory feeder. The alignment of conductive 

fibres occurs in the direction of the electric field generated by electrodes. The aligned fibres along 

with coated polymer powder are then deposited on a moving belt followed by exposure to heat 
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which melts the polymer powder and joins the fibres together to form aligned ADF mats. 

Composites can be formed by compression moulding of ADF mats. The schematic diagram of 

ADF is shown in Figure 2. The ADF process depends on the conductivity of fibres and so are 

generally not relevant to SNPFPCs. 

FEEDER 

ELECTRIC FIELD ORIENTATION CHAMBER 

/ 

HEATER 

Figure 2: An overview of ADF process 

The main pneumatic alignment method used is the glass-mat reinforced thermoplastic (GMT) 

technique. In this method, two orientation plates are used for the alignment of fibres as shown in 

Figure 3. Chopped glass fibres are mixed with thermoplastic power which are then sprayed into 

the orientation plates through tubes. The orientated mixtures are then drawn towards a perforated 

steel plate, followed by heating of the mixture and applying compression to form GMT 

preforms [8]. 

PLATE ONE 

TUBE 

PLATE TWO 

. HEATER 

PERFORATED PLATE 6 COMPRESSSION MOULDER 

____________ j ____________ � 

Figure 3: A brief description of GMT 
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Another pneumatic alignment process reported in the literature involves aligning fibres from a 

fibrous mass [9]. In this technique, a fibrous mass is laid on a screen and a pulsating compressed 

gas jet is discharged from the nozzle placed under the fibrous mass. A low pressure compressed 

gas is also directed towards the fibrous mass through an opening provided in the middle portion 

of the apparatus. The pressure difference causes fibre separation and fibres to flow upwards. A 

specially designed conical annular vertical passage as shown in Figure 4, of the apparatus with a 

width less than the longest fibre in the fibrous mass results in the alignment of fibres. The aligned 

fibres are collected at the top of passageway on a porous closure. 

SPECIALLY DESIGNED ALIGNMENT PASSAGE 

FIBROUS MASS ON SCREEN 

NOZZLE 

Figure 4: Apparatus for fibre alignment by pneumatic means 

2.2 Wet processes 

Wet processes generally involve dispersion of short fibres in a liquid medium. There are two main 

mediums used by researchers: ammonium alginate solution and glycerine [2, 7, 10, 11). 

Processing with ammonium alginate solution involves suspension of whiskers or fibres in this 

medium. The highly resulting viscid mixture is then extruded through an orifice (where the 

alignment occurs) into a precipitate bath. The gel filaments so formed are wound onto a drum 

followed by cleaning and drying [4, 10). 

Processing with glycerine involves dispersion of short fibres in this viscous medium which is 

made to flow through a reciprocating tapered nozzle (partial alignment of fibres) as shown in 

Figure 5, onto a flat gauze bed (wire mesh). The final alignment occurs as a result of fluid friction 

that occurs between the core layer and boundary layer thereby causing the fibre alignment towards 

the flow direction. Finally, the carrier fluid removal employing a vacuum was carried out with 
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much care to prevent misalignment during removal [7, ] 2, 13]. Glycerine is used as a carrier fluid 

because of its low viscosity compared to alginate solution. The viscosity of the carrier medium 

affects the productivity by increasing the production time and the cost. 

I RECIPROCATING NOZZLE 
! .,..,,--

<::i [Y Q GAUZEBED 

[ ---·----- --- - t2 
·",

�'-00 VAC'!)U�f 

Figure 5: Viscous fluid technique 

Centrifugal alignment methods reduce the difficulty of removal of carrier fluids. Generally, in 

these techniques, aligned fibre mats are produced by discharging the fibre suspension through an 

aligning nozzle onto the inner permeable surface of a rotating cylinder as schematically shown in 

Figure 6. This centrifugal rotation causes rapid removal of suspended fluid thereby retaining 

alignment [I, 11, 14]. Another related technique is the rotating vacuum drum method in which 

a rotating vacuum drum filter is employed to improve the fibre alignment [14]. The main 

drawback of the centrifugal technique is that it is a batch production method. 

· 620 ·
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Figure 6: An indication of centrifugal process 
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A recent wet processing method to align short fibres to increase the production rate reported in 

the literature is the high performance discontinuous fibre method (HiPerDiF) [2] which produces 

a tape or tow type prepreg. In this method, the suspending fluid is water (less viscous compared 

to other conventional fluids). A nozzle, as shown in Figure 7, is used to discharge the fibre 

suspension to an orientation head. The orientation head has two parallel plates such that one of 

the plates along with moving belt orients the fibre perpendicular to the suspension jet and the 

other acts as a guiding plate to prevent overflow of the short fibres. Suction of the carrier fluid 

through a vacuum maintains the fibre alignment on the perforated moving belt. Finally the dried 

fibre is resin impregnated by the application of heat and pressure to form prepregs. The production 

rate can be increased with a multiple nozzle system (MNS). In MNS, the middle plate acts as an 

orientation plate for the first unit and guiding plate for the second unit. 

ORIENATTION PLATE 
NOZZLE 

PERFORATED MOVING BELT 
GUIDING PLATE -----.. 

L 
-----,,,-,---

--

Figure 7: An overview of orientation head (HiPerDiF) 

A method similar to the aforementioned centrifugal alignment methods is the dynamic sheet 

forming (DSF) method which has been successfully employed to align short natural plant fibre. 

Generally, this method is used in paper production to align fibres. The equipment consists of a 

rotating drum as indicated in Figure 8, with a wire (screening fabric) on the inside surface. Initially, 

in this technique, a water wall is built up on the wire ( acts as a fibre cushion ) with a reciprocating 

nozzle (up and down) during the entire production [15, 16]. Once the required water wall is 

obtained, similar to centrifugal methods, the aligned mats are produced by discharging the fibre 

suspension (water and short fibres) onto a rotating drum through an aligning nozzle. The rotating 

speed of the drum maintains the fibre alignment. Finally, the water is removed from the wet 

aligned fibre mat. 
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Figure 8: Dynamic sheet former 

2.3 Other alignment methods 

Alignment of short fibres using an ultrasonic device is also reported in the literature [ 17]. In the 

ultrasonic alignment (UA) technique, alignment of short fibres in different matrix media occurs 

in response to the standing waves produced by two piezoelectric transducers placed at either side 

of the UA device. The standing waves aligns the fibres in its nodal position. The main drawbacks 

are low fibre volume fraction. 

Injection moulding is one of the main processes used to manufacture SFRPCs. Alignment of fibres 

generally occurs due to interactions between different layers in the mould. The alignment of fibres 

follows the flow direction in boundary regions of mould due to the friction exerted by the walls 

of the mould. The friction decreases towards the central region where the alignment of fibres is 

transverse to the flow direction. There is a chance of occurrence of a shearing flow between the 

boundary region and central region which may improve the fibre alignment in the central 

region [18]. Shear controlled orientation in injection moulding (SCORIM) is a modification 

mainly used for aligning short fibres along the flow direction during injection moulding [19]. In 

this macroscopic shears are generated with a device fitted between the mould cavity and nozzle 

of an injection moulding machine. This device consists of pistons which oscillate to produce 

macroscopic shear to solidifying melt inside the central region of the mould, thereby improving 

alignment of fibres in this region. 
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Combination of injection moulding and compression moulding have been used by researchers to 

produce aligned SNPFPCs. Injection moulding was initially used to produce cylindrical rods of 

the short fibres with polymer matrices. Finally, those rods were aligned in a leaky mould followed 

by compression moulding to produce the aligned short fibre composites [20]. 

Additive manufacturing or 3D printing of polymer composites have the potential to print or fused 

deposition modelling ofaligned SFRPCs [6, 21]. Generally, in this method, extruded filaments of 

short fibres with polymer matrices are fed into a 3D printer to produce ( or print) aligned 

SFRPCs [22]. 

Among all aforementioned methods, the highest degree of fibre alignment reported in the 

literature is+/- 3 ° (measured within the prepregs or composites produced) [2]. The two methods 

that have exhibited this range of fibre alignment are the HiPerDiF ( 67% of the fibres with in this 

range) and rotating vacuum drum (60% of the fibres with in this range). The performance in terms 

of alignment reported by electric field and pneumatic methods are+/- 20 ° (70% of the fibres with 

in this range) and+/- 52 ° (majority of the fibres with in this range) respectively [23]. 

3. Potential Benefits Of Dynamic Sheet Forming Method

Various forms of short natural fibres are available including randomly oriented mats, long yarns, 

braiding and woven textiles [24], but literature reports that generally randomly oriented mats are 

used as reinforcement in SNPFPCs as they are cheap compared to other forms [25]. However, 

work carried out at the University of Waikato has proved that the dynamic sheet forming method 

is a potential technique to produce aligned short fibre mats [6]. The occurrence of fibre orientation 

in harakeke mats was assessed by determining the ratio of transverse tensile strength to 

longitudinal tensile strength indicate a good degree of orientation. The ratio obtained was 0.3; 

when the ratio closes to zero point to the higher degree of alignment. It was also observed from 

the optical images and scanning electron micrographs that the fibre mats had improved fibre 

dispersion. The composites produced with the harakeke and hemp fibre mats reinforced in epoxy 

resin ( only harakeke) and polylactide polymers using compression moulding had exhibited higher 

tensile strengths and Young's modulus compared to random oriented short fibre mats [15, 16]. 

Currently, the nozzle used in the DSF is a slit type. For improvement in alignment, the potential 

of different tapered nozzles with a differently shaped is to be investigated along with analysis of 

fibre orientation in the fibre mats produced using optical methods such as micro-CT. Techniques 

for assessing orientation are also to be considered. 
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4. Conclusions

An overview of short fibre alignment processes with their working principles are described in this 

paper. The alignment of short fibres by some means are essential to achieve higher mechanical 

properties. Although pneumatic processes are productive, a higher degree of alignment has been 

found with wet processes. The possibilities of 3D printers to align short fibre have also to be 

further explored. 

Composites, especially with short natural fibres, have a great future. Dynamic sheet forming 

(DSF) is a promising method to produce aligned fibre mat with natural fibres. However, more 

research needs to be carried out to optimise the production of DSF in order to improve the 

alignment of fibres in the fibre mat. 

References 

1. Flemming, T., G. Kress, and M. Flemming, A new aligned short·carbon·fiber­

reinforced thermoplastic prepreg. Advanced Composite Materials, 1996. 5(2): p. 151 ·

159.

2. Yu, H., K. Potter, and M. Wisnom, A novel manufacturing method for aligned

discontinuous fibre composites (High Perfonnance·Discontinuous Fibre method).

Composites Part A: Applied Science and Manufacturing, 2014. 65: p. 175· 185.

3. Vyakarnam, M.N. and L.T. Drzal, Composite material of aligned discontinuous fibers.

2000, Google Patents.

4. SUCH, M., C. WARD, and K. POTTER, Aligned discontinuous .ibrn composites: a

short history. Journal of Multifunctional Composites, 2014. 2(3).

5. Yu, H., K. Potter, and M. Wisnom. Aligned shod fibPe composites with high

performance. in 19th International Conference 011 Composites Materials. Montreal,

Canada: GAGS.MA. 2013.

6. Pickering, K., M.A. Efendy, and T. Le, A review of recent developments in natural

fibre composites and thefr mechanical performance. Composites Part A: Applied

Science and Manufacturing, 2015.

7. Bagg, G., M. Evans, and A. Pryde, The glycerine process for the alignment offihl·es

and whiskers. Composites, 1969. 1(2): p. 97·100.

8. Ericson, M.L. and L.A. Berglund, Processing and mechanical properties of orientated

preformed glass·mat·reinforced thermoplastics. Composites science and technology,

1993. 49(2): p. 121·130.

9. Method and apparatus for separating, aligning, and collecting fibers from a fibrous

mass. 1970, Google Patents.

10. Parratt, N., Whisker alignment by the alginate process. Composites, 1969. 1(1): p.

- 624 -



Processing and Fabrication of Advanced Materials XXV 

25-27.

11. Bagg, G.E.G., et al., Manufacture of composite materials. 1977, Google Patents.

12. Bagg, G.E.G., et al., Aligning fibz-es. 1976, Google Patents.

13. Bagg, G.E.G., et al., Pl'Ocess for the manufacture of a composite material having

aligned z-einforcing fibers. 1971, Google Patents.

14. RICHTER, H., Single fibez-and hybrid composites with aligned discontinuous fibres

in polymer matrix. Advances in composite materials, 1980: p. 387-398.

15. Pickering, K. and T.M. Le, High performance aligned short natural fibre-Epoxy

composites. Composites Part B: Engineering, 2016. 85: p. 123-129.

16. Pickering, K. and M.A. Efendy, Preparation and mechanical pl'Operties of novel bio·

composite made of dynamically sheet formed discontinuous harakeke and hemp fibre

mat reinforced PLA composites for structural applications. Industrial Crops and

Products, 2016. 84: p. 139-150.

17. Scholz, M. -S., B. Drinkwater, and R. Trask, Ultrasonic assembly of anisotl'Opic short

fibre reinforced composites. Ultrasonics, 2014. 64(4): p. 1015-1019.

18. Beckermann, G., Performance of hemp-fibre reinforced polypl'Opylene composite

materials. 200 7.

19. Allan, P., et al., Shear controlled orientation technology foz- the management of

reinforcing fibres in moulded and extruded composite materials. Journal of materials

processing technology, 1996. 56(1): p. 272-281.

20. Joseph, P., K. Joseph, and S. Thomas, Effect of pl'Ocessing variables on the

mechanical pl'Operties of sisal-fiber-reinfoz-ced polypropylene composites. Composites

science and Technology, 1999. 59(11): p. 1625-1640.

21. Kalsoom, U., P.N. Nesterenko, and B. Paull, Recent developments in 3D printable

composite matez-ials. RSC Advances, 2016. 6(65): p. 60355-60371.

22. Tekinalp, H.L., et al., Highly oziented carbon fiber-polymez· composites via additive

manufacturing. Composites Science and Technology, 2014. 105: p. 144-150.

23. Harper, L., et al., Fiber alignment in directed carbon fiber prefoz-ms-a feasibility

study Journal of Composite Materials, 2008.

24. Leong, Y., et al., Compression and injection molding techniques for natural fibe1·

composites. Nat Fibre Compos, 2014: p. 216-232.

25. Cristaldi, G., et al., Composites based on natural fibre fabrics. Woven fabric

engineering, 2010. 17: p. 317-342.

- 625 -




