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Abstract
The needs concerning gloves in key military tasks were determined. A good combination consists of an inner glove, mitten shell and insert combination, fingered winter glove with membrane and extreme cold weather mitten. According to questionnaires most tasks in all task groups were carried out barehanded due to gloves affecting the performance. Cold caused greatest problems in the task groups of shooting, communications and repairs. The thermal insulation of the gloves was measured using a standardised hand model and contact cooling speed with a finger model. According to these the addition of glove layers increased the thermal insulation when dry. When damp and in windy conditions the effect of layers decreased because damp inner gloves conduct heat. Adding a membrane increased thermal insulation in damp measurements, the effect on mittens being 42 %. Contact cooling was distinctly quicker with fabric gloves than with leather ones.

Survival and performance using seven different glove combinations was (+2 °C and -20 °C, 2 m/s) using six volunteers. The effect of glove thickness and finger skin temperatures on shooting accuracy, loading and survival was determined. Gloves had a significant statistical meaning on the results. The inner glove can be considered the best and the fingered winter glove with lining the worst. From gloves with different trigger finger solutions, results were least affected using a knitted trigger finger mitten. The results in the loading test decreased as the thickness of the glove increased. The effect of hand temperature on the diameter of the shooting pattern could be determined at 1,5 mm/°C. The time spent on loading using leather gloves grew by 50 % in warm and 30 % in cold (-20 °C) compared to barehanded times. By using the glove correctly the hand skin temperature could be lifted by 5 °C. According to reference values finger temperatures can be kept at over 0 °C at ambient temperatures over -10 °C wearing the gloves used. At temperatures of -20 °C frostbite to the hands is likely if heat production of the subject drops below 200 W. Even using good gloves light work can not be done for more than 2 - 4 hours in -20 °C. Concerning individual gloves better protection of the wrist, choosing the right size of glove, use of inner gloves, development of a lined glove with membrane, use of membrane in mitten shell and insert combination and use of trigger finger mitten in connection with mitten shells still need considering.
1.0
INTRODUCTION
The aim of this research project was to improve hand performance in cold conditions [1, 2].  Due to marked cold problems in hands, a hand wear system for different conditions was developed in co-operation with Finnish Defence Forces in the area of the Northern Finland among conscripts, during military exercise and in the cold laboratories.
2.0 METHODS

Both human and material measurements were performed in this project. Questionnaires and physiological measurements were used in human studies. In physiological measurements, carried out either in field or laboratory, skin temperature and physical performance were determined. Material measurements were performed by using thermal manikin, sweating hot plate as well as hand models [3, 4].


Figure 1: Study design
3.0 RESULTS

Because the performance of hands is of vital importance [1,2], we tested in laboratory and field tests both survival and dexterity of developed gloves for military tasks. The aim was to determine the system of hand wear suitable for temperature range from -40 C to 30 °C. To find out the solution we made field queries, clothing physiological measurements, performance and survival tests. 

The needs concerning gloves in key military tasks were determined. A good combination of hand wear for winter use consists of an inner glove, a mitten shell and an insert combination, fingered winter glove    with membrane and extreme cold weather mitten put on the normal hand wear. According to questionnaires most tasks in all task groups were carried out barehanded (40 - 70 %) due to gloves affecting the performance. Cold caused greatest problems in the task groups of shooting, communications and repairs.
Table 1. The effect of different parameters on thermal insulation of fingered gloves 
               and mittens (%). Wind was 4 m/s (3).

	Parameter
	Finger.glove
	wind
	wind
	mitten
	wind
	wind

	
	dry ( %)
	     wet ( %)
	   wet ( %)
	  dry ( %)
	    dry ( %)
	     wet ( %)

	Effect of wind
	-45
	
	
	-27
	
	

	Thin underglove
	10
	34
	16
	13
	15
	-10

	Lining
	22
	54
	21
	
	
	

	Inner mitten
	
	
	
	46
	62
	61

	Membrane
	10
	14
	16
	8
	7
	11


The thermal insulation of the gloves was measured using a standardised hand model and contact cooling speed with a finger model. According to the measurements, the addition of glove layers increased the thermal insulation when dry. In damp and in windy conditions the effect of layers decreased because damp inner gloves conduct heat. Adding a membrane increased thermal insulation in damp measurements, the effect on mittens being 42 %. Contact cooling was distinctly quicker with fabric gloves than with leather ones.

Figure 2: Shooting pattern in different conditions, Lazle riffle N=6.

Table 1. Typing time, error % and subjective opinion.

	 
	 PP-under 

 glove
	 Leather 

 glove
	 Leather glove   

 (lining)

	Time (s)
	 45 ± 6
	 52 ± 6
	 53 ± 6

	Average error-%
	 3
	 31
	 66

	Superiority
	 1
	 2
	 3

	Subj. opinion
	 
	 
	 

	    Thickness
	 5
	 2
	 2,5

	    Dexterity
	 4
	 2
	 1,5

	    Accuracy
	 4
	 1,5
	 1


Survival and performance using seven different glove combinations were tested (+2 °C and -20 °C, 2 m/s) with six volunteers. The effect of glove thickness and finger skin temperatures on shooting accuracy, magazine loading and survival was determined. Gloves had a significant statistical effect on the results. The thin inner glove can be considered the best and the fingered winter glove with lining the worst. The lining decreases the performance measured as time delay by 11 % and the stiffness of glove material by 18 %. From gloves with different trigger finger solutions, results were least affected when a knitted trigger finger mitten was used. The performance in the loading test decreased as the thickness of the glove increased. The effect of hand temperature on the diameter of the shooting pattern was 1.5 mm/°C. The time spent on loading when using leather gloves grew by 50 % in warm and 30 % in cold (-20 °C) compared to barehanded times. In cold conditions thin inner glove didn't decrease the performance but it increased finger temperature. By using the glove correctly the hand skin temperature could be lifted by   15 °C in short term and 5 °C in long term exposure.
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Figure 3. Contact cooling with mitten, finger model.


Figure 4. Skin temperature of finger with winter mitten in cold exposure.
According to reference values finger temperatures can be retained above 0 °C at ambient temperatures over -10 °C wearing the recommended gloves. At the temperatures of -20 °C frostbite in hands are likely, if heat production of the subject drops below 200 W. Even with good gloves light work can not be done longer than 2 to 4 hours in -20 °C.  Thermal balance of the body effects on finger temperature 10 to 15 °C [5].

4.0 Discussion and conclusions

According to the field questionnaires the hand wear needed development most often. Especially exact work in wet condition was the most problematic and very often these tasks were done barehanded. However, at temperatures of -20 °C frostbite of the hands is likely, if heat production of the subject is low. The thermal balance of the body effected on the finger temperature more than by 10 °C. The effect of lining and semipermeable lining was also important on thermal insulation. Although gloves always decrease the performance of hands, it also improves it in cold conditions by raising the skin temperature [1,5]. 

Concerning individual gloves, better protection of the wrist, choosing the right size of glove, use of inner contact gloves, development of a lined glove with membrane, use of membrane in mitten shell and insert combination and use of trigger finger mitten in connection with mitten shells still need to be considered.
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