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Abstracts

This study reports on the development of intelligent clothing using a shape memory alloy (SMA) that
forms a still air layer and provides thermal insulation depending on the environment temperature. SMA
springs were prepared with Nitinol and have an original length of 6mm and a latent length of 20mm with
a response temperature of 24.5°C. Hysteresis was evaluated at a temperature between 0°C and 40°C. An
experimental outdoor jacket that was attached with 30 springs was compared with a commercial jacket in
terms of the microclimate temperature, humidity, and comfort properties by human subject tests in the
microclimate chamber set at 5+0.5°C. The results showed that the microclimate temperature of SMA
embedded clothing system from the wear trials was higher than the commercial ones during the rest period
after exercise, especially on the skin side. In addition the thermal, humidity, and comfort sensations of
SMA embedded clothing were better than the commercial ones.
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Fig. 1. Test garment and location of a sensor.
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Table 1. Characteristics of garment fabrics

1 Undershirt Wicking Nylon 41% 0.58 137
PU 7%
Nylon 63%
2" Zip-up Shirt - Insulation PET 19% 0.91 318
PU 18%
3" Vest Insulation High performance PET 100% 1.24 158
4" Outer Jacket . PET 100% (lining)
(e-PTFE laminated) | \veather Protection PET 100% (shell) 0.55 531
Above 24.5°C Below 24.5°C

20mm

>
6mm

Fig. 2. Two-way effect of SMA (Shape Memory Alloy).

20mm

Table 2. Characteristics of SMA springs
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Fig. 3. HCE simulator (U.S. Patent Pending 10/1896.876, 2004; Korea Patent No. 0483996, 2005).
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Fig. 4. Attachment of SMA onto the experimental

clothing.
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1. Skin
. 2. Temperature sensor 1 layer
3. Undershirt
4. Temperature sensor 2" layer
6 8 c Cold ezxsvoicr(;nment 5. Zip-up shirt
6. Temperature sensor 3 layer
7. Vest
8. Temperature sensor outermost layer
9. Outer jacket
Fig. 5. Layer layouts of test fabrics and sensors.
Environmental : : : . ...............
Temp K—-—-—-—-———— 22°C—H4—-———I—- 5°C, 40%RH ——-—-—-ﬁ' 22°C
Action L\ ‘i\ :R' E\ E'\ ...............
Periodi } } |--| E...I.I .............
E 3 isei 59101112213151
Time 30min IOminé 15min : 20min 10min .. ...............
Fig. 6. Subjective test protocol.
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Fig. 7. Microclimate temperature of the outermost air layer at the environmental temperature of 17°C, 14°C, 11°C,
8°C, and 5°C.
30
——
) yant
20
E 4mm
S 15
2
3 4
10 : /
5
0
40 35 30 25 20 15 10 5 0
Temperature (°C)
Fig. 8. Hysteresis of SMA.
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Fig. 9. Microclimate temperature of SMA attached and control clothing.
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Fig. 10. Microclimate humidity of SMA attached and control clothing in the outermost layer and 1% layer.
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Fig. 11. Thermal, humidity and comfort sensation of SMA attached and control clothing.
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