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Fabric Factors Affecting Needle Temperature
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In our previous paper, the needle temperature was theoretically derived as the equation. The
unknown parameters of the equation, Q, heat flow into the needle and k, a constant relating to the
coefficient of heat transfer, were determined to fit calculated values to the temperature curve of the
needle obtained in the experiment.

This study has been carried out under the same method as the previous paper for as many as 27 kinds
of fabrics. The discussion is held about the relation between fabric factors and Q and k. Conse-
quently, Q/(@mCp), temperature increase (m and Cp are mass and heat capacity per unit mass of the
needle, respectively), increases with the increase in the values of weight, packing volume and shear
stiffness of fabrics. k/kc, heat transfer into the fabric (kc is same definition as k, but it is measured
by taking away fabric.), increases with the increase in the values of shear stiffness of woven
fabrics, and the increase in the values of weight, tensile energy and thermal conduction of knitted
fabrics. '

The equilibruim temperature of the needle is estimated by the experimental equation using the values
of fabric factors.
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Table 2. Material and Structure Factor of Fabric Samples
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Table 1. Condition of Sewing Machine

sewing needle DBx1, 14
radius of throat hole 2mm

pressor foot Tefron pressor foot

sewing speed 700rpm
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Density D
Sample name Material Weave \\;?VVZZC\ZS:C Thickness T | Weight W
(%) (inch™!) (mm) | (g/m?)
NO1 Cotton 100 Plain weave 133 67 0.31 124.6
NO2 Cotton 100 Satin weave 129 106 0.38 116.2
NO3 Cotton 100 Twill weave 55 42 0.97 388.4
NO4 Cotton 70 Acrylic 30 Twill weave 66 57 0.65 155.9
NOS5 Wool 100 Plain weave 81 59 0.34 111.9
NO6 Wool 100 Twill weave 106 74 0.71 282.9
_NO7 Wool 100 Twill weave 59 49 1.10 283.4
NOS8§ Wool 100 Plain weave 36 30 1.57 456.1
NO9 Hemp 100 Plain weave 78 59 0.23 121.9
NO10 Polyester 100 Plain weave 128 76 0.09 48.8
NO11 Polyester 100 Derivative weave 183 107 0.40 173.8
NO12 Polyester 100 Twill weave 102 81 0.48 203.9
NO13 Polyester 100 Derivative weave 158 79 0.50 192.8
NO14 Nylon 100 Plain weave 148 86 0.11 64.3
NO15 Acrylic 100 Plain weave 101 71 0.38 103.8
NO16 Cotton 100 Plain Stitch 44 43 0.58 123.7
NO17 Cotton 100 Interlock Stitch 41 37 0.93 193.3
NO18 Cotton 92 Polyurethane 8 Rib stitch 61 49 1.57 376.3
NO19 Cotton 60 Polyester 40 Plain Stitch 39 42 0.60 154.9
NO20 Wool 100 Interlock Stitch 43 39 0.86 243.8
NO21 Wool 100 Interlock Stitch 46 43 0.89 278.2
NO22 Polyester 100 Ponti de roma 40 52 0.84 230.6
NO23 Polyester 100 Miano rib 31 30 1.03 221.4
NO24 Polyester 100 Ponti de roma 30 28 1.10 200.4
NO25 Acrylic 90 Wool 10 Ponti de roma 33 40 1.22 251.0
NO26 Acrylic 80 Wool 20 Interlock Stitch 32 27 0.89 194.4
NO27 Acrylic 70 Wool 30 Interlock Stitch 34 29 0.65 216.9
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Fig'.l. Needle temperature, T-time curves
X, <, 0O; measured needle temperature of
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samples, NO22, NO3 and NOI14, respectively
solid line; caluculated needle temperature

Table 3. Correlation Coefficients between Temperature Increase, Q/(mCp), k/kc (k and kc; Constant Relatlng to
the Coefficient of Heat Transfer) Equilibrium Temperature, Te (cal.) and Fabric Factors

woven fabric knitted fabric
Q/(mCp) k/kc Te(cal.) Q/(mCp) k/kc Te(cal.)
Density D * *
-0.004 -0.613 0.248 0.609 0.547 0.486
Thickness T * * *
0.524 0.497 0.375 0.610 0.459 0.583
Weight w Kk * sk * *
0.698 0.471 0.554 0.751 0.640 0.680
Packing PF
factor -0.124 —0.447 -0.024 0.129 0.155 0.119
Packing \" dox * * *
volume 0.657 0.463 0.524 0.685 0.549 0.659
Tensile WT *k
energy 0.004 0.075 -0.026 0.549 0.727 0.379
Bending B Aok *
rigidity 0.645 0.550 0.430 0.531 0.311 0.494
Shear - G * * *k *%
stiffness 0.605 0.525 0.394 0.787 0.259 0.820
Compressional WC
energy - 0.399 0.229 0.344 0.038 0.128 0.004
Friction MIU *
coefficient 0.399 —0.346 0.588 -0.166 -0.155 -0.187
Roughness SMD .
—0.285 0.312 —0.364 0.423 0.017 0.478
Thermal K .
conductivity 0.200 —0.120 0.226 0.471 0.549 0.330
Thermal condu- KV *% *k *
ction quantity 0.510 0.254 0.440 0.770 0.717 0.672
Q/(mCp) i * sk
1.000 0.349 0.949 1.000 0.648 0.971
k/ke
1.000 0.072 1.000 0.472
k *% sksk
0.891 0.405 0.954 0.494
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Fig. 2. Relationship between temperature in-

crease, Q/(mCp) and weight, W
o;woven fabric, /\ ;knitted fabric
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Fig. 3. (a) Constant relating to the coefficient of
heat transfer, k and kc of sample. sample
is taken away for kc.

(b) k/kc of sample

m;kc of woven fabric, A ;kc of knitted
fabric
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Fig. 4. Relationship between temperature increase,
Q/(mCp), constant relating to the
coefficient of heat transfer,k and
equilibruim temperature of needle, Te(cal.)
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