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The creation of the novel 3D structure of knitted fabrics has research and practical significance in
the textiles, protective clothing and materials engineering fields. The project provides the basis
for advancing the design of hand protection products to minimize the risk of injuries for workers.

An understanding of the effect of the materials and designs of the current
anti-vibration gloves on wearing comfort, vibration absorption ability and hand dexterity is
achieved. A novel 3D structured weft-knitted fabric is created for absorbing and dissipating
vibrations by using different types of knitting arrangements, materials and the inlay knitting
technique. An anti-vibration glove prototype is also developed, and the performance in vibration
isolation is confirmed.

This research provides a new perspective on 3D knitted fabrics as vibration isolation materials and
anti-vibration glove development by increasing the dynamic stiffness of spacer fabric through a
inlay method, integratin? comfort, hand sensitivity towards vibration at different hand regions and
hand ergonomics in the glove design.
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Many tasks require the use of electrical and pneumatic powered hand tools that give off
vibrations, for example, ballast stop machines, chain saws, etc. Prolonged exposure of the
hand to such vibrations could lead to hand-arm vibration syndrome (HAVS), which includes
the following symptoms: hand pain, numbness, peripheral neuropathy, secondary Raynaud’s
phenomenon and musculoskeletal problems. An anti-vibration glove could serve to protect
the hands during the use of vibrating hand tools. Unfortunately, the current anti-vibration
gloves mainly using elastomeric materials for vibration isolation do not take the wear comfort
into consideration. The gloves usually have poor thermal conductivity, air permeability and
moisture transfer. It also restricts a certain degree of hand dexterity which causes safety
issues and limits the usability of the gloves. Therefore, there is a need to improve the design
and materials of anti-vibration gloves.

Spacer fabrics have a 3-dimensional (3D) structure with filaments in the middle connective
layer holding the two outer layers together. The connective layer of the fabric contains voids
which not only substantially reduce the weight of the fabric but also provide a cushioning
and damping effect on vibration. With a scientific investigation and function-oriented
modification, spacer fabrics provide a possibility to improve the comfort and performance of
anti-vibration gloves.

The aims of this study included designing a novel 3D knitted fabric structure for vibration
isolation purposes, analyzing the anti-vibration mechanism of the knitted structure and
developing an anti-vibration glove with good ability to isolate vibration and offer good
perceived comfort with the goal to improve work conditions and prevent injuries to workers
when they are using vibrating hand tools.

The research methods involve three main parts, which are the evaluation of current anti-
vibration gloves, the designing of a new fabric structure and the development of new gloves.

3.1 Evaluation of the anti-vibration glove

The design, materials and thermal comfort of four commercial anti-vibration gloves using
chloroprene rubber as the vibration isolation materials and one glove made of spacer fabrics
were evaluated (Fig. 1). The impact of the gloves on hand dexterity, forearm muscles activity
and thermal comfort were investigated through wear trials. Surface electromyography
(SEMG) of three forearm muscles was conducted during gripping, key pinching, woodblock
transporting, screw inserting and screw driving tasks. The correlation between the
compression properties of the gloves and hand performance was also evaluated. The
subjective sensations towards the gloves were also measured. The evaluation of the anti-
vibration glove samples can help to establish a thorough scientific basis for understanding
the shortcomings of the current anti-vibration gloves and identifying the direction for
improvement.
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Fig. 1. Five types of anti-vibration gloves for evaluation

3.2 Development of novel spacer fabric structure for vibration isolation

In order to enhance the vibration isolation properties of the 3D spacer fabrics, modification
on the fabric structure by means of inlay knitting was adopted. Inlay knitting is a technique
that applies extra yarns into a knitted structure to provide additional reinforcement or
enhance the mechanical behaviour of the fabric. The first idea was to apply elastic inlay yarn
on the surface layer of a spacer fabric structure (Fig. 2). In the formation of the surface
knitting course, an elastic yarn was followed and inlaid by using tuck and miss stitches. The
elastic yarn facilitated the contraction of the fabric, giving a thicker structure. The alignment



of the monofilament yarn used in the connective layer could also be altered, thus damping
the spacer fabric.

Inlaid elastic yarn

Fig. 2. Application of elastic inlay yarn in the surface layers of spacer fabric

An increase in the thickness and softness of the anti-vibration materials can help to improve
their effectiveness in reducing the transmission of vibrations. However, when used as an anti-
vibration glove, the vibration isolation materials would also increase difficulties in grasping
and controlling hand tools, which incur safety risks. Therefore, the second idea was to
integrate an inlaid silicone tube in the connective layer of spacer fabric (Fig. 3). The silicone
tube can help to reinforce the fabric structure to prevent the fabric structure from collapsing
due to the stress imparted by the human body. The monofilament yarn in the connective layer
can be used to maintain the low stiffness and damping of the fabric. The silicone tube can be
inlaid by all miss stitches forming a long float across the fabric or by tuck and miss stitches
forming a zig-zag pattern.
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Fig. 3. Application of silicone tube inlay in the connective layer of spacer fabric

The mechanical properties, air permeability and vibration isolation properties (in accordance
with 1SO13753) of the developed fabrics were tested, and the effect of the inlay and fabrics
parameters were investigated.

3.3 Development of anti-vibration glove prototypes

Two anti-vibration glove samples with spacer fabric paddings on the palm were developed.
One sample was inserted with two layers of conventional spacer fabric, while another was
inserted with two layers of silicone tube inlaid spacer fabric. Two commercial anti-vibration
gloves were used for comparison. The samples were evaluated according to 1SO 10819:2013,
Mechanical vibration and shock — Hand-arm vibration — Measurement and evaluation of the
vibration transmissibility of gloves at the palm.
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Fig. 4. Design of anti-vibration glove prototype



4.1 Impact of glove parameters on performance

Different designs and materials used for anti-vibration gloves could affect hand performance
when carrying out different tasks. When wearing a glove entirely made of spacer fabric
without special design features, the hand dexterity is lower, and the muscle activity is higher
than commercial gloves made of chloroprene rubber in carrying woodblocks. The fabric of the
dorsal side is correlated to hand dexterity and a thinner fabric can facilitate finger movement
and hence dexterity. Using a thin mesh fabric for the dorsal of the glove resulted in a
significantly lower skin temperature than using spacer fabric or chloroprene rubber during
hand activity. The different combinations and lamination of chloroprene rubber can also
make a difference in compression stiffness. The palm of the glove made of spacer fabric had
higher air and water vapour permeabilities than chloroprene rubber. However, the thermal
sensation of human subjects showed no significant difference among the five glove samples.
Apart from using highly permeable materials, the fabric thickness and design should also be
considered in the development of anti-vibration gloves to provide better wear and thermal
comfort. These findings can act as a reference in the development of anti-vibration gloves and
the textiles paddings.

4.2 Novel fabric structure

4.2.1 Effect of elastic inlay yarn on the surface layers

The spacer fabric made by incorporating an elastic inlay can retain air permeability and a
lower fabric weight than that made by the knit stitches of elastic yarns together with the
surface yarns. By changing the inlay pattern, spacer fabric with different thicknesses and
compression behaviour can be produced. The spacer fabrics with elastic inlay showed better
vibration isolation ability having a lower natural frequency and isolated vibration in a wider
frequency range than the spacer fabrics with the same structure without the elastic inlay
(Fig. 5). This novel method can increase the flexibility of creating a spacer fabric with the
desired properties.
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Fig. 5 The vibration transmissibility of a conventional spacer fabric sample without inlay
(A1), a spacer fabric sample with elastic yarn inlaid on the surface layer (A2) and a spacer
fabric sample with elastic yarn knitted with the surface yarn.

4.2.2 Effect of silicone tube inlaid on the connective layer

With the presence of a silicone inlay, the fabric thickness, weight, and stitch density are
increased. The spacer fabric with a silicone inlay has higher flexural rigidity and bending
stiffness but a lower degree of fabric hardness.

The compression resistance and energy absorption are also largely increased. The silicone
inlay, therefore, effectively absorbs and reduces the impact forces. Compared to the spacer
fabric without an inlay, the spacer fabric with an inlay constructed by using all miss
stitches shows a lower compression elasticity, while the spacer fabric with an inlay that
forms a zig-zag pattern through the tuck stitches has higher compression elasticity. The
novel silicone inlay method can reinforce spacer fabric structures and enhance the
performance of such fabrics as cushioning materials.

The effect of the type of silicone-based tubular inlay materials on the compression
reinforcement has also been investigated. Different inlay materials with different Young’s
moduli and tensile behaviours can affect the compression energy and stiffness of the
resultant fabrics. The spacer fabric inlaid with silicone foam rods, which have lower tensile
strength and compression strength than silicone rods and silicone hollow tubes, can absorb
more compression energy. On the other hand, the spacer fabric that is inlaid with silicone



rods with high tensile strength and compression strength has the highest compressive
stiffness amongst the fabric samples.

The fabric samples with a silicone inlay show poor air permeability versus those without a
silicone inlay. The air resistance increased by 11% to 33%. Due to the presence of the silicone
tube in the connective layer of the spacer fabrics, the air permeability of the fabrics is
inhibited. Even though the air permeability of the fabric is reduced, it is still overwhelmingly
higher than the elastomeric padding materials such as chloroprene rubber. The silicone inlaid
spacer fabric can act as a cushioning material to improve breathability significantly.

The silicone inlay can also help to enhance the ability of the spacer fabric to isolate vibration.
The tuck stitches of the inlaid tubes increase the number of resonances within the spacer
structure. The tucking of the silicone hollow tubes changes not only the surface geometry
(Fig. 6) but also the vibration transmissibility of the spacer fabric.

Miss and tuck

Fig. 6. The surface thickness variation (Fabric dimensions 24.08 x18.05 mm) of silicone inlaid
samples by using (a) all miss stitches and (b) miss and tuck stitches

4.3 Performance of the developed anti-vibration glove

The vibration isolation properties of two commercial anti-vibration gloves (Samples M1 and
M2) and two developed gloves with spacer fabric padding (Sample F1) and silicone inlaid
spacer fabric padding (Sample F2) are presented in Fig. 7. F1 and F2 show better vibration
isolation in magnitude than M1 but worse than M2. All the glove is not very effective in
isolating the vibration at a low frequency below 150Hz. The effective frequency ranges for
vibration isolation of the samples are M1: 658 — 1000Hz, M2: 135-1000Hz, F1: 138-258Hz,
400-1000Hz, and F2: 69-203Hz, 248-1000Hz. The curves of F1 and F2 are similar, which
shows that silicone inlay can slightly improve the vibration isolation ability when used as the
padding of a glove with the same design. The results show that the glove samples made of
spacer fabric can have comparable vibration isolation properties with certain types of anti-
vibration gloves in the market. The developed gloves show the ability in vibration isolation
and the possibility of using spacer fabric as the padding material. Further investigation and
development on the spacer fabric structure are suggested to allow the anti-vibration glove to
be effective over a wider frequency range and isolate the vibration in a larger magnitude.
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Fig. 7. Vibration transmissibility of four anti-vibration glove samples
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