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Prediction of needle heating
in an industrial sewing machine

Adnan Mazari1, Kausik Bal2 and Antonin Havelka1

Abstract

In industrial sewing, needle heating is a key problem that limits the further increase of sewing speed, and hence the

productivity. Heat is generated during the sewing process because of friction between the needle and the sewing thread

as well as between the needle and the fabric. The high temperature of the needle affects the quality and productivity of

the sewing. The problem of needle temperature rise due to friction heat generation is considered in this paper and a

simple analytical model is developed to predict needle temperature. The predicted needle temperature is compared with

the experimental results by the inserted thermocouple method. Some of the process parameters, used as input variables,

were also measured experimentally and experimentally observed values of needle temperature were compared with the

theoretical prediction. It was observed that the temperature of the needle increases significantly with the presence of the

sewing thread. Both the theory and the experimental results show that the needle temperature increases linearly with

the machine speed within the ranges studied.
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Industrial sewing is one of the most common opera-
tions in the manufacturing of garments, shoes, uphols-
tery and technical fabrics for automobiles. Every day,
millions of products, ranging from shirts to automotive
airbags, are sewn using industrial sewing machines.
Heavy industrial sewing, such as that used in the man-
ufacture of automobile seat cushions, backs and air-
bags, requires not only high production but also high
sewing quality (i.e. better appearance and seam
strength). Typically, the material being sewn includes
single and multiple plies of fabric or leather, sometimes
backed with plastics, and needle heat-up due to needle
to fabric and needle-to-thread friction is a major pro-
blem on the sewing floor. In recent years, in order to
increase production, high-speed sewing has been exten-
sively used. Currently, sewing speeds range from 1000
to 6000 r/min. In heavy industrial sewing, typical
sewing speeds range from 1000 to 3000 r/min.

Depending on the sewing conditions, maximum
needle temperatures range from 100�C to 300�C.1

This high temperature weakens the thread, since
thread tensile strength is also a function of tempera-
ture,1 resulting in decreased production.2 In addition,

the final stitched thread has 30–40% less strength than
the parent threads.3 The very high temperature of the
needle can also damage the materials, such as some
synthetic fabrics or plastics that come in direct contact
with the needle during the sewing process. Since gener-
ally an increase in the machine speed is accompanied by
an increase in the needle temperature, an optimization
is often required. Therefore, it is important to under-
stand the causes of the heating of the needle in a sewing
machine and to be able to predict the maximum needle
temperature from the various parameters of the
machine, process and material.
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However, the measurement of the temperature of the
needle of a sewing machine during its operation diffi-
cult, since the needle moves at a very high speed4 and its
diameter is generally around 0.6–1.5mm. Nevertheless,
various methods for measuring needle temperature,
such as infrared pyrometer, thermocouple and tempera-
ture sensitive waxes, have been used. Sondhelm5 used a
lacquer painted in the needle groove to observe a
change of color with temperature. Laughlin6 tried to
measure needle temperature through infrared measure-
ment from the needle using a lead-sulfide photocell.
Recently, Yukseloglu et al.7 observed the needle tem-
perature by thermal camera for polyester blend fabrics
for a sewing speed of 3000 r/min using a chromium
needle and the emissivity was considered as 0.07. For
infrared temperature measurement, there is a problem
in calibration because the amount of radiation emitted
at a higher temperature depends on the surface char-
acteristics.8 The emissivity of each needle must be deter-
mined individually and, indeed, the emissivity might
change during the high-speed sewing process. Another
technique using thermocouples was later developed by
Dorkin and Chamberlain.9 As a result of such variety
of measuring methods used by various researchers, it is
sometimes difficult to compare the results
reported in the literature. Nevertheless, as a result of
improved understanding of the causes of sewing
damage, many technical developments, such as
improved needle design10 fabric finishes,11 thread lubri-
cation and needle coolers,12–15 have taken place over
the years.

There are few theoretical models available to predict
sewing needle temperature.4,8,16,17 Trung and Kùs16

used the finite element analysis (FEA) model, while Li
and Liasi4 and Howard and Parsons17 have used ana-
lytical as well as FEA models and reported that the
FEA approach gives much better accuracy compared
to their analytical models, which had an average error
of 25%, but these methods cannot be used easily on the
sewing floor to predict the needle temperature.

In the present study, therefore, the objective is to
analyze the heat generation and transfer mechanism
during sewing in an industrial sewing machine and to
develop a simpler model for prediction of maximum
temperature of a needle within a 15% error.

Theoretical model

Analytical models offer simplicity and fewer computa-
tional demands. On the other hand, numerical simula-
tion gives better accuracy but is complicated and time
consuming. In this study, unlike the previous models,
two sources of frictional heating have been considered
as a general case. The two sources are one due to con-
tact friction between the needle surface and the fabric

and the other due to contact friction between the inner
edge of the needle eye and the sewing thread.

In this model, the following assumptions are used.

. Needle, sewing thread and fabric are all at room
temperature Ti initially before the sewing starts.

. The needle has uniform material properties through-
out its length and can be assumed as a cylinder.

. The thermal conductivity of needle material �N is
much higher than the thermal conductivity of the
sewing thread �S, as well as than the thermal con-
ductivity of the fabric �F. Here it is implicitly
assumed that both the yarn and fabric can be
assumed to have lumped thermal properties, that
is, each has uniform thermal conductivities, repre-
sented by single values.

. Since the total needle surface area is small, radiation
heat loss is neglected.

. In this model, it is approximated that the friction
heat is given as Q¼F.v,1 where F is friction force
and v is the relative velocity of the rubbing surfaces.
The needle gains heat energy due to frictional rub-
bing with the fabric, where the frictional force is
denoted by FF. The needle also gains heat due to
frictional rubbing between the sewing thread and
the needle eye, where the frictional force is denoted
by FS.

. In the case of the heat generated due to frictional
rubbing between two materials, part of the generated
heat will go to one and the rest will go to the other
material. Here it is assumed that there is no other way
of heat loss at the points of friction. A partition ratio,
�, is considered to calculate the heat distribution
between the rubbing surfaces. In this study, the parti-
tion ratio is calculated using Charron’s relation18 as

� ¼
1

1þ �N

where �N ¼
bi
bN
, N denotes the needle and i denotes

the other rubbing material in contact, and b is the
thermal absorptivity of the respective materials with
the calculated value given as b ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
�� C� �ð Þ

p
,

where � is the density of the material and C is the
specific heat of the material.

. The heat partition ratio between the needle and
fabric is �FN and between the needle and sewing
thread is �YN.

Heat is generated during the sewing process as a
result of friction between the needle-fabric and
needle-yarn. In this analysis, a steady-state condition
is considered in which the amount of heat generated
by friction exactly equals the amount of heat loss by
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the needle. The complex shape of the needle is
neglected, and it is treated as a uniform cylinder.

The heat generated due to rubbing between the sur-
face of the needle and the fabric can be expressed as

QFN ¼ �FN � �FN � FFN � vFN ð1Þ

The heat generated due to rubbing between the
sewing yarn and the needle can be expressed as

QYN ¼ �YN � �YN � Ty � cos � � vYN ð2Þ

where �NY is the partition ratio of heat gain between the
needle and yarn using Charron’s relation, �FN is the
partition ratio of heat gain between needle and fabric
using Charron’s relation, �YN is the coefficient of fric-
tion between the needle and sewing thread, �FN is the
coefficient of friction between the fabric yarn and
sewing needle, FFN is the needle penetration force
with the fabric, Ty is the maximum tension of sewing
thread during the sewing cycle, �¼ 60o – the angle of
sewing thread with needle (Li and Liasi4) and vFN is the
velocity of the needle with respect to fabric. The max-
imum needle speed is a linear function of machine speed
with multiplier constant CFN. vYN is the velocity of
thread with the needle. The total heat gain by the
needle is therefore

QN ¼ QFN þQYN ð3Þ

From the first law of thermodynamics in a closed
system:

Q ¼ m� CN � T� Tið Þ ð4Þ

where m is the mass of the needle, CN is the specific heat
of the needle, T is the final temperature of the needle
and Ti is the initial temperature of the needle.

Using Equations (1)–(4):

m� cN � T� Tið Þ ¼ �FN � �FN � FFN � vFN þ �YN

� �YN � Ty � cos � � vYN

ð5Þ

The above equation, for a more precise result,
should be solved by evaluating it numerically over
time, as many of the variables present in Equation (5)
are complicated functions of time. However, in order to
simplify the calculations, the maximum values of FFN

and T will be considered here for the prediction of
maximum temperature of the needle. Similarly, the
maximum relative speed between the sewing thread
and the needle will be used as vYN. As a further approx-
imation, both vFN and vYN can be expressed as

proportional to the machine speed vM. If CFN and
CYN are the two coefficients of these proportionalities
respectively, then it can be obtained from Equation (5)
that

T� Ti ¼ B� vM ð6Þ

where

B ¼
1

m� cN
� �FN � �FN � FFN � CFN þ �YN
�

� �YN � T� cos � � CYNg

ð7Þ

Thus, Equation (6) indicates that the maximum
needle temperature is a linear function of machine
speed. The prediction of maximum temperature of the
needle from the machine speed is possible if the para-
meter B can be evaluated using Equation (7) for the
sewing process with thread:

B ¼
1

m� cN
� �FN � �FN � FFN � CFN

� �
ð8Þ

Equation (8) can be used for the calculation of para-
meter B for the sewing process without thread. This
equation will be helpful to compare the results with
the literature results, as most of the previous research
of needle temperature prediction is done for dry sewing
(without thread) due to complications in the measure-
ment of needle temperature with thread.

Material and methods

In order to verify the simplified model, an industrial
sewing machine (Brother Company, DD7100-905) was
used for experiments. This machine can run to a max-
imum speed of 5000 r/min depending on the servo
motor attached; the ideal speed for the heavy material
is 3500 r/min but in our case the total thicknesses of
fabric layers were less than 1mm, so the machine was
used for a speed of 1000–4700 r/min. The needle used
in this machine was a Groz-Becker 100/16R-type
(134x5). The sewing thread details are given in
Table 1; cotton denim fabric was used to stitch
during the experiments and the denim fabric details
are given in Table 2.

Table 1. Sewing thread used for the experiments

Thread type

Linear

density

(tex)

Twist

(t/m)

Twist direction

(ply/single)

Coefficient

of

friction �

Polyester–polyester

core spun

40� 2 534 Z/S 0.30
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Needle temperature measurement

The experimental measurement of needle temperature
with the inserted thermocouple method shows better
repeatable and reproducible results.19 In this technique
of measurement a thermocouple is inserted into the
groove of the sewing needle and soldered. The thermo-
couple is located near the eye of the needle to measure
the exact needle temperature at different sewing speeds.
This method proved to be very efficient, as it provides
continuous changes in needle temperature with respect
to sewing time and gives low standard deviation. The
thermocouple remains inside the needle groove
during the sewing process and measurements are
recorded wirelessly on a computer through a wireless
device.19,20

Sewing thread velocity measurement

During the stitch formation the bobbin assembly pulls
the sewing thread, which makes the speed of the thread

Figure 1. Analyzing the thread speed during sewing using the software i-speed 3. (Color online only.)

Figure 2. Schematic diagram of needle penetration force

measurement, where A is the needle holder in the upper jaw, B is

the needle holder, C is the needle, D is the fabric layers and E is

the fabric holder with a hole at the lower jaw.

Table 2. Fabric used for the experiments

Fabric type Weave Planar weight Ends/cm Warp count tex Weft count tex Picks/cm

Fabric

thickness

100% cotton denim 2/1 Twill 257 gm–2 25 54 46 20 0.035 cm
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higher compared to the needle speed. The thread speed
is measured experimentally by using a high-speed
camera (OLYMPUS i-speed 3) during the sewing pro-
cess. The white thread was marked with red ink at every

5 cm of its length to see the movement of thread and
distance travelled by the thread during high-speed
sewing (1000–4000 r/min). Thread velocity is not con-
stant within a stitch and is maximum when the bobbin
assembly pulls the thread downwards for the loop for-
mation. Figure 1 shows one frame of the stitch forma-
tion motion captured by a high-speed camera. Colored
marks (marked A in red color) on the sewing thread are
made to follow the motion of thread and measure the
thread velocity during stitch formation.

Needle penetration force

Fabric and needle interaction is the second major cause
of needle heating. To measure the friction forces it is
necessary to know the exact value of the normal force
acting on the needle by the fabric. The needle penetra-
tion force depends on different fabric properties, such
as fabric thickness, weave style and yarn count, and can
be measured experimentally. Some researchers21,22

have used a tensile tester with special attachments to
experimentally measure the needle penetration force.
The same technique was used in this research work to
measure the penetration force. Measurement of needle
penetration force is performed on a tensile tester
(Testometric Company). In order to hold the fabric
samples on the machine, a custom-made metal frame
with 3mm of hole for the needle passage was used on
the lower jaw of the machine. The cyclic needle pene-
tration was performed 20 times for two layers of denim
fabrics and the needle insertion speed was adjusted at
0.46m/min. The machine setup for needle penetration
force is schematically shown in Figure 2.

Friction measurement

To theoretically analyze the sewing needle temperature,
it is necessary to know the coefficient of friction
between the needle and thread for sewing.

Figure 5. Variation of force on the needle during needle insertion.

Figure 4. Variation of maximum needle speed with different

machine speeds.

Figure 3. Variation of maximum thread speed with different

machine speeds.
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The thread-to-metal coefficient of friction is measured
with instrument CTT-LH401 (Lawson-Hemphill)
according to standard ASTM D-310.

Results and discussion

The maximum thread velocity with respect to the needle
is measured using a high-speed camera and shows a
linear relation between sewing speed and maximum
thread velocity, as shown in Figure 3. It can be
observed from the figure that maximum velocity of
sewing yarn is a linear function of machine speed
with multiplier constant CYN¼ 0.0244.

Similarly, the needle penetration velocity is mea-
sured as the needle moves 23mm down and 23mm
back for one stitch formation and increase in needle
speed is linearly related to the sewing machine speed.
It can be observed from Figure 4 that the maximum
velocity of the sewing needle is a linear function of
machine speed with multiplier constant CFN¼ 0.0008.

The needle penetration force is measured by using
the special attachments to the tensile tester. The needle
is inserted in to the fabric and the penetration force is
experimentally calculated. Figure 5 shows the needle
penetration force in the fabric; the experiment is
repeated at five different places of the fabric. The
peak in the graph is the needle penetration force and
the height of the flat plateau between two peaks shows
the force acting on the needle after the fabric is punc-
tured and the needle moves across the fabric. This
needle penetration force measurement technique is
also used by some researchers21,22 and the same techni-
que is followed here, as the penetration force may
depend on needle dimensions and fabric weave struc-
ture, so it is necessary to know the exact penetration
force with the sewing needle and fabric that was used in
this study. The needle penetration force was measured
at approximately the minimum level of the needle speed
that has been considered in this study. Since no exact
relationship between the needle penetration force and
the machine speed was available from literature, and
the same study was beyond the scope of this research
work, the authors assumed that the variation of the
needle penetration force within the range of machine
speeds used in this study can be neglected. This means
that it is assumed that the error involved by assuming a
constant needle penetration force is within the overall
error between the theory and the experimental results.

The previous researchers4,19,20 have shown that the
needle temperature reaches maximum/steady-state tem-
perature after 10–15 seconds of continuous sewing. So
the sewing needle temperature was recorded after
30 seconds of continuous sewing, as measured by the

Figure 6. Comparison between theoretical prediction and experimental observation for needle temperature against machine speed.

Table 3. Experimental results of needle temperature

measurement

Machine

speed [r/min]

Without thread [�C]

(standard deviation)

With thread [�C]

(standard deviation)

1000 50 (0.57) 79 (1.15)

2000 67 (1.1) 143 (1.55)

3000 78 (1.77) 213 (1.75)

4000 92 (2.7) 255 (2.83)

4700 112 (3.4) 290 (2.89)
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thermocouple, and is shown in Table 3. It can be seen
that the heat generated by the rubbing of the sewing
thread and the needle eye contributes significantly to
the needle temperature.

Comparison of experimental results and theoretical
model

The needle temperature was calculated using
Equations 6 and 7. Figure 6 shows the comparison
of calculated values and the measured temperatures
against machine speed. Table 4 summarizes the values
used for the various parameters for this calculation.
Values for material properties, such as specific heat,
thermal conductivity and density of the needle mate-
rial, have been taken from the literature as their exact
measurement was clearly beyond the scope of this
study.

As can be seen from Figure 6, the calculated values
seem slightly lower than the actual values and such
error could be expected, since a number of approxima-
tions have been made to simplify the model and some
of the values used for the calculation were not mea-
sured but obtained from the literature. Nevertheless,
the simple theoretical model is able to indicate the
fact that the presence of sewing thread contributes to
the needle heating, which has been ignored by some
previous literature and it also gives a linear relationship
between the machine speed and needle temperature as
observed by experiments. This simple approach may be
more useful for the shop floor compared to the compli-
cated numerical methods.

Table 5 shows the comparison of sewing needle tem-
perature (without thread) by other researchers and the
present analytical model. Most of the researchers have
predicted needle temperature at a low speed of sewing
and without thread due to complicity in predicting the
effect of sewing thread in needle heating. It may be
mentioned here that all of these alternative methods
require knowledge of several material and process para-
meters for the respective calculations. The needle pene-
tration force is required for the presented model, which

Table 4. Values of various parameters used for the theoretical

prediction

Property Symbol Value Unit

Heat partition ratio (fabric

& needle)18
�NF 0.979871 –

Heat partition ratio (yarn

& needle)18
�NY 0.969961 –

Density of the thread23 Py 1400 Kg/m3

Specific heat of the

thread24
Cy 750 J/KgK

Thermal conductivity of

the thread25
Ky 0.15 W/mK

Density of the fabric

yarn26
Pf 1540 Kg/m3

Specific heat of the fabric

yarn24
Cf 750 J/kgK

Thermal conductivity of

the fabric yarn24
Kf 0.06 W/mK

Density of needle27 Pn 7850 kg/m3

Specific heat of the

needle27
Cn 523 J/kgK

Thermal conductivity of

the needle27
Kn 40 W/mK

Friction coefficient-needle

and thread [experi-

mental value]

�FN 0.3 –

Friction coefficient-needle

and fabric yarn

[experimental value]

�fy 0.45 –

Maximum thread

tension28,29
Ty 1.1 N

Needle velocity [experi-

mental value]

vN 2.3 m/sec

Machine speed Vm 1000–4700 r/min

Needle and thread, angle

of contact4
� 60 o

Normal frictional pene-

tration force to needle

from fabric [experi-

mental value]

FNF 3.3 N

Table 5. Needle temperature comparison with previous researcher’s results (without thread)

Machine

speed

[r/min]

Experimental

results1,8

[�C]

Sliding contact

model1

[�C]

Lumped variable

model1

[�C]

Finite element

analysis

[FEA]4 [�C]

Present analytical

model (without

thread) [�C]

500 77 109 110 87 69

1000 117 145 140 127 112

2000 170 197 195 180 198
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is obtained from literature21,22 according to the fabric
used by the researchers.

Conclusions

Friction between the needle and sewing thread is one of
the major sources of needle heating. In general, the
needle heating is a complicated heat transfer problem.
In this work, a simple analytical model was developed
to calculate the needle temperature at steady state from
a set of parameters including friction coefficients, fric-
tion forces and thread tension, and a simple linear
equation was obtained with machine speed as the inde-
pendent variable. Suitable experiments were carried out
to measure the needle temperature using thermocou-
ples. Some of the other process parameters used in
the model were also measured to finally calculate the
predicted needle temperature at a given machine speed.
The important role of the sewing thread in contributing
towards the needle temperature was also established
both theoretically and experimentally. The results indi-
cate that the maximum needle temperature at steady
state is a linear function of the machine speed within
the range studied in this work, and this linearity is
explained by the simple analytical model.

The study shows that the maximum needle tempera-
ture against the machine speed can be predicted by
simply fitting a linear trend line both without the
sewing thread and with the sewing thread. Moreover,
the sewing thread causes a higher rate of increase of
maximum needle temperature with respect to increasing
machine speed. The simple analytical model can explain
the heating behavior of the needle with respect to var-
ious machine and material parameters.

The presented analytical model does not require
extensive computation. As a result, it can be used to
estimate the needle temperature on the sewing floor,
provided certain material and process parameters as
shown in Table 4 are available, and provide valuable
information for optimizing the industrial sewing
operation.
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