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Abstract
   Effects of needle-punching and thermo-bonding on tensile property, air permeability, puncture resistances and EMI shielding effectiveness were discussed for carbon-reinforced composite and glass-reinforced composite. The result shows that, needle-punching significantly improves static and dynamic puncture resistances. As increase of needle-punched density, static and dynamic puncture resistances show firstly increasing and then decreasing trend. Thermo-bonding almost has no influence on static puncture resistance, but effectively decreases dynamic puncture resistance. Comparatively, carbon-reinforced composite shows higher static and dynamic puncture resistances than glass-reinforced composites when being needle-punched at 200 needles/cm2. Meanwhile, carbon-reinforced composite has superior EMI shielding effectiveness to 40 dB～60 dB at frequency of above 1GHz, reaching 99.99% shielding efficacy.  
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Introduction
   Under limits of manufacturing technology, the multi-function is difficult to achieve by using homogenous materials. Accordingly, composite materials have become the excellent candidates in multi-functional applications. In recent years, increasing international threats and violence makes stab protection critical for those who work in life-threatening environments such as jail, public enforcement, and personnel security. Workers in the manufacturing industries and people in everyday situations are also subjected to dangers from sharp objects. Moreover, in addition with sharp-edged threats, peoples are also subjected to electromagnetic radiation not only in working conditions, but also in everyday life. Therefore, research on both of EMI shielding effectiveness and stab resistance property has gained much attention in recent years.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]    Since Pu Pont’s development of Kevlar, numerous stab-resisting body armor have been introduced employing different fiber reinforced composites. Recently, many researchers have devoted to studies on improving body armors that made by multiple layers of p-aramid fabric using compound methods, encompassing thermoset resin impregnation [1], thickening fluid treatment [2-5], ceramic coating [6], and thermoplastic-film adhesion [1, 7]. With these methods, interspaces are narrowed among composites and adjacent yarns are immobilized, which improves stab resistance of body armor significantly. However, these body armors make wearer uncomfortable and inflexible. In this study, the needle-punching technology using in nonwoven industries was used to penetrate high-performance staple fibers and thermal-bonding fibers into fabric, forming fabric-reinforced composites with better comfort and flexibility. 
It is known that carbon particle fillers are commonly filled into composites to achieve electromagnetic shielding property depending on their superior high conductivity and high aspect ratio [8]. More remarkably, carbon filaments addition is more effective for EMI shielding than short carbon fibers as well as particle fillers, on the condition of the same volume fraction. This has been mentioned when they are filled in thermoplastic resin [9, 10, 11] and cement matrix [12, 13]. However, these carbon reinforced composites are impossible to be inserted between body armor because they are too stiff and inflexible to wearers. In response to drawbacks that EMI shielding materials have emerged, more flexible EMI shield were produced using conductive hybrid fibers by nonwoven and co-weaving-knitting techniques [14-19]. It is referred that shielding effectiveness (SE) of these flexible EMI shields reached up to the highest, 20～30 dB, which could not satisfy the EMI protection level for technical fields. 
In this study, we focus on fabricating a flexible puncture-resisting and EMI shielding composites. For purpose of EMI shielding property, a conductive fabric, carbon woven fabric, was used as reinforcement for composites. Moreover, nonwovens were compounded with carbon fabric by needle-punching method, so that staple fibers were penetrated into interstices of fabrics, resulting in good puncture-resisting performance. In addition, thermal-bonding fibers were incorporated in nonwovens, which bonds nonwovens and adjacent yarns of woven fabric after thermal-bonding effect. The carbon-fabric reinforced composite was produced by only needle-punching effect was considered as the control group. Besides, glass-fabric reinforced composite was also compared to discuss effects of needle-punched density and thermal-bonding on puncture resistances because of its lower cost than carbon- reinforced composite. In addition, tensile strength and air permeability of composites were also discussed to meet requirements for diversified applications.

Experimental
Experimental Materials
[bookmark: OLE_LINK15][bookmark: OLE_LINK20][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Recycled Kevlar fibers (0.13 Tex, 50~60 mm length) were taken from 313.33 Tex Kevlar unidirectional selvages, which were supplied by DuPont Company, America. High-strength Nylon 6 staple fibers (supplied by Taiwan Chemical Fiber Co. Ltd., Taiwan) were 0.67 Tex in fineness, 64 mm in length and had fiber tenacity of 10 g/d, elongation of 24.7%. Low-Tm polyester fibers (manufactured by Huvis Corporation, South Korea) had the fineness of 0.44 Tex and length of 51 mm. Two types of woven fabrics, carbon fabric and glass fabric (as shown in Figure 1), were both supplied by Jinsor-Tech Industrial Corp., and their physical and mechanical properties are listed in Table 1.
 




Table 1. Physical and mechanical properties of carbon woven fabric and glass woven fabric.    
	Fabric
Type
	Yarn
Fineness
	Weight
(g/m2)
	Density
(/cm)
	Thickness
(mm)
	Tensile Strength (MPa)
	Breaking Strain (%)

	
	
	
	
	
	Warp
	Weft
	

	Carbon
	12 K
	390
	2.4×2.4
	0.60
	66.93
	66.93
	2.76

	Glass
	122 Tex
	328
	13.4×10.2
	0.31
	76.97
	65.33
	4.00
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Figure 1. Surface observation of carbon woven fabric (a) and glass woven fabric (b). 

Experimental Procedure
Fabric-reinforced composites were produced by three steps based on needle-punching and thermo-bonding techniques. Firstly, 20 wt% of recycled Kevlar fibers, 30 wt% of low-Tm polyester fibers and 50 wt% of high-strength Nylon 6 staple fibers, optimized in our previous study [20], were made into nonwoven, via processes including opening, blending, carding, lapping and pre-needling (100 needles/cm2). The mechanical property of nonwoven is displayed in Table 2. Afterwards, single layer of carbon or glass woven fabric was interlayered between double layers of nonwovens by needle-punching, respectively forming carbon-fabric reinforced composite (CRC) and glass-fabric reinforced composite (GRC), during which needle-punched densities were changed from 100, 150, 200 to 250 needles/cm2. In the manufacturing, all needle-punching process was conducted using #36 Groz-Beckert Triangle Needle. Ultimately, two different composites were hot-pressed between 1.5-mm-gap Twin-Roller Calender at 160 ℃ in velocity of 0.5 m/min, intended to increase thermo-bonding spots in composites. Also, the CRC and GRC before hot-pressing were retained to discuss hot-pressing effect on the composites. The CRC and GRC before or after hot-pressing are respectively named as non-hot-press CRC, non-hot-press GRC, hot-press CRC, and hot-press GRC. The cross sections of CRC and GRC were respectively shown in Figure 2 (a) and (b). Therein, the microscope observations of composites structure were elaborately examined in our previous studies [21, 22]. 

Table 2.  Tensile and puncture properties of Kevlar/Nylon 6/Low-Tm PET nonwoven. 
	
	Areal weight
(g/m2)
	Tensile strength (N)
	Static puncture resistance (N)

	
	
	MD            CD
	

	Nonwoven
	150
	71.355 ±7.125
	191.51 ± 21.64 
	14.36 ± 5.36
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Figure 2. Cross-section observations of CRC (a) and GRC (b).     

Measurements
Tensile Property
Single-layer CRC and GRC after being thermo-bonded or un-thermo-bonded were tested according to ASTM D5035-11 standard. The apparatus used for tensile testing is Instron 5566 Universal Tester (Instron, America) with 1 kN load cell. The samples were sized as 180 × 25 mm2, clamped between 76-mm-distance upper and lower fixtures, and then stretched at speed of 300 mm/min. During testing, load-displacement curves were displayed. The maximum tensile strength and elongation was acquired ultimately. Twelve samples, six along the machine direction (MD) and six along the cross machine direction (CD), were duplicated for the mean value.

Air permeability Property
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The air permeability was tested using Textest FX3300 (supplied by TEXTEST INSTRUMENT, Germany) based on ASTM D737-04. The air amount needs to be firstly adjusted at testing pressure of 125 MPa in order to receive more accurate air permeability value which is expressed as air amount per cm3 through per cm2 samples, namely cm3/ cm2/ s. Fourteen regions, sized as 25 × 25 cm2, were tested respectively for each sample. 

Puncture Resistance Properties
For simulating various puncture events, static and dynamic puncture resistances of hot-pressed and un-hot-pressed GRC and CRC were both evaluated in this study. Static puncture resistance was measured by Instron 5566 Universal Tester (Instron, America) at 508 mm/min, according to ASTM F1342-05. 100 × 100 mm2 samples were placed between 180-mm-diameter circular plates with 10-mm-diameter opening in the center. Probe with shaft radius of 0.25 mm, conical angle of 26° and conical diameter of 4.06 mm [23] was used as testing head whose specification is given in Figure 3(a). Ten specimens were measured for average values in each group. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Dynamic puncture resistance test of GRC and CRC was conducted on Drop-Tower machine (HungTa, Taiwan) attached with PCD300A data acquisition system, based on NIJ Standard 0115.00. In order to resist against 24 J strike energy at Protection Level 1, the spike (shaft diameter of 1.905 mm and conical angle of 24°) [24] with 2.8 kg load was freely dropped from height of 284 mm, whose dimension was shown in Figure 3(b). Samples sized as 100 mm × 100 mm were clamped between 15 cm ×15 cm square plates with 40-mm-diameter center hole. Ten specimens were measured repeatedly for the average and standard deviations.
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Figure 3. Probes using for static puncture and dynamic puncture tests. 

EMI Shielding Effectiveness (SE)
The EMI shielding measurement was conducted according to ASTM D4935. The testing system consisted of EM-2107 sample holder, Advantest R-3132 spectrum analyzer and HP 8752C personal computer, was displayed in Figure 4(a). Therein, the sample holder has 133 mm outer diameter and 33 mm inner diameter, which is given in Figure 4 (b). During testing, electromagnetic radiation was in the form of far-field plane waves. Ultimately, EMI SE vs. frequency profile was displayed on the screen of computer at scanning frequency ranging from 300 K to 3 G Hz. 
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Figure 4. Testing system and sample holder used for EMI shielding [19].

Results and Discussion
Needle-Punching and Thermo-Bonding Effects on Tensile Property
Figure 5 shows the effects of needle-punched density and thermo bonding on tensile strengths of CRC and GRC. As seen in Figure 5(a), the tensile strength of CRC decreases steadily with increase of needle-punched density both in MD and CD. That is, CRC has the maximum tensile strength when being needle-punched at100 needle/cm2. When needle-punched density is higher than 200 needles/cm2, the minimum tensile strength of CRC is lower than that of carbon fabric. This reflects that over-bonding damages the carbon fiber, thus resulting in decreased tensile strength. It is found from Figure 5(b) that tensile strength of GRC firstly increases to the maximum when needle-punched density improves to 200 needles/cm2, and then decreases when needle-punched density is over 200 needles/cm2. The difference of tensile property between CRC and GRC as related to needle-punched density from 100 to 250 needles/cm2 is due to the fact that carbon fabric has smaller breaking strain than glass fabric, as presented in Table 2. 
[bookmark: OLE_LINK25]Comparing with Figure 5(a) and (b), tensile strength of CRC and GRC regardless of CD and MD is increased after thermo bonding effect. This is because thermo bonding spots are produced, which improves strength transfer when being subjected to tensile loads. Interestingly, CRC in MD has higher tensile strength than that in CD whatever being un-hot-pressed or hot-pressed; conversely, GRC in CD shows higher tensile strength than that in MD. As displayed in Figure 6, CRC reaches the maximum tensile strength at small elongation both in MD and CD when carbon fabric endures the majority of tensile loading. For GRC, maximum tensile strength in MD happens sooner than that in CD. This demonstrates that GRC has strong bonding between glass fabric and nonwovens in particular cross-direction, which is because more staple fibers were punctured into glass fabrics in this direction. Combined with above tensile behaviors of CRC and GRC, we concluded that Carbon yarn in CD becomes widened under piercing force from needles, leading to the number of carbon yarn decreased at constant tensile width and thus producing lessening tensile strength in CD. 
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Figure 5. Tensile strengths of CRC (a) and GRC (b) being non-hot-pressed or hot-pressed after being needle-punched at various densities. 


Figure 6. Tensile strength-displacement curves for hot-press CRC and GRC, respectively needle-punched at 100 needles/cm2, and 200 needles/cm2.

Needle-Punching and Thermo-bonding Effects on Air Permeability 
The effects of needle-punched density and thermo-bonding on air permeability are listed in Table 3. It can be found that both the CRC and GRC exhibit a decreasing and then increasing air permeability with increase in needle-punched density whether being hot-pressed or not. As needle-punched density increases, the whole structure of composites becomes more and more compact, because more staple fibers among nonwovens are needle-punched into inter-space of fabrics. Therefore, the air passage becomes more torturous and thus the air permeability tends to be down [25]. However, when needle-punched density exceeds a too high value, the whole structure of composites would be damaged, thus air permeability would be conversely reduced. To sum up, air permeability property would indirectly demonstrate the fiber volume and integrity of composites.
Comparing in Table 3, CRC produces the lowest air permeability at 200 needles/cm2, but GRC emerges at 150 needles/cm2. This is due to the fact that carbon fabric has bigger yarn density than glass fabric, that is, larger interval volume holds more staple fibers of nonwovens. Furthermore, dense needle-punching effect would bring more fibers in-between fabrics, thus needle-punched density when CRC produces air permeability is higher than that GRC appears. 
 Thermo-bonding effect on air permeability is also seen from Table 3. Apparently, the air permeability is decreased for both of hot-press CRC and GRC. This is originated from two reasons. Firstly, thermo-bonding points are formed after hot-pressing effect, which would block the channel of air flow among the entirety composites. In addition, superficial pores become lessened after hot-pressing, thus less air have ability to flow into composites.

Table 3. Air permeability results of non-hot-press and hot-press CRC or GRC. 
	Needle-punched density (needles/cm2)
	Air permeability (cm3/ cm2/ s)

	
	

	
	CRC
	GRC

	
	non-hot-press
	hot-press
	non-hot-press
	hot-press

	100
	19.21±0.65
	18.63±0.73
	12.59±0.69
	10.84±0.57

	150
	18.57±0.63
	18.03±0.80
	10.98±0.5
	10.51±0.76

	200
	14.28±0.69
	13.34±0.58
	12.18±0.6
	11.55±0.73

	250
	14.38±0.50
	14.33±0.65
	13.92±0.56
	12.77±0.77



[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Needle-Punching and Thermo-bonding Effects on Puncture Resistances Properties 
Figures 7 and 8 respectively show static and dynamic puncture resistances of non-hot-press and hot-press of CRC and GRC at various needle-punched densities. It is found that regardless of being thermal-bonded, CRC and GRC needle-punched at 200 needles/cm2 occur maximum static and dynamic puncture resistances. Meanwhile, with increase of needle-punched density, static and dynamic puncture resistances both show first increase and then decrease trend. This also depends on the effect of the needle-punched density on composites structure. As needle-punched density increases, composites structure becomes more compact due to more staple fibers that were penetrated into the reinforced fabrics. Consequently, contact pressure and friction actions of composites to probe become larger, and static puncture resistance is improved accordingly [26]. However, when composites were needle-punched too dense at per area, the probe easily penetrates through composites that consisted of fractured fibers, and thus resistance of composites to puncture is decreased. 
As shown in Figure 7, the non-hot-press CRC and GRC have the maximum static puncture resistance of 101.31 N, and 59.94 N respectively, which is increased by 213%, 14.3%, as compared to non-needle-punched CRC and GRC. This reflects that needle-punched effect significantly improves static puncture resistance. For dynamic puncture property displayed in Figure 8, non-hot-press CRC and GRC have the maximum dynamic puncture resistance of 104.95 N, 93.71 N, as compared to un-needle-punched composites composed of double-layer nonwovens and one-layer Carbon or Glass fabric insertion, less than 24.99 N. This also explains needle-punched effect plays a significant role to dynamic puncture resistance.
It is also observed from Figures 7 and 8 that thermo-bonding have small influence on static puncture resistance, but significantly lowers the dynamic puncture resistance of GRC. Interestingly, non-hot-press CRC has lower dynamic puncture resistance than hot-press CRC when at 100, and 150 needles/cm2, but shows higher dynamic puncture resistance when at 200, and 250 needles/cm2. This implies that needle-punching and thermo-bonding both have obvious impact on dynamic puncture resistance property. Moreover, CRC shows dramatically higher static and dynamic puncture resistances than GRC when being needle-punched at 200 needles/cm2. Although carbon fabric was easily damaged after needle-punching, its yarn has 7~ 8 m diameter, which is much coarser than glass yarn, as revealed in Figure 1. In addition, carbon fabric has smaller cover factor than glass fabric, thus more staple fibers were penetrated from nonwovens to inter-yarn of fabric. As a result, probe has more opportunities to contact with carbon yarn, and simultaneously overcomes bigger pushing forces when probe point entered into CRC. According to above illustrations, both of static and dynamic puncture resistances of optimal CRC is higher than those of GRC. 



Figure 7. Static puncture resistance property of non-hot-press and hot-press CRC or GRC, after needle-punched at various densities.  
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Figure 8. Dynamic puncture resistance property of CRC (a) and GRC (b) being non-hot-pressed or hot-pressed. 

Needle-Punching and Thermo-bonding Effects on EMI SE
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK32][bookmark: OLE_LINK33]As shown in Figure 9, it is obvious that CRC has the EMI shielding property of 40～60 dB at above 1 GHz, which corresponds to greater than 99.99 % attenuation of EMI radiation [29]; but GRC has not ability to shield EMI regardless of non-hot-press or hot-press. Therefore, we will only discuss EMI SE of CRC in the following. 
EMI SE behaviors of CRC as related to needle-punching and thermo-bonding effects on EMI SE are respectively shown in Figure 10. As shown in Figure 10 (a), EMI SE improves by 6 dB around 0.65 GHz frequency, and decreases by 13 dB at 0.82 GHz frequency, when needle-punched density increases from 100 needles/cm2 to 150 needles/cm2. Afterwards, CRC displays identical EMI SE at the whole testing frequency. In Figure 10 (b), EMI SE of hot-press CRC is found to be almost same at the whole testing frequency, indicating that needle-punching effect have no influence on EMI SE after thermo-bonding. 



As referred in [8, 27, 28], EMI SE is the sum of reflection loss, absorption loss and multi-reflection loss, as expressed in Eq. (1):

                                             (1)
    Therefore, reflection loss and multi-reflection loss are the main mechanism to shield EMI at low-frequency. As increase in testing frequency, reflection losses are decreased, and meanwhile absorption loss becomes the main shielding mechanism at medium-high frequencies.  


Figure 9. EMI SE of non-hot-press and hot-press of CRC or GRC at needle-punched density of 200 needles/cm2. 




Figure 10. EMI SE of non-hot-press (a) and hot-press (b) CRC at different needle-punched densities.  

Conclusion
    In this study, carbon-fabric reinforced composite (CRC) and glass-fabric reinforced composite (GRC) were prepared by needle-punching and thermo-bonding effects, after that, their respective tensile strength, air permeability, static and dynamic puncture resistances, as well as EMI shielding effectiveness were discussed comparatively. 
    When needle-punched density increases from 100 to 250 needles/cm2, CRC shows a decrease to tensile strength, but GRC presents an increasing and then decreasing tensile strength. In addition, needle-punched density also has a double-faced effect on static and dynamic puncture resistances, that is, puncture resistances firstly improve and then reduce as needle-punched density increases. Thermo-bonding is positive to improvement of tensile strength, but negative to dynamic puncture resistances. Meanwhile, resistance, thermo-bonding almost plays no role to static puncture resistance, which is similar to EMI shielding. 
    Comparatively, CRC has higher static and dynamic puncture resistance than GRC when being needle-punched at 100 needles/cm2. In addition, when frequency is over 1GHz, CRC shows superior EMI SE of 40～60dB, indicating that 99.99% shielding for EMI. Therefore, resultant CRC made by in this study would be successfully used professional protective armor, and GRC would be used as interlayer for puncture-resisting armor. In the following study, we will focus on effect of number of layers on EMI shielding effectiveness and puncture resistance properties of CRC. 
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Strength (N)


CRC hot-press	10.256015308100892	8.6269616126807485	2.2791719987752792	3.6732247412866599	10.256015308100892	8.6269616126807485	2.2791719987752792	3.6732247412866599	100	150	200	250	66.75	71.13	98.817499999999995	93.9	CRC non-hot-press	2.5385133444593602	10.060776974634377	14.963581066487126	4.4338734006882365	2.5385133444593602	10.060776974634377	14.963581066487126	4.4338734006882365	100	150	200	250	71.504999999999995	74.09	101.30666666666667	96.303333333332958	GRC hot-press	6.8613315034328819	5.0186120259156803	8.8396170731543027	7.3085997290861808	6.8613315034328819	5.0186120259156803	8.8396170731543027	7.3085997290861808	100	150	200	250	47.228000000000399	52.570000000000007	64.453999999999994	57.766000000000012	GRC non-hot-press	9.9514034186138804	7.8230984910072374	3.5241866673981752	5.8831284194721833	9.9514034186138804	7.8230984910072374	3.5241866673981752	5.8831284194721833	100	150	200	250	34.736000000000011	43.178000000000011	59.947499999999998	55.25	Needle-punched Density (needles/cm2)
Static Puncture Resistance (N)

CRC hot-press	10.202124778691831	11.175867751543869	12.904780509563174	11.175867751543869	10.202124778691831	11.175867751543869	12.904780509563174	11.175867751543869	100	150	200	250	79.134999999999991	79.968000000000004	83.300000000000011	69.972000000000008	CRC non-hot-press	11.175867751543869	20.908134063086518	11.175867751544073	13.687586712054102	11.175867751543869	20.908134063086518	11.175867751544073	13.687586712054102	100	150	200	250	69.972000000000008	69.972000000000008	104.958	87.465000000000032	Needle-punched Density (needles/cm2)
Dynamic Puncture Resistance (N)

GRC hot-press	12.904780509563174	13.687586712054102	11.175867751543922	12.495000000000006	12.904780509563174	13.687586712054102	11.175867751543922	12.495000000000006	100	150	200	250	58.31	62.475000000000001	69.972000000000008	68.722499999999982	GRC non-hot-press	13.68758671205412	13.687586712054022	12.495000000000054	12.904780509563174	13.68758671205412	13.687586712054022	12.495000000000054	12.904780509563174	100	150	200	250	59.976000000000006	84.966000000000022	93.712499999999991	83.300000000000011	Needle-punched Density (needles/cm2)
Dynamic Puncture Resistance (N)

Frequency (Hz)
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EMI SE (dB)


Frequency (Hz)
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Frequency (Hz)
100 needles/cm2	300000	7799000	15300000	22800000	30300000	37800000	45300000	52790000	60290000	67790000	75290000	82790000	90290000	97790000	105300000	112800000	120300000	127800000	135300000	142800000	150300000	157800000	165300000	172800000	180300000	187800000	195300000	202800000	210300000	217800000	225300000	232800000	240300000	247800000	255300000	262800000	270300000	277800000	285300000	292800000	300300000	307800000	315300000	322800000	330300000	337800000	345300000	352800000	360300000	367800000	375300000	382800000	390300000	397800000	405300000	412800000	420300000	427800000	435300000	442800000	450300000	457800000	465300000	472800000	480300000	487800000	495300000	502700000	510200000	517700000	525200000	532700000	540200000	547700000	555200000	562700000	570200000	577700000	585200000	592700000	600200000	607700000	615200000	622700000	630200000	637700000	645200000	652700000	660200000	667700000	675200000	682700000	690200000	697700000	705200000	712700000	720200000	727700000	735200000	742700000	750200000	757700000	765200000	772700000	780200000	787700000	795200000	802700000	810200000	817700000	825200000	832700000	840200000	847700000	855200000	862700000	870200000	877700000	885200000	892700000	900200000	907700000	915200000	922700000	930200000	937700000	945200000	952700000	960200000	967700000	975200000	982700000	990200000	997700000	1005000000	1013000000	1020000000	1028000000	1035000000	1043000000	1050000000	1058000000	1065000000	1073000000	1080000000	1088000000	1095000000	1103000000	1110000000	1118000000	1125000000	1133000000	1140000000	1148000000	1155000000	1163000000	1170000000	1178000000	1185000000	1193000000	1200000000	1208000000	1215000000	1223000000	1230000000	1238000000	1245000000	1253000000	1260000000	1268000000	1275000000	1283000000	1290000000	1298000000	1305000000	1313000000	1320000000	1328000000	1335000000	1343000000	1350000000	1358000000	1365000000	1373000000	1380000000	1388000000	1395000000	1403000000	1410000000	1418000000	1425000000	1433000000	1440000000	1448000000	1455000000	1463000000	1470000000	1478000000	1485000000	1493000000	1500000000	1508000000	1515000000	1523000000	1530000000	1538000000	1545000000	1553000000	1560000000	1568000000	1575000000	1583000000	1590000000	1598000000	1605000000	1613000000	1620000000	1628000000	1635000000	1643000000	1650000000	1658000000	1665000000	1673000000	1680000000	1688000000	1695000000	1703000000	1710000000	1718000000	1725000000	1733000000	1740000000	1748000000	1755000000	1763000000	1770000000	1778000000	1785000000	1793000000	1800000000	1808000000	1815000000	1823000000	1830000000	1838000000	1845000000	1853000000	1860000000	1868000000	1875000000	1883000000	1890000000	1898000000	1905000000	1913000000	1920000000	1928000000	1935000000	1943000000	1950000000	1958000000	1965000000	1973000000	1980000000	1988000000	1995000000	2003000000	2010000000	2018000000	2025000000	2033000000	2040000000	2048000000	2055000000	2063000000	2070000000	2078000000	2085000000	2093000000	2100000000	2108000000	2115000000	2123000000	2130000000	2138000000	2145000000	2153000000	2160000000	2168000000	2175000000	2183000000	2190000000	2198000000	2205000000	2213000000	2220000000	2228000000	2235000000	2243000000	2250000000	2258000000	2265000000	2273000000	2280000000	2288000000	2295000000	2303000000	2310000000	2318000000	2325000000	2333000000	2340000000	2348000000	2355000000	2363000000	2370000000	2378000000	2385000000	2393000000	2400000000	2408000000	2415000000	2423000000	2430000000	2438000000	2445000000	2453000000	2460000000	2468000000	2475000000	2483000000	2490000000	2498000000	2505000000	2513000000	2520000000	2528000000	2535000000	2543000000	2550000000	2558000000	2565000000	2573000000	2580000000	2588000000	2595000000	2603000000	2610000000	2618000000	2625000000	2633000000	2640000000	2648000000	2655000000	2663000000	2670000000	2678000000	2685000000	2693000000	2700000000	2708000000	2715000000	2723000000	2730000000	2738000000	2745000000	2753000000	2760000000	2768000000	2775000000	2783000000	2790000000	2798000000	2805000000	2813000000	2820000000	2828000000	2835000000	2843000000	2850000000	2858000000	2865000000	2873000000	2880000000	2888000000	2895000000	2903000000	2910000000	2918000000	2925000000	2933000000	2940000000	2948000000	2955000000	2963000000	2970000000	2978000000	2985000000	2993000000	3000000000	-16.649999999999999	-21.610000000000031	-21.77	-21.72	-22.39	-20.97	-21.1	-21.479999999999986	-21.939999999999987	-20.939999999999987	-18.59	-22.74	-20.279999999999987	-20.810000000000031	-21.650000000000031	-22.310000000000031	-22.53	-22.259999999999987	-21.54	-20.86	-20.14	-19.47	-18.850000000000001	-18.36	-17.989999999999789	-17.57	-16.97	-16.02	-15.34	-14.57	-12.84	-9.7800000000000011	-5.49	-5.49	-8.5300000000000011	-12.76	-16.71	-20.190000000000001	-23.72	-28.22	-35.120000000000012	-28.759999999999987	-19.899999999999999	-13.56	-15.23	-19.610000000000031	-22.479999999999986	-24.74	-26.37	-27.74	-28.650000000000031	-29.37	-30.18	-31.3	-32.270000000000003	-33.07	-33.89	-35.190000000000012	-36.190000000000012	-37.06	-37.82	-38.550000000000004	-39	-39.89	-40.07	-41.57	-41.92	-43.11	-43.97	-45.1	-46.220000000000013	-47.42	-49.35	-50.730000000000011	-51.27	-54.190000000000012	-57.88	-59.790000000000013	-59.2	-59.68	-55.44	-52.71	-49.24	-47	-43.64	-39.43	-36.130000000000003	-34.24	-34.300000000000004	-37.200000000000003	-41.03	-44.760000000000012	-48.1	-50.760000000000012	-53.730000000000011	-58.05	-60.86	-78.11	-63.760000000000012	-53.75	-51.8	-47.77	-46.89	-46.36	-44.59	-43.71	-42.3	-41.45	-39.81	-38.39	-37.300000000000004	-36.620000000000012	-35.6	-34.880000000000003	-34.03	-33.07	-32.130000000000003	-31.18	-30.38	-29.85	-29.34	-28.64	-27.87	-27.279999999999987	-27.419999999999987	-28.22	-29.52	-31.04	-32.870000000000005	-34.81	-36.290000000000013	-37.790000000000013	-38.870000000000005	-39.46	-40.120000000000012	-40.450000000000003	-40.870000000000005	-41.260000000000012	-41.35	-40.43	-38.93	-38.03	-38.06	-40.35	-42.160000000000011	-42.92	-43.71	-44.41	-44.14	-45.44	-46.86	-48.6	-49.230000000000011	-49.41	-49.3	-49.65	-50.37	-50	-49.09	-51.68	-51.220000000000013	-49.58	-52.74	-51.56	-52.35	-53.02	-54.46	-53.27	-51.660000000000011	-51.31	-52.02	-52.51	-53.65	-54.190000000000012	-55.87	-54.17	-52.43	-53.96	-52.68	-51.59	-51.4	-50.87	-52.11	-51.89	-52.71	-51.27	-52.34	-49.660000000000011	-49.13	-49.730000000000011	-48.660000000000011	-48.690000000000012	-48.67	-47.93	-46.87	-47.93	-47.15	-46.82	-45.77	-45.54	-45.790000000000013	-44.74	-46.35	-44.24	-44.18	-43.8	-44.120000000000012	-44.37	-43.760000000000012	-44.88	-46.21	-47.36	-47.96	-48.95	-48.96	-47.64	-48.78	-48.46	-47.37	-47.660000000000011	-47.290000000000013	-47.230000000000011	-46.94	-46.38	-46.85	-46.84	-46.28	-46.67	-45.87	-46.08	-46.06	-47.04	-47.230000000000011	-48.13	-49.290000000000013	-48.38	-49.47	-48.37	-47.07	-47.99	-47.6	-47.74	-48.37	-48.98	-49.620000000000012	-50.25	-50.28	-50.81	-50.92	-51.67	-51.8	-49.99	-50.3	-52.230000000000011	-51.08	-52.88	-53.230000000000011	-55.21	-54.36	-54.28	-55.48	-52.36	-51.49	-54.48	-53.08	-52.14	-54.77	-53.1	-54.4	-51.77	-51.55	-53.13	-51.86	-54.02	-52.49	-54.25	-52.160000000000011	-52.48	-55.38	-50.88	-51.36	-52.48	-50.74	-49.09	-48.2	-48.35	-47.08	-47.2	-46.8	-45.56	-46.31	-46.660000000000011	-46.55	-45.48	-43.97	-44.160000000000011	-43.44	-44.11	-44.35	-45.120000000000012	-46.01	-45.04	-47.15	-46.24	-45.07	-45.31	-44.160000000000011	-44.08	-44.45	-44.05	-43.88	-44.35	-44.67	-45.690000000000012	-44.88	-44.120000000000012	-44.9	-45.18	-44.03	-44.06	-44.6	-44.720000000000013	-45.18	-45.58	-44.65	-44.75	-45.04	-45.5	-45.25	-45.09	-45.18	-44.1	-44.760000000000012	-45.65	-45.46	-45.14	-45.84	-45.13	-44.44	-45.260000000000012	-46.220000000000013	-44.97	-44.02	-44.81	-44.54	-44.18	-45.03	-44.34	-44.85	-44	-44.120000000000012	-43.61	-42.9	-42.68	-41.95	-41.89	-42.28	-41.38	-41.56	-40.880000000000003	-41.98	-41.17	-41.82	-41.71	-42.06	-41.59	-42.56	-42.65	-41.25	-41.54	-42.28	-41.690000000000012	-41.230000000000011	-40.01	-40.090000000000003	-39.340000000000003	-39.49	-39.75	-39.31	-38.89	-39.33	-39.14	-39.82	-40.020000000000003	-40.230000000000011	-40	-40.9	-39.870000000000005	-37.370000000000005	-37.49	-38.64	-39.260000000000012	-39.720000000000013	-40.800000000000004	-41.58	-41.85	-42.44	-43	-43.32	-43.36	-43.5	150 needles/cm2	300000	7799000	15300000	22800000	30300000	37800000	45300000	52790000	60290000	67790000	75290000	82790000	90290000	97790000	105300000	112800000	120300000	127800000	135300000	142800000	150300000	157800000	165300000	172800000	180300000	187800000	195300000	202800000	210300000	217800000	225300000	232800000	240300000	247800000	255300000	262800000	270300000	277800000	285300000	292800000	300300000	307800000	315300000	322800000	330300000	337800000	345300000	352800000	360300000	367800000	375300000	382800000	390300000	397800000	405300000	412800000	420300000	427800000	435300000	442800000	450300000	457800000	465300000	472800000	480300000	487800000	495300000	502700000	510200000	517700000	525200000	532700000	540200000	547700000	555200000	562700000	570200000	577700000	585200000	592700000	600200000	607700000	615200000	622700000	630200000	637700000	645200000	652700000	660200000	667700000	675200000	682700000	690200000	697700000	705200000	712700000	720200000	727700000	735200000	742700000	750200000	757700000	765200000	772700000	780200000	787700000	795200000	802700000	810200000	817700000	825200000	832700000	840200000	847700000	855200000	862700000	870200000	877700000	885200000	892700000	900200000	907700000	915200000	922700000	930200000	937700000	945200000	952700000	960200000	967700000	975200000	982700000	990200000	997700000	1005000000	1013000000	1020000000	1028000000	1035000000	1043000000	1050000000	1058000000	1065000000	1073000000	1080000000	1088000000	1095000000	1103000000	1110000000	1118000000	1125000000	1133000000	1140000000	1148000000	1155000000	1163000000	1170000000	1178000000	1185000000	1193000000	1200000000	1208000000	1215000000	1223000000	1230000000	1238000000	1245000000	1253000000	1260000000	1268000000	1275000000	1283000000	1290000000	1298000000	1305000000	1313000000	1320000000	1328000000	1335000000	1343000000	1350000000	1358000000	1365000000	1373000000	1380000000	1388000000	1395000000	1403000000	1410000000	1418000000	1425000000	1433000000	1440000000	1448000000	1455000000	1463000000	1470000000	1478000000	1485000000	1493000000	1500000000	1508000000	1515000000	1523000000	1530000000	1538000000	1545000000	1553000000	1560000000	1568000000	1575000000	1583000000	1590000000	1598000000	1605000000	1613000000	1620000000	1628000000	1635000000	1643000000	1650000000	1658000000	1665000000	1673000000	1680000000	1688000000	1695000000	1703000000	1710000000	1718000000	1725000000	1733000000	1740000000	1748000000	1755000000	1763000000	1770000000	1778000000	1785000000	1793000000	1800000000	1808000000	1815000000	1823000000	1830000000	1838000000	1845000000	1853000000	1860000000	1868000000	1875000000	1883000000	1890000000	1898000000	1905000000	1913000000	1920000000	1928000000	1935000000	1943000000	1950000000	1958000000	1965000000	1973000000	1980000000	1988000000	1995000000	2003000000	2010000000	2018000000	2025000000	2033000000	2040000000	2048000000	2055000000	2063000000	2070000000	2078000000	2085000000	2093000000	2100000000	2108000000	2115000000	2123000000	2130000000	2138000000	2145000000	2153000000	2160000000	2168000000	2175000000	2183000000	2190000000	2198000000	2205000000	2213000000	2220000000	2228000000	2235000000	2243000000	2250000000	2258000000	2265000000	2273000000	2280000000	2288000000	2295000000	2303000000	2310000000	2318000000	2325000000	2333000000	2340000000	2348000000	2355000000	2363000000	2370000000	2378000000	2385000000	2393000000	2400000000	2408000000	2415000000	2423000000	2430000000	2438000000	2445000000	2453000000	2460000000	2468000000	2475000000	2483000000	2490000000	2498000000	2505000000	2513000000	2520000000	2528000000	2535000000	2543000000	2550000000	2558000000	2565000000	2573000000	2580000000	2588000000	2595000000	2603000000	2610000000	2618000000	2625000000	2633000000	2640000000	2648000000	2655000000	2663000000	2670000000	2678000000	2685000000	2693000000	2700000000	2708000000	2715000000	2723000000	2730000000	2738000000	2745000000	2753000000	2760000000	2768000000	2775000000	2783000000	2790000000	2798000000	2805000000	2813000000	2820000000	2828000000	2835000000	2843000000	2850000000	2858000000	2865000000	2873000000	2880000000	2888000000	2895000000	2903000000	2910000000	2918000000	2925000000	2933000000	2940000000	2948000000	2955000000	2963000000	2970000000	2978000000	2985000000	2993000000	3000000000	-13.27	-20.5	-20.239999999999988	-19.91	-20.22	-19.690000000000001	-19.88	-19.95	-20.36	-19.959999999999987	-17.510000000000005	-20.02	-21.06	-21.18	-21.3	-21.22	-21.130000000000031	-20.84	-20.51	-19.939999999999987	-19.149999999999999	-18.39	-17.75	-17.25	-16.77	-16.079999999999988	-15.03	-13.350000000000026	-10.93	-8.76	-8.7900000000000009	-8.4500000000000028	-9.4600000000000026	-12.64	-16.7	-20.49	-23.68	-26.479999999999986	-29.35	-32.93	-39.760000000000012	-31.56	-21.55	-20.53	-24.38	-27.650000000000031	-30.01	-31.830000000000005	-33.28	-34.47	-35.190000000000012	-36.04	-36.980000000000004	-37.96	-38.93	-40.1	-40.64	-42.24	-42.84	-44.04	-45.220000000000013	-45.97	-46.36	-46.81	-48.08	-49.11	-50.7	-53.230000000000011	-52.92	-53.730000000000011	-55.93	-57.260000000000012	-51.97	-47.660000000000011	-50.27	-52.09	-53.24	-52.91	-53.04	-51.58	-50.32	-48.17	-46.31	-45.84	-46.56	-47.25	-47.35	-47.34	-45.88	-45.5	-44.790000000000013	-43.9	-42.77	-41.96	-41.230000000000011	-40.82	-39.82	-38.83	-37.620000000000012	-36.31	-35.760000000000012	-35.04	-34.36	-33.93	-33.760000000000012	-33.43	-33.21	-32.870000000000005	-32.58	-31.89	-31.130000000000031	-30.45	-29.58	-28.72	-27.779999999999987	-26.66	-25.74	-25.22	-25.330000000000005	-26.19	-27.56	-29.05	-30.58	-31.86	-33.06	-34.190000000000012	-35.11	-36.56	-38.130000000000003	-39.35	-40.840000000000003	-41.53	-42.41	-42.760000000000012	-43.4	-44.220000000000013	-43.86	-44.54	-44.760000000000012	-43.790000000000013	-43.1	-41.88	-43.03	-44.81	-45.2	-46.34	-46.31	-47.21	-48.82	-48.99	-49.87	-50.83	-53.21	-54.6	-51.51	-52.65	-52.83	-51.99	-53.44	-50.160000000000011	-53.58	-53.9	-53.44	-54.09	-53.160000000000011	-53.67	-54.120000000000012	-54.74	-54.84	-54.190000000000012	-52.77	-53.49	-53.01	-54.09	-54.21	-55.11	-54.53	-56	-54.760000000000012	-52.98	-52.31	-52.85	-53.39	-53.14	-53.84	-55	-54.2	-52.95	-52.47	-52.02	-53.42	-49.99	-50.02	-49.4	-49.4	-49.620000000000012	-48.88	-47.7	-47.98	-47.2	-46.13	-46.35	-46.11	-46.07	-45.94	-45.94	-45.720000000000013	-46.55	-45.85	-47.160000000000011	-46.71	-46.67	-46.92	-45.99	-46.82	-46.27	-46.64	-46.59	-46.38	-46.6	-46.41	-46.85	-47.290000000000013	-47.01	-47.36	-47.57	-46.57	-46.67	-45.93	-46.47	-46.34	-45.77	-48.03	-47.71	-48.02	-47.78	-47.45	-47.45	-47	-47.260000000000012	-47.2	-48.190000000000012	-46.56	-48.3	-51.89	-51.44	-52.14	-52.25	-51.660000000000011	-49.39	-49.82	-48.98	-49.790000000000013	-49.730000000000011	-50.32	-49.35	-49.87	-50.84	-50.7	-50.84	-50.78	-51.190000000000012	-50.720000000000013	-49.57	-51.760000000000012	-51.05	-54.36	-52.05	-53.17	-51.07	-52.42	-53.290000000000013	-52.34	-52.02	-50.8	-52.02	-51.78	-51.92	-54.83	-51.54	-52.91	-51.78	-51.31	-50.82	-50.38	-48.39	-49.99	-48.02	-49.06	-50.75	-49.65	-49.28	-49.88	-48.08	-49.99	-48.82	-47.730000000000011	-49.02	-48.730000000000011	-51.33	-49.31	-49.61	-51.6	-50.77	-52.620000000000012	-47.47	-51.75	-47.09	-48.28	-49.08	-49.48	-47.55	-49.41	-48.56	-49.49	-47.45	-46.95	-48.75	-47.08	-47.67	-47.09	-46.21	-47.13	-46.45	-47.68	-46.39	-48.57	-46.95	-46.97	-45.91	-45.17	-45.85	-45.57	-45.03	-44.98	-45.44	-44.6	-45.15	-44.51	-44.63	-44.690000000000012	-44.34	-43.58	-43.4	-43.690000000000012	-41.95	-43.54	-43.67	-43.31	-44.06	-43.45	-43.14	-43.11	-42.34	-42.81	-42.27	-41.82	-42.4	-41.78	-42.31	-42.55	-42.690000000000012	-42.45	-41.99	-41.48	-42.34	-41.260000000000012	-41.2	-43.27	-42.55	-43.17	-42.92	-43.03	-41.92	-41.1	-41.8	-41.160000000000011	-40.75	-41.06	-40.86	-40.880000000000003	-40.6	-41.27	-40.98	-41.75	-40.71	-41.65	-41.99	-40.98	-41.54	-41.99	-42.1	-44.63	-44.24	-45.03	-45.64	-45.32	-45.44	-45.55	-44.52	-44.190000000000012	200 needles/cm2	300000	7799000	15300000	22800000	30300000	37800000	45300000	52790000	60290000	67790000	75290000	82790000	90290000	97790000	105300000	112800000	120300000	127800000	135300000	142800000	150300000	157800000	165300000	172800000	180300000	187800000	195300000	202800000	210300000	217800000	225300000	232800000	240300000	247800000	255300000	262800000	270300000	277800000	285300000	292800000	300300000	307800000	315300000	322800000	330300000	337800000	345300000	352800000	360300000	367800000	375300000	382800000	390300000	397800000	405300000	412800000	420300000	427800000	435300000	442800000	450300000	457800000	465300000	472800000	480300000	487800000	495300000	502700000	510200000	517700000	525200000	532700000	540200000	547700000	555200000	562700000	570200000	577700000	585200000	592700000	600200000	607700000	615200000	622700000	630200000	637700000	645200000	652700000	660200000	667700000	675200000	682700000	690200000	697700000	705200000	712700000	720200000	727700000	735200000	742700000	750200000	757700000	765200000	772700000	780200000	787700000	795200000	802700000	810200000	817700000	825200000	832700000	840200000	847700000	855200000	862700000	870200000	877700000	885200000	892700000	900200000	907700000	915200000	922700000	930200000	937700000	945200000	952700000	960200000	967700000	975200000	982700000	990200000	997700000	1005000000	1013000000	1020000000	1028000000	1035000000	1043000000	1050000000	1058000000	1065000000	1073000000	1080000000	1088000000	1095000000	1103000000	1110000000	1118000000	1125000000	1133000000	1140000000	1148000000	1155000000	1163000000	1170000000	1178000000	1185000000	1193000000	1200000000	1208000000	1215000000	1223000000	1230000000	1238000000	1245000000	1253000000	1260000000	1268000000	1275000000	1283000000	1290000000	1298000000	1305000000	1313000000	1320000000	1328000000	1335000000	1343000000	1350000000	1358000000	1365000000	1373000000	1380000000	1388000000	1395000000	1403000000	1410000000	1418000000	1425000000	1433000000	1440000000	1448000000	1455000000	1463000000	1470000000	1478000000	1485000000	1493000000	1500000000	1508000000	1515000000	1523000000	1530000000	1538000000	1545000000	1553000000	1560000000	1568000000	1575000000	1583000000	1590000000	1598000000	1605000000	1613000000	1620000000	1628000000	1635000000	1643000000	1650000000	1658000000	1665000000	1673000000	1680000000	1688000000	1695000000	1703000000	1710000000	1718000000	1725000000	1733000000	1740000000	1748000000	1755000000	1763000000	1770000000	1778000000	1785000000	1793000000	1800000000	1808000000	1815000000	1823000000	1830000000	1838000000	1845000000	1853000000	1860000000	1868000000	1875000000	1883000000	1890000000	1898000000	1905000000	1913000000	1920000000	1928000000	1935000000	1943000000	1950000000	1958000000	1965000000	1973000000	1980000000	1988000000	1995000000	2003000000	2010000000	2018000000	2025000000	2033000000	2040000000	2048000000	2055000000	2063000000	2070000000	2078000000	2085000000	2093000000	2100000000	2108000000	2115000000	2123000000	2130000000	2138000000	2145000000	2153000000	2160000000	2168000000	2175000000	2183000000	2190000000	2198000000	2205000000	2213000000	2220000000	2228000000	2235000000	2243000000	2250000000	2258000000	2265000000	2273000000	2280000000	2288000000	2295000000	2303000000	2310000000	2318000000	2325000000	2333000000	2340000000	2348000000	2355000000	2363000000	2370000000	2378000000	2385000000	2393000000	2400000000	2408000000	2415000000	2423000000	2430000000	2438000000	2445000000	2453000000	2460000000	2468000000	2475000000	2483000000	2490000000	2498000000	2505000000	2513000000	2520000000	2528000000	2535000000	2543000000	2550000000	2558000000	2565000000	2573000000	2580000000	2588000000	2595000000	2603000000	2610000000	2618000000	2625000000	2633000000	2640000000	2648000000	2655000000	2663000000	2670000000	2678000000	2685000000	2693000000	2700000000	2708000000	2715000000	2723000000	2730000000	2738000000	2745000000	2753000000	2760000000	2768000000	2775000000	2783000000	2790000000	2798000000	2805000000	2813000000	2820000000	2828000000	2835000000	2843000000	2850000000	2858000000	2865000000	2873000000	2880000000	2888000000	2895000000	2903000000	2910000000	2918000000	2925000000	2933000000	2940000000	2948000000	2955000000	2963000000	2970000000	2978000000	2985000000	2993000000	3000000000	-12.67	-20.72	-20.779999999999987	-20.420000000000002	-20.3	-19.8	-18.8	-18.88	-21.57	-23.52	-23.45	-22.02	-21.630000000000031	-21.259999999999987	-21.09	-20.91	-20.72	-20.43	-20.239999999999988	-20.12	-19.53	-18.989999999999789	-18.510000000000005	-18.130000000000031	-17.86	-17.510000000000005	-16.920000000000002	-15.9	-14.57	-13.34	-10.81	-6.8599999999999985	-2.16	-3.56	-8.4600000000000026	-13.33	-17.459999999999987	-21.08	-24.6	-28.97	-35.630000000000003	-27.95	-19.610000000000031	-14.79	-17.329999999999988	-21.18	-23.71	-25.82	-27.34	-28.66	-29.71	-30.610000000000031	-31.439999999999987	-32.410000000000004	-33.230000000000011	-34.24	-35.14	-36.190000000000012	-37.17	-37.68	-38.760000000000012	-39.49	-39.9	-40.14	-40.6	-41.43	-42.89	-44.02	-44.7	-45.64	-46.67	-47.54	-49.33	-50.5	-53.220000000000013	-53.17	-53.94	-59.06	-56.82	-55.93	-54.25	-52.92	-50.260000000000012	-46.67	-43.97	-40.58	-37.78	-37.78	-39.270000000000003	-42.63	-46.74	-51.190000000000012	-54.07	-55.54	-62.1	-61.88	-58.38	-54.91	-49.57	-46.7	-44.65	-42.21	-41.88	-41.27	-40.090000000000003	-39.230000000000011	-38.590000000000003	-38.130000000000003	-37.28	-36.33	-35.42	-34.46	-33.08	-32.200000000000003	-31.259999999999987	-30.150000000000031	-28.959999999999987	-28.09	-27.919999999999987	-28.53	-29.3	-30.66	-31.91	-33.14	-34.520000000000003	-35.380000000000003	-36.700000000000003	-38.1	-39.380000000000003	-40.81	-41.78	-43.27	-43.71	-44.05	-44.7	-44.45	-44.51	-44.21	-44.39	-42.74	-42.190000000000012	-40.42	-41.7	-43	-45.53	-46.260000000000012	-46.4	-46.81	-47.56	-48.18	-49.36	-50.59	-52.1	-51.32	-51.57	-51.57	-51.94	-51.230000000000011	-51.95	-53.190000000000012	-51.27	-52.5	-52.57	-53.83	-52.77	-52.51	-54.57	-54.54	-53.48	-52.83	-53.56	-54.01	-54.37	-54.87	-53.74	-55.42	-53.03	-52.1	-54.09	-51.82	-51.17	-49.97	-50.74	-50.04	-50.06	-49.5	-49.230000000000011	-48.86	-49.27	-49.65	-49.37	-48.660000000000011	-48.120000000000012	-47.49	-47.06	-47.01	-47.24	-46.13	-46.2	-46.3	-46.49	-46.35	-45.11	-44.39	-45	-45.46	-45.81	-46.27	-47.57	-48.51	-50.6	-53.59	-55.41	-55.52	-54.17	-51.86	-51.42	-50.8	-49	-48.67	-49.54	-49.220000000000013	-48.48	-48.67	-47.17	-47.31	-47.9	-47.75	-47.2	-47.25	-47.4	-46.28	-47.6	-47.85	-47.53	-49.25	-48.94	-47.97	-47.75	-48.01	-48.31	-46.83	-47.89	-47.220000000000013	-49.720000000000013	-49.5	-49.98	-48.84	-49.92	-48.87	-49.1	-50.01	-50.11	-48.660000000000011	-50.21	-52.120000000000012	-52.8	-52.09	-52.27	-52.190000000000012	-50.8	-50.52	-50.57	-50.160000000000011	-50.15	-51.41	-51.45	-52.51	-52.95	-49.96	-48.01	-49.39	-49.92	-49.43	-50.120000000000012	-50.03	-49.86	-50.220000000000013	-50.55	-50.74	-49.82	-50.92	-51.190000000000012	-49.93	-49.99	-49.220000000000013	-50	-49.97	-50.89	-51.160000000000011	-50.38	-49.15	-50.24	-50.230000000000011	-47.83	-47.39	-48.220000000000013	-46.84	-47.74	-47.5	-47.93	-48.36	-50.38	-48.08	-46.92	-47.120000000000012	-46.4	-46.65	-45.92	-46.74	-46.51	-47.190000000000012	-46.18	-46.3	-46.86	-47.3	-47.21	-47.53	-46.11	-47.03	-47.91	-45.42	-45.71	-46.57	-47.260000000000012	-46.720000000000013	-47.32	-46.02	-46.49	-46.2	-47.05	-46.690000000000012	-47.690000000000012	-45.67	-47.21	-45.49	-47.15	-45.36	-45.83	-45.97	-46.18	-45.120000000000012	-44.6	-43.38	-43.67	-43.63	-42.82	-42.71	-43.15	-43.290000000000013	-42.13	-42.11	-40.290000000000013	-39.99	-39.44	-39.130000000000003	-39.08	-38.89	-39.120000000000012	-39.15	-39.42	-39.49	-39.220000000000013	-39.630000000000003	-39.130000000000003	-39.6	-39.760000000000012	-40.43	-40.370000000000005	-40.760000000000012	-41.220000000000013	-41.18	-41.44	-40.67	-40.880000000000003	-40.4	-41.17	-40.82	-39.96	-40.81	-41.02	-42.220000000000013	-40.93	-41.86	-40.230000000000011	-38.75	-39.39	-39.32	-38.68	-38.92	-40.17	-40.47	-41.1	-42.97	-43.98	-44.11	-43.25	-43.55	-43.4	-44.51	-43.56	250 needles/cm2	300000	7799000	15300000	22800000	30300000	37800000	45300000	52790000	60290000	67790000	75290000	82790000	90290000	97790000	105300000	112800000	120300000	127800000	135300000	142800000	150300000	157800000	165300000	172800000	180300000	187800000	195300000	202800000	210300000	217800000	225300000	232800000	240300000	247800000	255300000	262800000	270300000	277800000	285300000	292800000	300300000	307800000	315300000	322800000	330300000	337800000	345300000	352800000	360300000	367800000	375300000	382800000	390300000	397800000	405300000	412800000	420300000	427800000	435300000	442800000	450300000	457800000	465300000	472800000	480300000	487800000	495300000	502700000	510200000	517700000	525200000	532700000	540200000	547700000	555200000	562700000	570200000	577700000	585200000	592700000	600200000	607700000	615200000	622700000	630200000	637700000	645200000	652700000	660200000	667700000	675200000	682700000	690200000	697700000	705200000	712700000	720200000	727700000	735200000	742700000	750200000	757700000	765200000	772700000	780200000	787700000	795200000	802700000	810200000	817700000	825200000	832700000	840200000	847700000	855200000	862700000	870200000	877700000	885200000	892700000	900200000	907700000	915200000	922700000	930200000	937700000	945200000	952700000	960200000	967700000	975200000	982700000	990200000	997700000	1005000000	1013000000	1020000000	1028000000	1035000000	1043000000	1050000000	1058000000	1065000000	1073000000	1080000000	1088000000	1095000000	1103000000	1110000000	1118000000	1125000000	1133000000	1140000000	1148000000	1155000000	1163000000	1170000000	1178000000	1185000000	1193000000	1200000000	1208000000	1215000000	1223000000	1230000000	1238000000	1245000000	1253000000	1260000000	1268000000	1275000000	1283000000	1290000000	1298000000	1305000000	1313000000	1320000000	1328000000	1335000000	1343000000	1350000000	1358000000	1365000000	1373000000	1380000000	1388000000	1395000000	1403000000	1410000000	1418000000	1425000000	1433000000	1440000000	1448000000	1455000000	1463000000	1470000000	1478000000	1485000000	1493000000	1500000000	1508000000	1515000000	1523000000	1530000000	1538000000	1545000000	1553000000	1560000000	1568000000	1575000000	1583000000	1590000000	1598000000	1605000000	1613000000	1620000000	1628000000	1635000000	1643000000	1650000000	1658000000	1665000000	1673000000	1680000000	1688000000	1695000000	1703000000	1710000000	1718000000	1725000000	1733000000	1740000000	1748000000	1755000000	1763000000	1770000000	1778000000	1785000000	1793000000	1800000000	1808000000	1815000000	1823000000	1830000000	1838000000	1845000000	1853000000	1860000000	1868000000	1875000000	1883000000	1890000000	1898000000	1905000000	1913000000	1920000000	1928000000	1935000000	1943000000	1950000000	1958000000	1965000000	1973000000	1980000000	1988000000	1995000000	2003000000	2010000000	2018000000	2025000000	2033000000	2040000000	2048000000	2055000000	2063000000	2070000000	2078000000	2085000000	2093000000	2100000000	2108000000	2115000000	2123000000	2130000000	2138000000	2145000000	2153000000	2160000000	2168000000	2175000000	2183000000	2190000000	2198000000	2205000000	2213000000	2220000000	2228000000	2235000000	2243000000	2250000000	2258000000	2265000000	2273000000	2280000000	2288000000	2295000000	2303000000	2310000000	2318000000	2325000000	2333000000	2340000000	2348000000	2355000000	2363000000	2370000000	2378000000	2385000000	2393000000	2400000000	2408000000	2415000000	2423000000	2430000000	2438000000	2445000000	2453000000	2460000000	2468000000	2475000000	2483000000	2490000000	2498000000	2505000000	2513000000	2520000000	2528000000	2535000000	2543000000	2550000000	2558000000	2565000000	2573000000	2580000000	2588000000	2595000000	2603000000	2610000000	2618000000	2625000000	2633000000	2640000000	2648000000	2655000000	2663000000	2670000000	2678000000	2685000000	2693000000	2700000000	2708000000	2715000000	2723000000	2730000000	2738000000	2745000000	2753000000	2760000000	2768000000	2775000000	2783000000	2790000000	2798000000	2805000000	2813000000	2820000000	2828000000	2835000000	2843000000	2850000000	2858000000	2865000000	2873000000	2880000000	2888000000	2895000000	2903000000	2910000000	2918000000	2925000000	2933000000	2940000000	2948000000	2955000000	2963000000	2970000000	2978000000	2985000000	2993000000	3000000000	-20.25	-21.330000000000005	-20.88	-20.759999999999987	-20.34	-20.32	-20.6	-20.759999999999987	-21.21	-20.100000000000001	-17.73	-22.779999999999987	-22.5	-21.959999999999987	-21.73	-21.479999999999986	-21.36	-21.14	-20.88	-20.38	-19.66	-18.95	-18.37	-17.899999999999999	-17.479999999999986	-16.939999999999987	-16.149999999999999	-14.850000000000026	-13.01	-10.58	-9.11	-5.81	-5.48	-9.1300000000000008	-13.91	-17.979999999999986	-21.439999999999987	-24.419999999999987	-27.55	-31.459999999999987	-38.21	-30.29	-20.88	-17.87	-21.68	-25.2	-27.56	-29.479999999999986	-31.04	-32.160000000000011	-33.15	-33.980000000000004	-35	-35.800000000000004	-37.07	-37.67	-38.590000000000003	-39.92	-40.82	-41.43	-42.8	-43.690000000000012	-44.42	-45.2	-45.95	-47.04	-49	-50.47	-51.8	-54.33	-58.95	-59.6	-50.27	-44.45	-45.92	-50.52	-53.57	-54.38	-55.28	-52.99	-52.67	-50.760000000000012	-47.28	-45.660000000000011	-43.63	-43.18	-45.81	-49.6	-57.25	-66.83	-63.36	-55.35	-52.53	-51.75	-49.56	-48.14	-46.64	-45.67	-44.77	-41.96	-40.89	-39.090000000000003	-37.25	-36.200000000000003	-35.58	-34.9	-34.65	-34.33	-33.65	-33.03	-32.290000000000013	-31.51	-30.73	-29.97	-29.01	-27.830000000000005	-26.759999999999987	-25.72	-25.2	-25.110000000000031	-25.84	-26.97	-28.310000000000031	-29.6	-30.91	-32.08	-33.370000000000005	-34.83	-36.35	-37.700000000000003	-39	-40.120000000000012	-40.6	-41.51	-42.260000000000012	-42.2	-42.620000000000012	-43.14	-43.49	-43.24	-40.9	-40.31	-41.190000000000012	-42.65	-44.34	-44.77	-44.88	-45.77	-46.690000000000012	-46.85	-48.82	-49.49	-50.65	-50.75	-52.43	-51.8	-50.71	-50.43	-51.34	-51.71	-50.95	-50.8	-52.790000000000013	-53.04	-54.68	-54.39	-56.290000000000013	-54.05	-53.77	-56.41	-56.59	-58.3	-52.11	-52.6	-54.41	-52.04	-54.39	-53.220000000000013	-50.13	-49.58	-50.33	-48.25	-48.08	-48.71	-48.89	-48.65	-49.33	-48.55	-47.99	-49.42	-47.46	-47.81	-47.36	-47.230000000000011	-47.3	-47.86	-47.39	-48.97	-47.85	-46.74	-46.74	-46.31	-46.120000000000012	-45.730000000000011	-45.9	-46.77	-45.52	-45.720000000000013	-45.13	-46.53	-47.290000000000013	-45.7	-45.71	-46.32	-45.96	-46.720000000000013	-45.68	-46.33	-46.21	-47.09	-47.48	-46.78	-46.91	-46.63	-47.15	-46.660000000000011	-47.67	-47.27	-46.720000000000013	-46.07	-46.28	-46.95	-47.14	-46.91	-47.71	-48.06	-47.94	-47.55	-47.52	-47.21	-46.74	-47.24	-46.95	-47.39	-49.24	-48.720000000000013	-48.9	-50.77	-49.6	-49.71	-48.4	-49.55	-49.730000000000011	-49.67	-50.58	-51.690000000000012	-50.94	-50.85	-50.32	-53.03	-51.18	-50.220000000000013	-51	-50.59	-52.35	-50.38	-50.31	-50.89	-50.32	-49.51	-48.220000000000013	-48.34	-48.96	-49.74	-49.21	-50.93	-49.24	-50.01	-51.31	-50.14	-52.120000000000012	-50.37	-50.28	-50.09	-50.24	-49.88	-51.720000000000013	-49	-49.9	-50.87	-53.120000000000012	-49.53	-50.790000000000013	-48.99	-49.51	-48.760000000000012	-49.34	-48.39	-47.9	-49.83	-48.95	-50.48	-51.290000000000013	-48.94	-48.7	-47.55	-46.24	-46.9	-46.9	-47.83	-47.06	-49.160000000000011	-48.6	-48.36	-48.27	-46.61	-47.95	-46.95	-46.290000000000013	-46.71	-45.3	-47.1	-46.63	-46.34	-47.05	-48.25	-47.58	-47.47	-46.74	-46.75	-46.43	-47.65	-45.790000000000013	-46.45	-44.97	-44.94	-46.790000000000013	-45.86	-46.11	-45	-45.3	-44.34	-44.05	-42.71	-42.95	-43.14	-43.02	-43.08	-43.120000000000012	-42.13	-41.75	-41.47	-40.74	-40.840000000000003	-40.200000000000003	-39.590000000000003	-40.130000000000003	-39.690000000000012	-40.53	-41.01	-40.71	-40.800000000000004	-41.35	-40.870000000000005	-40.78	-40.67	-40.78	-41.36	-41.04	-41.660000000000011	-41.92	-42.55	-43.02	-42.84	-42.98	-42.730000000000011	-42.93	-42.63	-42.81	-42.86	-42.89	-42.720000000000013	-43.04	-43.31	-42.760000000000012	-42.25	-42.37	-41.34	-40.08	-40.5	-41.82	-43.18	-43.27	-43.81	-44.760000000000012	-44.160000000000011	-45.32	-46.04	-44.95	-45.39	-44.31	
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