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Abstract: Industry of textiles with integrated electronic
devices (e-textiles) develops rapidly during last two
decades [1]. These textiles have the characteristics of
softness, lightweight, and breathability and, thus, the
potential for realizing comfort in wearable electronics.
Accordingly, intensive endeavors have been devoted to
developing fully textile sensors as well as corresponding
energy harvesting devices, known as triboelectric
nanogenerators (TENGSs). Textile-based TENGs (t-
TENGs) are most suitable for application in smart
garments because they can be naturally integrated into
apparel and do not have negative influence on its
consumer properties and comfort [2]. So far, a relatively
small number of studies have been devoted to t-TENGs
development regarding of different materials, structures

or fabrication methods [3].

The present study is devoted to the development of a
new fully knitted electroactive motion sensor based on
the triboelectric effect using only commercially available
yarns for knitting. Due to its special design, this sensor
can be seamlessly integrated into knitwear as a design
element without compromising comfort and can be made
during the knitwear manufacturing process.

The sensor structure is knitted on a hand-driven flat
knitting machine in plain jersey using 4-ply polyester
(220 tex), 2-ply polyamide (200 tex) and double wound
4-ply silver-coated polyamide yarn (130 tex). The stitch
density is 6x4 per square centimeter.

The sensor structure, as illustrated in Figure 1, includes
dielectric (A, B) and conductive (E) stripes sequentially
knitted in a specific order (A-E-B-E-A). Dielectrics A and
B must have opposite charge affinities according to the
triboelectric series, and dielectric C must have a neutral
charge affinity. Material selection ensures that when
dielectric C is in contact with A, it becomes positively or
negatively charged, and when in contact with B, it
acquires an opposite charge. Coming into contact with
the conductive stripes E, charged C induces the
displacement of the charge through the load resistance
R, which is detected by the voltmeter V. The total
amount of moving charge is calculated as an integral of
VIR.

Such structures show sensitivity to the peculiarities of
movement of dielectric C (pressure between materials,
speed of movement, geometry of stripes, etc.), which
allows it to be used as the electroactive sensor of
movement, which is an integral part of clothing and does
not require special maintenance and further utilization.
As an example, Figure 2, (a) shows the dependence of
the generated voltage pulse on the pressure between
the moving part C and the knitted strip structure, as well

as the dependence of the induced charge on the speed
of the part C motion for different widths of the electrodes
E (Fig.2, b).

Keywords: smart garment, self-powered structures,
triboelectric effect.
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Figure 1 Principial scheme of the electroactive knitted sensor and
measurement of induced voltage pulses
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Figure 2 Induced voltage pulses as a function of pressure
between knitted fabrics (a) and the amount of the induced charge
as a function of the speed of relative motion of part C (b) for
different width of electrode: E1 — 2.5mm; E2 — 4.0 mm; E3 - 6.0
mm; E8 — 17.0 mm.
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