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abstract: The new gyrodrive concept is an innovation of the mechanical gyrobus transmission by Hampl & Vítek, 2006. The legitimate aim of substituting urban buses with zero emission vehicles is actually very difficult to achieve. First of all, no existing non-rail vehicle for urban mass transport can compete with urban buses in terms of cost. Even trolleybuses on the busiest lines are less economically efficient. In addition, they lack the flexibility of buses. Electrobuses with their heavy and slow to charge accumulators are almost as expensive as fuel-cell buses whose specific problem is the refueling with compressed or liquefied hydrogen. A gyrodrive does not face such problems and it is also reasonably safe. 
But even a modern electric system for power transmission from the flywheel to the driving axle is neither light nor cheap. A mechanical solution with CVT (Continuously Variable Transmission) can be more advantageous. Such a system has been used for recuperation of braking energy. The mechanical system described in this article uses an IVT system (Infinitely Variable Transmission) for the vehicle drive. If that system is used for flywheel charging at the terminal, it will be con​nected as CVT (by using an external three-phase 50 Hz electromotor). The higher-than-average requirement for transmitted power should be met by the suggested special CVT solution with rigid friction members. Thanks to its planetary configuration it has acceptable dimensions and mass. The slip minimization and the fact that the pressure forces do not load the bearings should ensure a good efficiency. 
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1  INTRODUCTION  AND  MOTIVATION
1.1  History

The first electrically driven road vehicles independent of a trolley wire were made in Europe and in the USA as early as the late 19th century. These included mainly vehicles with electrochemical current sources. Such sources have prevailed at electrocars and electrobuses until now. But despite a long and concentrated research on electrochemical sources, the relationship between their price and lifetime is still almost unacceptable for use as vehicle drive. They also have other undesirable attributes: in the case of fuel cells, used now in many experimental vehicles, in particular electrobuses, the main problems con​cern the distribution and refuelling of expensive hydrogen, whether in compressed or liquefied form (Ingvarsson, 2011). Problematic attributes of electrochemical accumulators are as follows: relatively slow charging (particularly to​wards the end), insufficient reliability, energy capacity reduction during their lifetime, power and exploitable energy capacity linked to temperature and destructive influence of a deep discharging on the battery lifetime.
Such disadvantages are not associated with the kinetic energy accumulation. However, flywheels have another serious drawback: fast self-discharging, which makes their use in electrocars almost impossi​ble. But this is not relevant for urban mass transportation vehicles. They have regular and short routes with breaks at terminals where there is enough time for charging the flywheel fully (but not for full charging any electrochemical accumulator). This is how the idea of gyrobus came about.
The first regular gyrobus transport started in Switzerland in October 1953, on a 4.5 km-route between Yverdon-les-Bains and Grandson. The most extensive use of those gyrobuses was in Leopoldville (to​day’s Kinshasa in the Democratic Republic Congo, Africa) where they operated until 1969.
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Figure 1: Rotor of the asynchronous motor-generator and steel flywheel of the FMO gyrobus
Their gyrobus drive was developed by the Swiss company Oerlikon. Its flywheel of compact steel had a vertical rotation axis and an external diameter of 1.6 m. Its mass was 1500 kg. It was coaxially con​nected to an asynchronous motor-generator. During the “refuelling” (about 4 minutes, 150 kW) the motor-generator was powered from the common three-phase 50 Hz network by using bar collectors on the vehicle roof. The maximum motor speed was 2900 rpm and its minimum operation speed was 2300 rpm. Therefore 63 % of the accumulated energy was non-utilizable. When the vehicle was running this asynchronous generator supplied the current to the three-phase asynchronous traction motor. The main control was performed in steps by switching over of the poles.

1.2  Present solutions
Current technology allows a step-less and entirely smooth control of flywheel propulsion over a wide running speed range, and also minimizes the consequences of an unlikely material destruction. That is to say that in the area of inertial energy accumulation a lot of theoretical and experimental work has been performed with posi​tive results, particularly in the USA. The new “super-flywheels” make use of light materials such as glass type E, aramid or carbon. In the form of a filament they are extremely strong. A wound flywheel can also accumulate more energy due to the permitted low safety coefficient (a ruptured filament will be disarmed by the flywheel box without endangering passengers or pedestrians).
In order to eliminate ventilation losses such a flywheel runs in the vacuum and it is directly con​nected to a synchronous motor-generator whose rotor has permanent magnets, e.g. made of Fe-B-Nb alloy (electromagnets would need cooling which is difficult in the vacuum).
One of the first similar solutions was an inertial accumulator developed by NASA for supplying elec​tric energy to satellites when they pass through the Earth’s shadow, where the photocells do not work (an electrochemical accumulator would work there for only a few months). Chrysler used 15 of these sources for the powering of an experimental electrocar.
A more significant in this context were additional flywheel units for urban buses or trolleybuses used together with main energy sources to cover the peaks in consumption and for regenerative braking (possibly also for a short independent drive). Such units were installed by the Magnet Motor GmbH in two urban buses in Munich in 1988, and in twelve trolleybuses in Basle in 1992. Their car​bon filament flywheels had a maximum speed of 12,000 rpm.  Their relatively high extra mass was also unfavorable for use in road vehicles.
The Kinetic Energy Recovery Systems (KERS) with a mechanical transmission of power by using CVT are lighter. For example the company Hybrid Automotive Limited has developed the Flywheel Hybrid System for Premium Vehicles (FHSPV for Jaguar XF prototype). Another their set designed to meet the FIA regulations for the Formula One is shown in Fig. 2. Its accumulated energy is 400 kJ (60,000 rpm), its additional power 60 kW (limited by its toroidal CVT). Its total weight is 25 kg and volume 13 litres.
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Figure2: Flywheel unit combined with the TOROTRAK CVT as auxiliary drive for F1 racers
Concerning rail vehicles, the increased price due to the installed flywheel unit is not dramatic and the mass increase is hardly relevant. Therefore, an auxiliary flywheel unit made by the rosseta Technik GmbH was installed into the LIREX articulated train produced by Alsthom LHB. Its carbon fibre fly​wheel had a net mass of 160 kg, a maximum speed of 25,000 rpm, a maximum accumulated energy of 6 kWh and a maximum output of 350 kW. Its specific energy of 135 kJ/kg was comparable to that of CD-Ni accumulators. (The new lithium batteries, e.g. LiFePO4, have a higher specific energy but such a flywheel can outperform them in terms of power. Its lifetime, measured in cy​cles, is more than 1,000 times longer.) 
The flywheel together with the rotor of the motor-generator runs in its box on ball-bearings lightened by permanent magnets. The bearing losses do not exceed 200 W but the losses in the motor-generator during its idle run were 3.5 kW (causing fast self-discharging). Therefore, the producer recommended its use only for applications where charging or discharging lasts only about ten minutes.
Our intention is to significantly extend that time by a radical restriction of self-discharging so that the flywheel could be used as the only energy source for the gyrobus drive.  Furthermore, we want to in​crease the total efficiency (Dede, 2012) and reduce the mass of the entire gyrobus propulsion unit to the level of the standard bus engine-gearbox assembly.  We also aspire to cut the price of the unit.
2   principle of THE NEW Gyrobus Drive
We expect to use a nearly identical design for the composite flywheel as noted above but we will replace the electric power transmission from the flywheel to driving wheels with a fully mechanical one. An Infinitely Variable Transmission (IVT) will be used for this purpose. That should result in a substan​tially decreased self-discharging, increased total efficiency and a smaller mass. The price is also expected to decrease.
A disadvantage of the mechanical transmission is the leeway loss due the dislocation of drive compo​nents in the vehicle. Concerning the placement of the flywheel, a parallel orientation of its rotation axis to the vehicle transverse axis would be favorable because if the flywheel rotation is reverse to the vehicle wheels rotation the gyroscopic moment counteracts the tilting torque of the centrifugal force during the vehicle turning (Shaobo, 2012). 
The rpm has linear influence on the gyroscopic moment but quadratic influence on the accumulated energy. So, if a high speed flywheel and a low speed one have the same accumulated energy, the high speed flywheel will have a lower gyroscopic moment. Therefore its axis orientation is not very important (for example in case of our gyrobus the maximal lateral force on the axles generated by both flywheels during a very rapid turning of the vehicle can reach approx. 1 kN).
Because of the low-floor concept the drafted gyrobus has individual drive for each rear wheel. So, two flywheels are used. They are placed together with the IVT systems under fours of passenger seats (2 + 2, dos à dos on the elevated floor). Similarly, under the next four seats the driving wheels are situated, see figure 3: 
[image: image3.emf]
Figure 3: Scheme of individual drive for each of both rear wheels of the low floor gyrobus
The flywheel rotational axes are parallel with the longitudinal axis of the vehicle. The special drive of the rear wheel is illustrated in figure 4: 
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Figure 4: Special drive of the rear wheel (inner tyres are mountable from the vehicle interior).
In order to minimize ventilation losses there will be the vacuum in the flywheel box and rarefied hy​drogen in the IVT box. Compared to air, hydrogen has half the kinematic viscosity, 14 times lower specific mass and it better conducts away the heat produced.  The vacuum in the flywheel box must be renewed by an on-board exhauster (at terminals only). The hydrogen infiltrates into the flywheel box from the IVT box along the shaft sealing, and into the IVT box from the bearing inter-space where it is replenished from a small container.  The filling pressure must be slightly higher than the atmospheric one so that no explosive mixture can result due to air penetrating from the outside.
3   The new CVT and ITS operATION AS ivt
Currently produced CVTs are installed into cars with a considerable output surplus available so that the CVTs mostly transmit only a small part of the presented maximum torque. Also, the number of service hours is far lower for cars than for urban buses.  Therefore, such CVTs would not work well for a gyrobus. However, this is not the only reason - they are not high-speed enough either.
Therefore, our draft considers an IVT that is based on the planetary CVT presented in 
figure 5 (next page). This planetary CVT outdoes existing CVTs with rigid friction members by:
· small dimensions, mass and moment of inertia in relation to the transmitted torque;
· allowing transmission of big tangential forces due to a high number of contact facets between the fric​tion elements (48 co-operating facets between disks and double-cones);
· a total absence of the “spin” slip type; 
· using the mechanical transmission ratio control (energy savings due to the absence of a hydraulic pump); 
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     Figure 5: Hypothetic scheme of mechanically controlled IVT (both pressure and gear ratio are actuated)

· a small slip forced by geometry (“creep” type) due to the differential linkage of the parallel fric​tion elements as they are illustrated in figure 6;
· axial pressure forces (figure 7) avoiding the bearings; it ensures, together with the small slip, good efficiency;
· a low value of Hertzian pressure between (see figure 8); the maximum Hertzian pressure (1.35 GPa - TOROTRAK admits 4 GPa) is achieved in sporadic cases only: when a big output at the minimum operating r.p.m. is required during the maximum or minimum transmission ratio; that ensures long life of friction elements without requiring any extremely high quality material for them.
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Figure 6: The conic pulley composed of discs forced to rotate with uneven rpm when rolling.
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During the rotation and at a steady transmission ratio the axial forces between rings and double-cones are equal as between pulleys and double-cones (the rotation “nullifies” the friction in direction of the cone surface straight line). In the horizontal parts of curves the input torque requires bigger axial force than the output torque and vice versa in the inclined parts.
Figure 7: Axial forces between friction members depending on torque and transmission ratio.
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 Figure 8: Hertzian pressures [MPa] at maximum input torque (125 Nm).
The mechanical control of the transmission ratio change is implemented by a mutually opposite shift of friction disks (and rings) by means of screws with right-hand and left-hand threads (Fig. 5).  This ensures a permanent perpendicularity of pulleys and rings to the rotational axis during their shift.  The mechanism concerned is driven by an energy saving electric servomotor. Mechanical actuation is also used for the mutual thrust of friction members by using a worm gearing for the second servomotor. This type of self-locking gear makes it possible to nullify its incoming power when the thrust maintains a steady value.
3.1  Modes of transmission system
It is not possible to control the speed of a gyrobus (unlike bus and trolleybus) by varying the power source rpm.  There is only one method for doing this: continuous varying of the transmission ratio. The variability range must be considerable, also owing to counteractive changes (when the vehi​cle speed increases the flywheel rpm goes down and vice versa).
For our purposes current mechanical CVTs have insufficient transmission ratio. We can extend the ratio if the CVT collaborates with a differential, changing the transmission into an IVT (Infinitely Variable Transmission). Then the vehicle can move without using a clutch and it will be possible to decelerate and stop without us​ing friction brakes. In the IVT mode the flywheel will be connected to the differential in two ways: both directly (e.g. with the planet carrier) and by means of CVT (e.g. with the sun wheel). Then three different modes can be identified at the output (ring gear):
· Pseudo-locking mode. Although the connection of the flywheel with the vehicle driving wheels is not interrupted the vehicle is stopped as if the parking brake had been used.  In this mode the sun wheel (driven by the CVT) turns round faster than the planet carrier in order for satellites to roll in the stopped ring gear. Such a situation occurs when the CVT transmission ratio is nearly the quickest one. 
· Reverse. The absolutely quickest CVT transmission ratio is used (the return motion does not re​quire any gear shifting).
· Driving forwards. When the CVT transmission ratio starts getting slower (from the pseudo-locking mode) the sun wheel rpm decreases; however, without any rpm change of the planet carrier connected to the flywheel. Therefore, the ring gear starts rotating in the same direction as the planet carrier and the sun wheel. The vehicle starts moving forwards.
During the pseudo-locking mode the output taken from the flywheel circulates inside the IVT and the energy is being dissipated by its internal resistances. Nevertheless, the IVT output torque Mout IVT is several times bigger than the CVT output torque Mout CVT  (in a situation where the differential operation is disconnected and when only the CVT is working). The corresponding multiplication factor depends on the efficiency η of the circuit in which the energy circulates. 
Mout IVT = Mout CVT * η / (1 – η)
The multiplication factor of the torque decreases by moving away from the zero transmission ratio, and the energetic efficiency increases. However, it remains significantly worse than without differen​tial linkage. 
Therefore, we disconnect the differential linkage after the transmission range depletion towards the slow output rpm. The IVT will, therefore, change into the CVT, which has better efficiency. Before disconnection the ring gear rpm increase to the level of the planet carrier rpm due to the de​celeration of the sun wheel rotation (the rpm of the sun wheel and ring wheel equalize) and so the planetary gear set started to revolve as a whole. Consequently, the changeover of the output withdrawal from the sun wheel to the ring wheel runs totally without shock.  After the shifting, the CVT transmission ratio starts to return from the slowest value to the quicker values causing the vehicle to accelerate. 
Automatic stepped gearboxes present a problem of undesirable alternating up- and downshift at the boundary between adjacent speed gears.  Vehicles with combustion engines have solved the problem by shifting up at a higher vehicle speed than for downshift.  This is not pos​sible for a gyrobus with mechanical transmission because a shock-free shifting between IVT and CVT is possible only during the slowest CVT transmission ratio. The alternating gearshift mode cannot be totally excluded but the probability of its occurrence is very low.  It can only arise when the change of flywheel rpm is exactly identical to the change of the vehicle speed during the slowest CVT transmis​sion ratio. Furthermore, such an alternating gearshift represents no danger for the driving system. Only the driver would notice it and he can easily stop it (a tiny change of power would be enough).
The driver sets the required value of the output torque using the accelerator. The difference between the required and the actual value determines the velocity of the transmission ratio change and, consequently, the flywheel deceleration. The same applies to the brake pedal in the recuperative braking mode when the flywheel accelerates.
Both the driving force and recuperative braking force will be limited by the control system:
· if the maximum value of the CVT torque is achieved,
· if the maximum vehicle speed is achieved,
· if the set maximum output is achieved (so that the vehicle dynamics are not influenced by the level of the flywheel charge).
3.2   Energy recharging
The most important part of the charging station at the terminal are two common three-phase two-poles electromotors with a short-circuit armature, 50/60 Hz, 6 kV, approx. 150 kW, connected to the gyrobus by sheathed articulated shafts. During charging their non-variable rpm are changed into ascending rpm of the flywheel by the same CVTs used to drive the vehicle after moving off  (during charging the differential linkage chang​ing CVT into IVT will not be used).  Unlike an electrochemical accumulator, the charging accelerates with the increased accumulated energy. The full charging takes 4-5 minutes.
If, exceptionally, it is necessary to start running the flywheel from a total standstill, the external elec​tromotor will also start running from standstill (with Y-connection).
At terminals, the on-board 24 V (or 42 V) LiFePO4 battery will be charged from an on-board quick-charger connected to the external 220/380 V network together with a quick-charging heat reservoir (approx. 75 kW, 5 kWh) and with the exhauster and air-compressor electromotor.
4   Safety of gyrodrive 
4.1   Reduction of damages caused by flywheel collapse
With regard to the high circumferential speed of the flywheel (up to 2800 km/h) it is necessary to protect the flywheel box from ruptured fibres (Wisnom, 2010). The moment of friction could even release the flywheel box from its attachment. In order to protect the box we use a thin ring of carbon laminate which has a little smaller diameter then the flywheel box inside. The pressure of the ruptured fibres extends the ring diameter, so the ring presses on the box and the flywheel decelerates intensively. Graphite coating on the outer surface of the ring reduces the friction coefficient and improves the heat removal. The kinetic energy 39 MJ of the fully charged flywheel would change 15 liters of 20 °C water into 100 °C steam. Therefore the flywheel box will be surrounded by a housing and through the so created interlayer a coolant will flow. Definitely, the emergency flywheel deceleration will be more intensive if air is let in (Ribeiro, 2012).
4.2   Flywheel safety in case of a vehicle accident
The obligatory most severe destructive test of a bus (which applies to a gyrobus) is the overturning test according to Regu​lation No. 36 ECE. Such an accident represents no danger for the flywheel if situated outside the de​formation zone. This Regulation does not require barrier crash tests.  With respect to a bus impact into the non-deformable barrier (50 km/h), the specialists’ opinion is that the deceleration of the vehicle frame should not exceed 400 m.s-2 during approx. 50 ms (stopping distance approx. ½ m).
Such a deceleration represents no problem with respect to the flywheel, its box and the attachment to the vehicle frame but the choice of bearings is not straightforward. The energy losses of robust bearings are definitely not negligible. Therefore, relatively small ball-bearings are used, supported by permanent magnets. When a vehicle impact occurs, the floppy part of the flywheel box which houses the outer bearing rings will experience an elastic deformation. Thus, the rotating shaft bears on a robust friction bearing which had not operated before due to large clearance. The calculated shock force of 0.2 MN  will require about 150 cm2 of sliding surface.

5   ASSUMED main parameters of the gyrobus drive
The preliminary calculations considered a haul length of 12 km (Mazloumi, 2012) and the energy taken away from two flywheels of a two-axled gyrobus of 78 MJ. At present, composite flywheels achieve a specific energy of 150 kJ/kg (theoretically 673 kJ/kg). So the net mass of two flywheels will be 520 kg (estimated mass of the whole driving system will be about 1200 kg).  The power losses of freely rotating flywheels will probably not exceed 0.5 kW and so self-discharging would only present a problem if the drive interruption lasts more than one or two hours. The friction coefficient between the friction members lubricated by a special oil was estimated to be f = 0.05 (following the experience of the TOROTRAK company). That reduces the friction losses under the theoretical values shown in figure 9:

[image: image9.wmf]1

1,5

2

2,5

3

3,5

4

4,5

5

0,3

0,8

1,3

1,8

Transmission ratio        

doublecone

-

ring

doublecone

-

pulley

total


Figure 9: Slip [% ] caused by the geometry of friction members rolling
The selected value of the maximum output from the shaft of each flywheel is 110 kW.  If it is supposed to be available also at a minimum operating speed of 8400/min (maximum 25000/min) then the input torque of the CVT will be 125 N.m (in all other modes it will be lower). With the rpm decreasing to 8400/min each flywheel still hold 4.4 MJ of energy (11.3 %), which may be used for a short emergency. Taking the torque 125 N.m into ac​count, the diameter of the IVT box will be about 300 mm.
Even at minimum operating rpm the required maximum vehicle speed is 70 km/h. The corresponding minimum vehicle speed in the CVT mode will be 12.9 km/h (the transmission ratio range according to the drawing is 5.43).  With fully charged flywheels it will be 38.4 km/h. In that case or if only little energy is depleted, a slower drive will have to use the IVT mode, consequently with a lower efficiency (Meulen, 2012). 
That is why the drive of each rear wheel is equipped with an additional two-speed gearbox. If its low gear (i ≈ 5.5) is used and the flywheel energy is maximal, already at approx. 7 km/h the less economical mode IVT will be changed to the more economical mode CVT.  When the speed exceeds 39 km/h, the high gear (i = 1) will be used. 
Gear shifting is not simultaneous for both drives of rear wheels. Transmission ratio of one drive is changed at a lower speed than of the other. If shifted, the driving force is interrupted and therefore the torque for the drive other wheel is boosted (controlled by ASR).
The planetary gear set turning a CVT into an IVT (in the differential mode) has wheels with a number of teeth in the ratio of   tsun gear :  tcarrier :  tring gear  =  14 : 24 : 62.  
Our draft has used rough calculations only. The following problems have not been solved at all:
- providing for a pressure balance of parallel disks on the double-cones,

- a concept of a comprehensive control system, including a sensor for load torque,

- transmission scheme for charging,

- heat removal.
6. Expected advantages
· A cost-saving when substituting city buses with equally flexible zero emission vehicles;
· Reduced operating costs for routes where the substitution has been implemented;
· A more economical use of non-renewable sources (Shepherd, 2008); for example, in the Czech Republic almost 30,000 tonnes of diesel fuel could be saved annually;
· Reduced GHG emissions (Andress, 2011) – yearly about 60,000 ton CO2, 2,000 ton NOx; 
· The possibility of utilizing the developed IVT also in other areas (e.g. ground machines, military vehi​cles, trucks etc.
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&C&12Planetový CVT (3 věnce š. 2,5 mm, 5 kotoučů 1,5 mm)

&L            Převodový rozsah CVT: 6,132
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celkový převodový poměr CVT
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Prokluz typu "creep" (různé převodové poměry podél šířky styku)
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Transmission ratio



List1

				Parametr		Jednotka		Označení a vzorec

		vstupní údaje		nejmenší poloměr dvojkužele		mm		rz		9.2

				½ vrcholového úhlu dvojkužele		deg		a		20

				tloušťka věnce		mm		tv		3

				tloušťka kotouče (stejná u všech; jsou vedle sebe s min. mezerami)		mm		tk		1.5

				střední poloměr obvodu prostředního kotouče		mm		rsc		90

				délka jedné kónické části dvojkužele		mm		L		52.5

				počet dvojkuželů				n		12

				koeficient tření				f		0.1

				točivý moment na vstupním hřídeli		Nm		Min		480

		závislé údaje		tangenta poloviny vrcholového úhlu dvojkužele				tg  ( p * a / 180 )		0.3639702343

				sinus poloviny vrcholového úhlu dvojkužele				sin ( p * a / 180 )		0.3420201433

				poloměr kratšího vnějšího okraje prostředního kotouče		mm		rsk = rsd - tk * tg a		89.7270223243

				poloměr delšího vnitřního okraje věnce		mm		Rd =2rz+rsd+0,5*(2L-tk+tv)*tg a		127.7814149747

				poloměr kratšího vnitřního okraje věnce		mm		Rk = Rd - tv * tg a		126.6895042719

				střední poloměr vnitřní plochy věnce		mm		Rs = 0,5 (Rk + Rd)		127.2354596233

				poloměr delšího vnějšího okraje prostředního kotouče		mm		rsd = rsc + 0,5 tk * tga		90.2729776757

				střední poloměr obvodu malého kotouče		mm		rms = rsc - tk * tg a		89.7270223243

				střední poloměr obvodu velkého kotouče		mm		rvs = rsc + tk * tg a		90.8189330271

		hodnoty měnící se při axiálním posuvu kotoučů a věnců		aktuální vzdálenost delšího kruhového okraje velkého kotouče od roviny komolého vrcholu dvojkužele		mm		dk  <  nebo  = ( L - 3tk)		0		2.5		5		7.5		10		12.5		15		17.5		20		22.5		25		27.5		30		32.5		35		37.5		40		42.5		45

				aktuální vzdálenost středu tloušťky prostředního věnce od roviny komolého vrcholu dvojkužele		mm		dv = L - dk - 0,5 tv		51		48.5		46		43.5		41		38.5		36		33.5		31		28.5		26		23.5		21		18.5		16		13.5		11		8.5		6

				aktuální poloměr dvojkužele v kontaktu se středem tloušťky prostředního věnce		mm		r1s = 0,5 (r1k + r1d)		28.8543926504		27.9444670647		27.034541479		26.1246158934		25.2146903077		24.304764722		23.3948391364		22.4849135507		21.5749879651		20.6650623794		19.7551367937		18.8452112081		17.9352856224		17.0253600367		16.1154344511		15.2055088654		14.2955832797		13.3856576941		12.4757321084

				aktuální poloměr dvojkužele v kontaktu s kratším vnitřním kruhovým okrajem prostředního věnce		mm		r1k = rz + (dv + 0,5 tv) tg a		28.308437299		27.3985117133		26.4885861276		25.578660542		24.6687349563		23.7588093706		22.848883785		21.9389581993		21.0290326137		20.119107028		19.2091814423		18.2992558567		17.389330271		16.4794046853		15.5694790997		14.659553514		13.7496279283		12.8397023427		11.929776757

				aktuální poloměr dvojkužele v kontaktu s delším vnitřním kruhovým okrajem prostředního věnce		mm		r1d = r1k + tv * tg a		29.4003480018		28.4904224161		27.5804968304		26.6705712448		25.7606456591		24.8507200734		23.9407944878		23.0308689021		22.1209433165		21.2110177308		20.3010921451		19.3911665595		18.4812409738		17.5713153881		16.6613898025		15.7514642168		14.8415386311		13.9316130455		13.0216874598

				aktuální poloměr dvojkužele v kontaktu s delším vnějším kruhovým okrajem prostředního kotouče		mm		r2cd = rz + (dk +tk) tg a		9.7459553514		10.6558809371		11.5658065227		12.4757321084		13.3856576941		14.2955832797		15.2055088654		16.1154344511		17.0253600367		17.9352856224		18.8452112081		19.7551367937		20.6650623794		21.5749879651		22.4849135507		23.3948391364		24.304764722		25.2146903077		26.1246158934

				aktuální poloměr dvojkužele v kontaktu s kratším vnějším kruhovým okrajem prostředního kotouče		mm		r2ck = r2cd + tk * tg a		10.2919107028		11.2018362885		12.1117618741		13.0216874598		13.9316130455		14.8415386311		15.7514642168		16.6613898025		17.5713153881		18.4812409738		19.3911665595		20.3010921451		21.2110177308		22.1209433165		23.0308689021		23.9407944878		24.8507200734		25.7606456591		26.6705712448

				aktuální poloměr dvojkužele v kontaktu se středem tloušťky prostředního kotouče		mm		r2cs = r2cd + 0,5 tk * tg a		10.0189330271		10.9288586128		11.8387841984		12.7487097841		13.6586353698		14.5685609554		15.4784865411		16.3884121268		17.2983377124		18.2082632981		19.1181888838		20.0281144694		20.9380400551		21.8479656408		22.7578912264		23.6678168121		24.5777423977		25.4876679834		26.3975935691

				aktuální poloměr dvojkužele v kontaktu se středem tloušťky malého kotouče		mm		r2ms = rz + (dk + 2,5 tk) tg a		10.5648883785		11.4748139642		12.3847395498		13.2946651355		14.2045907212		15.1145163068		16.0244418925		16.9343674782		17.8442930638		18.7542186495		19.6641442352		20.5740698208		21.4839954065		22.3939209921		23.3038465778		24.2137721635		25.1236977491		26.0336233348		26.9435489205

				aktuální poloměr dvojkužele v kontaktu se středem tloušťky velkého kotouče		mm		r2vs = rz + (dk + 0,5 tk) tg a		9.4729776757		10.3829032614		11.292828847		12.2027544327		13.1126800184		14.022605604		14.9325311897		15.8424567754		16.752382361		17.6623079467		18.5722335324		19.482159118		20.3920847037		21.3020102894		22.211935875		23.1218614607		24.0317870463		24.941712632		25.8516382177

				aktuální převodový poměr mezi dvojkuželem a věncem na kratším vnitřním kruhovém okraji věnce				i1k = r1k / Rk		0.223447376		0.2162650479		0.2090827198		0.2019003917		0.1947180636		0.1875357356		0.1803534075		0.1731710794		0.1659887513		0.1588064232		0.1516240951		0.144441767		0.1372594389		0.1300771108		0.1228947827		0.1157124546		0.1085301265		0.1013477984		0.0941654703

				aktuální převodový poměr mezi dvojkuželem a věncem na delším vnitřním kruhovém okraji věnce				i1d = = r1d / Rd		0.2300831307		0.2229621766		0.2158412226		0.2087202685		0.2015993145		0.1944783604		0.1873574063		0.1802364523		0.1731154982		0.1659945442		0.1588735901		0.151752636		0.144631682		0.1375107279		0.1303897739		0.1232688198		0.1161478657		0.1090269117		0.1019059576

				aktuální převodový poměr mezi dvojkuželem a věncem (uvažován kontakt ve středu tloušťky věnce)				i1s = 0,5 (i1d + i1k)		0.2267652534		0.2196136123		0.2124619712		0.2053103301		0.1981586891		0.191007048		0.1838554069		0.1767037658		0.1695521247		0.1624004837		0.1552488426		0.1480972015		0.1409455604		0.1337939194		0.1266422783		0.1194906372		0.1123389961		0.1051873551		0.098035714

				aktuální převodový poměr mezi dvojkuželem a kratším vnějším kruhovým okrajem prostředního kotouče				i2ck = rsk / r2ck		8.7182083984		8.0100280002		7.4082551537		6.8905833135		6.4405336289		6.0456684818		5.6964242238		5.3853263976		5.1064487969		4.8550323245		4.6272111608		4.4198125738		4.2302082561		4.0562023527		3.8959460325		3.7478715408		3.6106407404		3.4831045585		3.364270735

				aktuální převodový poměr mezi dvojkuželem a delším vnějším kruhovým okrajem prostředního kotouče				i2cd = rsd / r2cd		9.2346000731		8.4460403163		7.7815584951		7.2140054963		6.7236143383		6.2956507782		5.9189074694		5.5847082667		5.2862318216		5.0180410781		4.7757490753		4.5557771095		4.3551767881		4.1714971126		4.002683835		3.8470023015		3.7029776272		3.5693478247		3.4450267276

				aktuální převodový poměr mezi dvojkuželem a obvodem prostředního kotouče ve středu jeho tloušťky				i2cs = 0,5 (i2ck + i2cd)		8.9764042357		8.2280341582		7.5949068244		7.0522944049		6.5820739836		6.17065963		5.8076658466		5.4850173322		5.1963403093		4.9365367013		4.701480118		4.4877948416		4.2926925221		4.1138497326		3.9493149337		3.7974369211		3.6568091838		3.5262261916		3.4046487313

				aktuální převodový poměr mezi dvojkuželem a malým kotoučem (uvažován kontakt ve středu tloušťky kotouče)				i2ms = rms / r2ms		8.4929456053		7.8194751222		7.2449664334		6.7490998389		6.3167622416		5.9364799047		5.5993851721		5.2985163125		5.0283315794		4.7843647342		4.5629762095		4.3611703035		4.1764588302		4.0067580106		3.8503095197		3.7056193359		3.5714098784		3.4465821822		3.3301857372

				aktuální převodový poměr mezi dvojkuželem a velkým kotoučem (uvažován kontakt ve středu tloušťky kotouče)				i2vs = rvs / r2vs		9.5871579282		8.7469690067		8.0421774081		7.4424945227		6.9260389867		6.476608955		6.0819516714		5.7326293715		5.4212547845		5.1419629474		4.8900382859		4.6616462003		4.4536365137		4.2633972941		4.0887446073		3.9278383006		3.7791169193		3.6412468689		3.5130823146

				aktuální převodový poměr mezi dvojkuželem a unášečem satelitů				isat = 0,5 (i2ms + i2vs)		9.0400517667		8.2832220645		7.6435719207		7.0957971808		6.6214006141		6.2065444298		5.8406684218		5.515572842		5.224793182		4.9631638408		4.7265072477		4.5114082519		4.315047672		4.1350776524		3.9695270635		3.8167288183		3.6752633989		3.5439145256		3.4216340259

				aktuální hodnota převodového poměru mezi dvojkuželem a kladkou (vážený průměr převodových poměrů dvojkužele vůči prostřednímu kotouči a vůči unášeči satelitů)				i2Σ = (i2cs + 2 isat) / 3		9.0188359231		8.2648260957		7.627350222		7.0812962555		6.6082917373		6.1945828299		5.8296675634		5.505387672		5.2153088911		4.9542881276		4.7181648711		4.5035371152		4.3075959554		4.1280016791		3.9627896869		3.8102981859		3.6691119938		3.5380184142		3.415972261

				aktuální tečná síla mezi kladkou a dvojkuželem		N		T2 = 1000 Min / n / rcs		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898

				aktuální tečná síla mezi dvojkuželem a věncem		N		T1 = 1000 Mout / n / Rs		642.9524030905		570.6171280011		509.4560488158		457.0622926208		411.6746798138		371.9745999365		336.9550925893		305.8338412404		277.9937939647		252.9416848259		230.2784577746		209.6777881449		190.8702268627		173.6313211524		157.7725944689		143.134613432		129.5815991289		116.9971956712		105.2811159875

		závisle proměnné do grafů		aktuální diference převodového poměru (dvojkužele vůči věnci), k níž dochází mezi okrajem a středem tloušťky věnce		%		Di1os = 100 * ( i1d - i1s ) / i1d		1.4420341578		1.5018530961		1.5656190832		1.6337361059		1.7066652302		1.7849350509		1.8691545248		1.9600288458		2.0583792375		2.1651678418		2.2815292989		2.4088112198		2.5486266148		2.7029226109		2.8740716879		3.0649945359		3.2793281083		3.52165953		3.797858077

				aktuální diference převodového poměru (dvojkužele vůči prostřed-nímu kotouči), k níž dochází mezi okrajem a středem tloušťky kotouče		%		Di2os = 100 * ( i2cs - i2ck )/i2cs		2.876383801		2.6495533909		2.4575900012		2.2930280855		2.1503914278		2.0255719109		1.9154273985		1.8175135736		1.7299004101		1.6510436714		1.5796931047		1.5148256608		1.4555961256		1.4013000882		1.3513457935		1.3052324864		1.2625335669		1.2228833537		1.1859665849

				aktuální rozdíl mezi převodovým poměrem dvojkužele vůči prostřed-nímu kotouči a převodovým poměrem dvojkužele vůči unášeči satelitů		%		Di2us = 100 * ( i2cs - isat ) / isat		0.7040615769		0.6662613386		0.6366800341		0.6130780629		0.5939322024		0.5781767971		0.5650479151		0.5539861534		0.544574143		0.5364952755		0.5295057921		0.5234155048		0.5180742272		0.5133620578		0.5091823146		0.5054563232		0.5021195239		0.4991185275		0.4964088652

				celkový převodový poměr				ic = i1s * i2S		2.0451586131		1.8150683138		1.6205218632		1.453863272		1.3094904275		1.1832089798		1.071815902		0.972822734		0.8842667037		0.8045787882		0.7324896354		0.6669612437		0.6071365261		0.5523015238		0.5018567143		0.4552949582		0.4121843581		0.3721547991		0.3348872796

				Točivý moment na výstupním hřídeli v závislosti na posuvu kladky		Nm		Mout = Min / ic		981.6761342773		871.2327906016		777.8504943472		697.8543705369		628.5554052165		567.9403102932		514.4716329361		466.9549123029		424.4480177703		386.1978183205		351.5950249955		320.141396969		291.4255325192		265.1047314218		240.8912228785		218.5415799362		197.8484918867		178.6343035903		160.7458941879

				aktuální hodnota potřebné přítlačné síly kotouče na dvojkužel		N		N2 = T2 / f /x		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898

				aktuální hodnota potřebné přítlačné síly disku na dvojkužel		N		N1 = T1 / f /y		3214.7620154525		2853.0856400056		2547.280244079		2285.3114631041		2058.3733990691		1859.8729996824		1684.7754629466		1529.1692062019		1389.9689698237		1264.7084241294		1151.3922888729		1048.3889407247		954.3511343133		868.1566057619		788.8629723445		715.6730671599		647.9079956447		584.985978356		526.4055799377

				aktuálně potřebná axiální síla na věnec		N		F1 = N1 * sin a * n * y		26388.3207667911		23419.5062283628		20909.3077000928		18758.9412997118		16896.1239592163		15266.736718054		13829.4514874059		12552.1601057851		11409.5372706564		10381.3381556621		9451.1845359454		8605.6832584251		7833.77548178		7126.2491215636		6475.368644774		5874.5905201041		5318.3420527737		4801.84771586		4320.9914855452

				aktuálně potřebná axiální síla na kladku		N		F2  = N2 * sin a * n * x		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759

				ekvivalentní délka styku dvojkužele a věnce		mm		k1 = r1s * (-Rs) / (r1s - Rs)		37.3171589208		35.8091607233		34.3285508207		32.8745897874		31.4465645778		30.0437873602		28.6655944116		27.3113450715		25.9804207479		24.6722239757		23.3861775225		22.1217235389		20.878322752		19.6554536984		18.4526119953		17.2693096463		16.1050743818		14.9594490302		13.8319909198

				ekvivalentní délka styku dvojkužele a kotoučů (průměrná hodnota)		mm		k2 = rsc * r2cs / (rsc + r2cs)		9.0180644795		9.7486433622		10.4662017581		11.1710846727		11.8636250289		12.544144192		13.2129524667		13.8703495688		14.5166250734		15.1520588395		15.776921415		16.3914744199		16.9959709122		17.5906557349		18.1757658468		18.7515306376		19.3181722271		19.8759057517		20.4249396358

				aktuální Hertzův*/ tlak mezi věncem a dvojkuželem		MPa		s1H = (36728*N1 / t v /k1)0,5		1026.9709068333		987.6392597618		953.1223228223		922.5300899987		895.1864280959		870.5672344867		848.2591462147		827.9311822595		809.3147860807		792.1894761861		776.3723319465		761.7101588184		748.0735613911		735.3523982105		723.4522528501		712.2916628133		701.7999206552		691.9153119976		682.5836903334

				aktuální Hertzův*/ tlak mezi kotoučem a dvojkuželem		MPa		s2H = (36728*N2 / tk /k2)0,5		1096.8505413063		1054.9503745047		1018.1448545808		985.4995951537		956.3027754601		930.0014020191		906.1585356831		884.4237953742		864.5125293585		846.1907974264		829.264341129		813.5703485387		798.9712139436		785.3497456834		772.6054412289		760.6515596827		749.4127976191		738.8234267078		728.8257885329

				efektivní hodnota prokluzu působeného změnou převodu podél šířky styku dvojkužele a věnce (typ "creep")		%		p1 = 0,5 *Di1os		0.7210170789		0.7509265481		0.7828095416		0.816868053		0.8533326151		0.8924675255		0.9345772624		0.9800144229		1.0291896188		1.0825839209		1.1407646494		1.2044056099		1.2743133074		1.3514613055		1.4370358439		1.532497268		1.6396640541		1.760829765		1.8989290385

				efektivní hodnota prokluzu působeného změnou převodu podél šířky styku dvojkužele a kladky (typ "creep")		%		p2  ~  0,5 * Di2os		1.4381919005		1.3247766954		1.2287950006		1.1465140428		1.0751957139		1.0127859554		0.9577136992		0.9087567868		0.8649502051		0.8255218357		0.7898465524		0.7574128304		0.7277980628		0.7006500441		0.6756728968		0.6526162432		0.6312667834		0.6114416768		0.5929832924

				celková efektivní hodnota prokuzu působeného změnou převodu podél šířek styku dvojkužele s věncem a kladkou (typ "creep")		%		pc = p1 + p2		2.1592089794		2.0757032435		2.0116045422		1.9633820957		1.928528329		1.9052534809		1.8922909617		1.8887712097		1.8941398238		1.9081057566		1.9306112018		1.9618184403		2.0021113702		2.0521113496		2.1127087407		2.1851135112		2.2709308376		2.3722714418		2.4919123309

				počet kotoučů na obou kladkách celkem				x		10

				počet disků na obou věncích celkem				y		2

				Axiální síla (lomený průběh) jen hodnoty						26305.6049183118		23343.7100377378		20839.3617195245		18694.006537789		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759

				Hertzův tlak mezi kotoučem a dvojkuželem, je-li axiál.síla na kotouče stejně velká jako axiální síla na věnce				s2H1 = (36728*N1 / tv /k1)0,5 = (36728*F1/24/sin a / tv /k1)0,5		1321.2912028852		1197.1983512255		1091.753542898		1000.9348826305		921.7946263478		852.1222856018		790.2270205005		734.7927559239		684.7791362425		639.3522223408		597.8349828845		559.6712562061		524.3990604683		491.6305022079		461.0364088111		432.3343796785		405.2793262047		379.6558195773		355.2717283078

				Závislost Hertzova tlaku mezi kotoučem a dvojkuželem na převodu (axiál.síla na kotouče je stejně velká jako axiální síla na věnce a je to ta větší  ze dvou sil: síly úměrné součinu vstupního momentu  a převodu nebo síly úměrné vstupnímu momentu)						1319.2187424237		1195.2594415385		1089.9259419222		999.2009944842		956.330937499		930.0287895122		906.1852210306		884.4498406582		864.5379882781		846.2157167917		829.2887620291		813.5943072685		798.9947427454		785.3728733482		772.6281935884		760.6739600138		749.4348669814		738.845184225		728.8472516309

				*/ Pro ocelové kotouče s přímkovým stykem byla použita konstanta 3,6728 * 1010 Pa = E / 2 / p / (1 - m2), kde E je modul pružnosti a m je Poissonova konstanta				Převodový rozsah		6.1070059627

				Závislost Hertzova tlaku mezi věncem a dvojkuželem na převodu (axiál.síla na kotouče je stejně velká jako axiální síla na věnce a je to ta větší  ze dvou sil: síly úměrné součinu vstupního momentu  a převodu nebo síly úměrné vstupnímu momentu)				s1H1 = (36728*F		963.1864581959		926.2503312588		893.8301069279		865.0904772503		872.4116990488		892.5462809535		913.7504600068		936.1308115917		959.8093900549		984.9267550721		1011.6457548773		1040.1563008961		1070.681456427		1103.4852896245		1138.8831290504		1177.2551423426		1219.0645912416		1264.8827949327		1315.4239260075
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Velikost převodu

Síla [kN]

Potřebné axiální síly, jimiž na dvojkužely působí věnce a kladky, v závislosti na velikosti převodu a vstupního momentu
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transmission ratio  převod

%

Figure 3: Geometrically caused slip Obrázek 3: Prokluz způsobený geometrií



List3

		2.038747935		1.8091939259		1.6151008807		1.448830671		1.3047942517		1.178807055		1.0676735237		0.9689110003		0.880561289		0.801059025		0.7291378153		0.663762078		0.6040767239		0.5493694584		0.4990421563		0.45258886		0.4095786789		0.3696423605		0.3324616465

		2.042906674		1.9546964203		1.8855938282		1.8320386541		1.7914898693		1.7621195723		1.7426174979		1.7320638351		1.729846078		1.7356056276		1.7492056856		1.7707155824		1.8004090974		1.8387761701		1.886549067		1.9447459055		2.0147368251		2.098341581		2.1979728193

		2.038747935		1.8091939259		1.6151008807		1.448830671		1.3047942517		1.178807055		1.0676735237		0.9689110003		0.880561289		0.801059025		0.7291378153		0.663762078		0.6040767239		0.5493694584		0.4990421563		0.45258886		0.4095786789		0.3696423605		0.3324616465

		5.480334358		4.8632729245		4.3415336916		3.8945846954		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666

		10.960668716		9.7265458491		8.6830673831		7.7891693907		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333

		16.4410030739		14.5898187736		13.0246010747		11.6837540861		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999

		21.9213374319		19.4530916981		17.3661347663		15.5783387815		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666

		26.3056049183		23.3437100377		20.8393617195		18.6940065378		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799

		2.038747935		1.8091939259		1.6151008807		1.448830671		1.3047942517		1.178807055		1.0676735237		0.9689110003		0.880561289		0.801059025		0.7291378153		0.663762078		0.6040767239		0.5493694584		0.4990421563		0.45258886		0.4095786789		0.3696423605		0.3324616465

		26305.6049183118		23343.7100377378		20839.3617195245		18694.006537789		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759

		1.4420341578		1.5018530961		1.5656190832		1.6337361059		1.7066652302		1.7849350509		1.8691545248		1.9600288458		2.0583792375		2.1651678418		2.2815292989		2.4088112198		2.5486266148		2.7029226109		2.8740716879		3.0649945359		3.2793281083		3.52165953		3.797858077

		2.876383801		2.6495533909		2.4575900012		2.2930280855		2.1503914278		2.0255719109		1.9154273985		1.8175135736		1.7299004101		1.6510436714		1.5796931047		1.5148256608		1.4555961256		1.4013000882		1.3513457935		1.3052324864		1.2625335669		1.2228833537		1.1859665849

		4.3184179588		4.151406487		4.0232090844		3.9267641914		3.857056658		3.8105069618		3.7845819233		3.7775424194		3.7882796476		3.8162115132		3.8612224036		3.9236368807		4.0042227403		4.1042226991		4.2254174814		4.3702270223		4.5418616752		4.7445428836		4.9838246619

		2.038747935		1.8091939259		1.6151008807		1.448830671		1.3047942517		1.178807055		1.0676735237		0.9689110003		0.880561289		0.801059025		0.7291378153		0.663762078		0.6040767239		0.5493694584		0.4990421563		0.45258886		0.4095786789		0.3696423605		0.3324616465

		1.4420341578		1.5018530961		1.5656190832		1.6337361059		1.7066652302		1.7849350509		1.8691545248		1.9600288458		2.0583792375		2.1651678418		2.2815292989		2.4088112198		2.5486266148		2.7029226109		2.8740716879		3.0649945359		3.2793281083		3.52165953		3.797858077

		2.876383801		2.6495533909		2.4575900012		2.2930280855		2.1503914278		2.0255719109		1.9154273985		1.8175135736		1.7299004101		1.6510436714		1.5796931047		1.5148256608		1.4555961256		1.4013000882		1.3513457935		1.3052324864		1.2625335669		1.2228833537		1.1859665849

		4.3184179588		4.151406487		4.0232090844		3.9267641914		3.857056658		3.8105069618		3.7845819233		3.7775424194		3.7882796476		3.8162115132		3.8612224036		3.9236368807		4.0042227403		4.1042226991		4.2254174814		4.3702270223		4.5418616752		4.7445428836		4.9838246619
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&C&12Planetový CVT (3 věnce š. 2,5 mm, 5 kotoučů 1,5 mm)

&L            Převodový rozsah CVT: 6,132
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celkový převodový poměr CVT

[%]

Prokluz typu "creep" (různé převodové poměry podél šířky styku)
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Velikost převodu

MPa

Hertzovy tlaky při maximálním vstupním momentu (480 N.m)



List1

				Parametr		Jednotka		Označení a vzorec

		vstupní údaje		nejmenší poloměr dvojkužele		mm		rz		9.2

				½ vrcholového úhlu dvojkužele		deg		a		20

				tloušťka věnce		mm		tv		3

				tloušťka kotouče (stejná u všech; jsou vedle sebe s min. mezerami)		mm		tk		1.5

				střední poloměr obvodu prostředního kotouče		mm		rsc		90

				délka jedné kónické části dvojkužele		mm		L		52.5

				počet dvojkuželů				n		12

				koeficient tření				f		0.1

				točivý moment na vstupním hřídeli		Nm		Min		480

		závislé údaje		tangenta poloviny vrcholového úhlu dvojkužele				tg  ( p * a / 180 )		0.3639702343

				sinus poloviny vrcholového úhlu dvojkužele				sin ( p * a / 180 )		0.3420201433

				poloměr kratšího vnějšího okraje prostředního kotouče		mm		rsk = rsd - tk * tg a		89.7270223243

				poloměr delšího vnitřního okraje věnce		mm		Rd =2rz+rsd+0,5*(2L-tk+tv)*tg a		127.7814149747

				poloměr kratšího vnitřního okraje věnce		mm		Rk = Rd - tv * tg a		126.6895042719

				střední poloměr vnitřní plochy věnce		mm		Rs = 0,5 (Rk + Rd)		127.2354596233

				poloměr delšího vnějšího okraje prostředního kotouče		mm		rsd = rsc + 0,5 tk * tga		90.2729776757

				střední poloměr obvodu malého kotouče		mm		rms = rsc - tk * tg a		89.7270223243

				střední poloměr obvodu velkého kotouče		mm		rvs = rsc + tk * tg a		90.8189330271

		hodnoty měnící se při axiálním posuvu kotoučů a věnců		aktuální vzdálenost delšího kruhového okraje velkého kotouče od roviny komolého vrcholu dvojkužele		mm		dk  <  nebo  = ( L - 3tk)		0		2.5		5		7.5		10		12.5		15		17.5		20		22.5		25		27.5		30		32.5		35		37.5		40		42.5		45

				aktuální vzdálenost středu tloušťky prostředního věnce od roviny komolého vrcholu dvojkužele		mm		dv = L - dk - 0,5 tv		51		48.5		46		43.5		41		38.5		36		33.5		31		28.5		26		23.5		21		18.5		16		13.5		11		8.5		6

				aktuální poloměr dvojkužele v kontaktu se středem tloušťky prostředního věnce		mm		r1s = 0,5 (r1k + r1d)		28.8543926504		27.9444670647		27.034541479		26.1246158934		25.2146903077		24.304764722		23.3948391364		22.4849135507		21.5749879651		20.6650623794		19.7551367937		18.8452112081		17.9352856224		17.0253600367		16.1154344511		15.2055088654		14.2955832797		13.3856576941		12.4757321084

				aktuální poloměr dvojkužele v kontaktu s kratším vnitřním kruhovým okrajem prostředního věnce		mm		r1k = rz + (dv + 0,5 tv) tg a		28.308437299		27.3985117133		26.4885861276		25.578660542		24.6687349563		23.7588093706		22.848883785		21.9389581993		21.0290326137		20.119107028		19.2091814423		18.2992558567		17.389330271		16.4794046853		15.5694790997		14.659553514		13.7496279283		12.8397023427		11.929776757

				aktuální poloměr dvojkužele v kontaktu s delším vnitřním kruhovým okrajem prostředního věnce		mm		r1d = r1k + tv * tg a		29.4003480018		28.4904224161		27.5804968304		26.6705712448		25.7606456591		24.8507200734		23.9407944878		23.0308689021		22.1209433165		21.2110177308		20.3010921451		19.3911665595		18.4812409738		17.5713153881		16.6613898025		15.7514642168		14.8415386311		13.9316130455		13.0216874598

				aktuální poloměr dvojkužele v kontaktu s delším vnějším kruhovým okrajem prostředního kotouče		mm		r2cd = rz + (dk +tk) tg a		9.7459553514		10.6558809371		11.5658065227		12.4757321084		13.3856576941		14.2955832797		15.2055088654		16.1154344511		17.0253600367		17.9352856224		18.8452112081		19.7551367937		20.6650623794		21.5749879651		22.4849135507		23.3948391364		24.304764722		25.2146903077		26.1246158934

				aktuální poloměr dvojkužele v kontaktu s kratším vnějším kruhovým okrajem prostředního kotouče		mm		r2ck = r2cd + tk * tg a		10.2919107028		11.2018362885		12.1117618741		13.0216874598		13.9316130455		14.8415386311		15.7514642168		16.6613898025		17.5713153881		18.4812409738		19.3911665595		20.3010921451		21.2110177308		22.1209433165		23.0308689021		23.9407944878		24.8507200734		25.7606456591		26.6705712448

				aktuální poloměr dvojkužele v kontaktu se středem tloušťky prostředního kotouče		mm		r2cs = r2cd + 0,5 tk * tg a		10.0189330271		10.9288586128		11.8387841984		12.7487097841		13.6586353698		14.5685609554		15.4784865411		16.3884121268		17.2983377124		18.2082632981		19.1181888838		20.0281144694		20.9380400551		21.8479656408		22.7578912264		23.6678168121		24.5777423977		25.4876679834		26.3975935691

				aktuální poloměr dvojkužele v kontaktu se středem tloušťky malého kotouče		mm		r2ms = rz + (dk + 2,5 tk) tg a		10.5648883785		11.4748139642		12.3847395498		13.2946651355		14.2045907212		15.1145163068		16.0244418925		16.9343674782		17.8442930638		18.7542186495		19.6641442352		20.5740698208		21.4839954065		22.3939209921		23.3038465778		24.2137721635		25.1236977491		26.0336233348		26.9435489205

				aktuální poloměr dvojkužele v kontaktu se středem tloušťky velkého kotouče		mm		r2vs = rz + (dk + 0,5 tk) tg a		9.4729776757		10.3829032614		11.292828847		12.2027544327		13.1126800184		14.022605604		14.9325311897		15.8424567754		16.752382361		17.6623079467		18.5722335324		19.482159118		20.3920847037		21.3020102894		22.211935875		23.1218614607		24.0317870463		24.941712632		25.8516382177

				aktuální převodový poměr mezi dvojkuželem a věncem na kratším vnitřním kruhovém okraji věnce				i1k = r1k / Rk		0.223447376		0.2162650479		0.2090827198		0.2019003917		0.1947180636		0.1875357356		0.1803534075		0.1731710794		0.1659887513		0.1588064232		0.1516240951		0.144441767		0.1372594389		0.1300771108		0.1228947827		0.1157124546		0.1085301265		0.1013477984		0.0941654703

				aktuální převodový poměr mezi dvojkuželem a věncem na delším vnitřním kruhovém okraji věnce				i1d = = r1d / Rd		0.2300831307		0.2229621766		0.2158412226		0.2087202685		0.2015993145		0.1944783604		0.1873574063		0.1802364523		0.1731154982		0.1659945442		0.1588735901		0.151752636		0.144631682		0.1375107279		0.1303897739		0.1232688198		0.1161478657		0.1090269117		0.1019059576

				aktuální převodový poměr mezi dvojkuželem a věncem (uvažován kontakt ve středu tloušťky věnce)				i1s = 0,5 (i1d + i1k)		0.2267652534		0.2196136123		0.2124619712		0.2053103301		0.1981586891		0.191007048		0.1838554069		0.1767037658		0.1695521247		0.1624004837		0.1552488426		0.1480972015		0.1409455604		0.1337939194		0.1266422783		0.1194906372		0.1123389961		0.1051873551		0.098035714

				aktuální převodový poměr mezi dvojkuželem a kratším vnějším kruhovým okrajem prostředního kotouče				i2ck = rsk / r2ck		8.7182083984		8.0100280002		7.4082551537		6.8905833135		6.4405336289		6.0456684818		5.6964242238		5.3853263976		5.1064487969		4.8550323245		4.6272111608		4.4198125738		4.2302082561		4.0562023527		3.8959460325		3.7478715408		3.6106407404		3.4831045585		3.364270735

				aktuální převodový poměr mezi dvojkuželem a delším vnějším kruhovým okrajem prostředního kotouče				i2cd = rsd / r2cd		9.2346000731		8.4460403163		7.7815584951		7.2140054963		6.7236143383		6.2956507782		5.9189074694		5.5847082667		5.2862318216		5.0180410781		4.7757490753		4.5557771095		4.3551767881		4.1714971126		4.002683835		3.8470023015		3.7029776272		3.5693478247		3.4450267276

				aktuální převodový poměr mezi dvojkuželem a obvodem prostředního kotouče ve středu jeho tloušťky				i2cs = 0,5 (i2ck + i2cd)		8.9764042357		8.2280341582		7.5949068244		7.0522944049		6.5820739836		6.17065963		5.8076658466		5.4850173322		5.1963403093		4.9365367013		4.701480118		4.4877948416		4.2926925221		4.1138497326		3.9493149337		3.7974369211		3.6568091838		3.5262261916		3.4046487313

				aktuální převodový poměr mezi dvojkuželem a malým kotoučem (uvažován kontakt ve středu tloušťky kotouče)				i2ms = rms / r2ms		8.4929456053		7.8194751222		7.2449664334		6.7490998389		6.3167622416		5.9364799047		5.5993851721		5.2985163125		5.0283315794		4.7843647342		4.5629762095		4.3611703035		4.1764588302		4.0067580106		3.8503095197		3.7056193359		3.5714098784		3.4465821822		3.3301857372

				aktuální převodový poměr mezi dvojkuželem a velkým kotoučem (uvažován kontakt ve středu tloušťky kotouče)				i2vs = rvs / r2vs		9.5871579282		8.7469690067		8.0421774081		7.4424945227		6.9260389867		6.476608955		6.0819516714		5.7326293715		5.4212547845		5.1419629474		4.8900382859		4.6616462003		4.4536365137		4.2633972941		4.0887446073		3.9278383006		3.7791169193		3.6412468689		3.5130823146

				aktuální převodový poměr mezi dvojkuželem a unášečem satelitů				isat = 0,5 (i2ms + i2vs)		9.0400517667		8.2832220645		7.6435719207		7.0957971808		6.6214006141		6.2065444298		5.8406684218		5.515572842		5.224793182		4.9631638408		4.7265072477		4.5114082519		4.315047672		4.1350776524		3.9695270635		3.8167288183		3.6752633989		3.5439145256		3.4216340259

				aktuální hodnota převodového poměru mezi dvojkuželem a kladkou (vážený průměr převodových poměrů dvojkužele vůči prostřednímu kotouči a vůči unášeči satelitů)				i2Σ = (i2cs + 2 isat) / 3		9.0188359231		8.2648260957		7.627350222		7.0812962555		6.6082917373		6.1945828299		5.8296675634		5.505387672		5.2153088911		4.9542881276		4.7181648711		4.5035371152		4.3075959554		4.1280016791		3.9627896869		3.8102981859		3.6691119938		3.5380184142		3.415972261

				aktuální tečná síla mezi kladkou a dvojkuželem		N		T2 = 1000 Min / n / rcs		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898

				aktuální tečná síla mezi dvojkuželem a věncem		N		T1 = 1000 Mout / n / Rs		642.9524030905		570.6171280011		509.4560488158		457.0622926208		411.6746798138		371.9745999365		336.9550925893		305.8338412404		277.9937939647		252.9416848259		230.2784577746		209.6777881449		190.8702268627		173.6313211524		157.7725944689		143.134613432		129.5815991289		116.9971956712		105.2811159875

		závisle proměnné do grafů		aktuální diference převodového poměru (dvojkužele vůči věnci), k níž dochází mezi okrajem a středem tloušťky věnce		%		Di1os = 100 * ( i1d - i1s ) / i1d		1.4420341578		1.5018530961		1.5656190832		1.6337361059		1.7066652302		1.7849350509		1.8691545248		1.9600288458		2.0583792375		2.1651678418		2.2815292989		2.4088112198		2.5486266148		2.7029226109		2.8740716879		3.0649945359		3.2793281083		3.52165953		3.797858077

				aktuální diference převodového poměru (dvojkužele vůči prostřed-nímu kotouči), k níž dochází mezi okrajem a středem tloušťky kotouče		%		Di2os = 100 * ( i2cs - i2ck )/i2cs		2.876383801		2.6495533909		2.4575900012		2.2930280855		2.1503914278		2.0255719109		1.9154273985		1.8175135736		1.7299004101		1.6510436714		1.5796931047		1.5148256608		1.4555961256		1.4013000882		1.3513457935		1.3052324864		1.2625335669		1.2228833537		1.1859665849

				aktuální rozdíl mezi převodovým poměrem dvojkužele vůči prostřed-nímu kotouči a převodovým poměrem dvojkužele vůči unášeči satelitů		%		Di2us = 100 * ( i2cs - isat ) / isat		0.7040615769		0.6662613386		0.6366800341		0.6130780629		0.5939322024		0.5781767971		0.5650479151		0.5539861534		0.544574143		0.5364952755		0.5295057921		0.5234155048		0.5180742272		0.5133620578		0.5091823146		0.5054563232		0.5021195239		0.4991185275		0.4964088652

				celkový převodový poměr				ic = i1s * i2S		2.0451586131		1.8150683138		1.6205218632		1.453863272		1.3094904275		1.1832089798		1.071815902		0.972822734		0.8842667037		0.8045787882		0.7324896354		0.6669612437		0.6071365261		0.5523015238		0.5018567143		0.4552949582		0.4121843581		0.3721547991		0.3348872796

				Točivý moment na výstupním hřídeli v závislosti na posuvu kladky		Nm		Mout = Min / ic		981.6761342773		871.2327906016		777.8504943472		697.8543705369		628.5554052165		567.9403102932		514.4716329361		466.9549123029		424.4480177703		386.1978183205		351.5950249955		320.141396969		291.4255325192		265.1047314218		240.8912228785		218.5415799362		197.8484918867		178.6343035903		160.7458941879

				aktuální hodnota potřebné přítlačné síly kotouče na dvojkužel		N		N2 = T2 / f /x		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898		443.1004828898

				aktuální hodnota potřebné přítlačné síly disku na dvojkužel		N		N1 = T1 / f /y		3214.7620154525		2853.0856400056		2547.280244079		2285.3114631041		2058.3733990691		1859.8729996824		1684.7754629466		1529.1692062019		1389.9689698237		1264.7084241294		1151.3922888729		1048.3889407247		954.3511343133		868.1566057619		788.8629723445		715.6730671599		647.9079956447		584.985978356		526.4055799377

				aktuálně potřebná axiální síla na věnec		N		F1 = N1 * sin a * n * y		26388.3207667911		23419.5062283628		20909.3077000928		18758.9412997118		16896.1239592163		15266.736718054		13829.4514874059		12552.1601057851		11409.5372706564		10381.3381556621		9451.1845359454		8605.6832584251		7833.77548178		7126.2491215636		6475.368644774		5874.5905201041		5318.3420527737		4801.84771586		4320.9914855452

				aktuálně potřebná axiální síla na kladku		N		F2  = N2 * sin a * n * x		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759

				ekvivalentní délka styku dvojkužele a věnce		mm		k1 = r1s * (-Rs) / (r1s - Rs)		37.3171589208		35.8091607233		34.3285508207		32.8745897874		31.4465645778		30.0437873602		28.6655944116		27.3113450715		25.9804207479		24.6722239757		23.3861775225		22.1217235389		20.878322752		19.6554536984		18.4526119953		17.2693096463		16.1050743818		14.9594490302		13.8319909198

				ekvivalentní délka styku dvojkužele a kotoučů (průměrná hodnota)		mm		k2 = rsc * r2cs / (rsc + r2cs)		9.0180644795		9.7486433622		10.4662017581		11.1710846727		11.8636250289		12.544144192		13.2129524667		13.8703495688		14.5166250734		15.1520588395		15.776921415		16.3914744199		16.9959709122		17.5906557349		18.1757658468		18.7515306376		19.3181722271		19.8759057517		20.4249396358

				aktuální Hertzův*/ tlak mezi věncem a dvojkuželem		MPa		s1H = (36728*N1 / t v /k1)0,5		1026.9709068333		987.6392597618		953.1223228223		922.5300899987		895.1864280959		870.5672344867		848.2591462147		827.9311822595		809.3147860807		792.1894761861		776.3723319465		761.7101588184		748.0735613911		735.3523982105		723.4522528501		712.2916628133		701.7999206552		691.9153119976		682.5836903334

				aktuální Hertzův*/ tlak mezi kotoučem a dvojkuželem		MPa		s2H = (36728*N2 / tk /k2)0,5		1096.8505413063		1054.9503745047		1018.1448545808		985.4995951537		956.3027754601		930.0014020191		906.1585356831		884.4237953742		864.5125293585		846.1907974264		829.264341129		813.5703485387		798.9712139436		785.3497456834		772.6054412289		760.6515596827		749.4127976191		738.8234267078		728.8257885329

				efektivní hodnota prokluzu působeného změnou převodu podél šířky styku dvojkužele a věnce (typ "creep")		%		p1 = 0,5 *Di1os		0.7210170789		0.7509265481		0.7828095416		0.816868053		0.8533326151		0.8924675255		0.9345772624		0.9800144229		1.0291896188		1.0825839209		1.1407646494		1.2044056099		1.2743133074		1.3514613055		1.4370358439		1.532497268		1.6396640541		1.760829765		1.8989290385

				efektivní hodnota prokluzu působeného změnou převodu podél šířky styku dvojkužele a kladky (typ "creep")		%		p2  ~  0,5 * Di2os		1.4381919005		1.3247766954		1.2287950006		1.1465140428		1.0751957139		1.0127859554		0.9577136992		0.9087567868		0.8649502051		0.8255218357		0.7898465524		0.7574128304		0.7277980628		0.7006500441		0.6756728968		0.6526162432		0.6312667834		0.6114416768		0.5929832924

				celková efektivní hodnota prokuzu působeného změnou převodu podél šířek styku dvojkužele s věncem a kladkou (typ "creep")		%		pc = p1 + p2		2.1592089794		2.0757032435		2.0116045422		1.9633820957		1.928528329		1.9052534809		1.8922909617		1.8887712097		1.8941398238		1.9081057566		1.9306112018		1.9618184403		2.0021113702		2.0521113496		2.1127087407		2.1851135112		2.2709308376		2.3722714418		2.4919123309

				počet kotoučů na obou kladkách celkem				x		10

				počet disků na obou věncích celkem				y		2

				Axiální síla (lomený průběh) jen hodnoty						26305.6049183118		23343.7100377378		20839.3617195245		18694.006537789		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759

				Hertzův tlak mezi kotoučem a dvojkuželem, je-li axiál.síla na kotouče stejně velká jako axiální síla na věnce				s2H1 = (36728*N1 / tv /k1)0,5 = (36728*F1/24/sin a / tv /k1)0,5		1321.2912028852		1197.1983512255		1091.753542898		1000.9348826305		921.7946263478		852.1222856018		790.2270205005		734.7927559239		684.7791362425		639.3522223408		597.8349828845		559.6712562061		524.3990604683		491.6305022079		461.0364088111		432.3343796785		405.2793262047		379.6558195773		355.2717283078

				Závislost Hertzova tlaku mezi kotoučem a dvojkuželem na převodu (axiál.síla na kotouče je stejně velká jako axiální síla na věnce a je to ta větší  ze dvou sil: síly úměrné součinu vstupního momentu  a převodu nebo síly úměrné vstupnímu momentu)						1319.2187424237		1195.2594415385		1089.9259419222		999.2009944842		956.330937499		930.0287895122		906.1852210306		884.4498406582		864.5379882781		846.2157167917		829.2887620291		813.5943072685		798.9947427454		785.3728733482		772.6281935884		760.6739600138		749.4348669814		738.845184225		728.8472516309

				*/ Pro ocelové kotouče s přímkovým stykem byla použita konstanta 3,6728 * 1010 Pa = E / 2 / p / (1 - m2), kde E je modul pružnosti a m je Poissonova konstanta				Převodový rozsah		6.1070059627

				Závislost Hertzova tlaku mezi věncem a dvojkuželem na převodu (axiál.síla na kotouče je stejně velká jako axiální síla na věnce a je to ta větší  ze dvou sil: síly úměrné součinu vstupního momentu  a převodu nebo síly úměrné vstupnímu momentu)				s1H1 = (36728*F		963.1864581959		926.2503312588		893.8301069279		865.0904772503		872.4116990488		892.5462809535		913.7504600068		936.1308115917		959.8093900549		984.9267550721		1011.6457548773		1040.1563008961		1070.681456427		1103.4852896245		1138.8831290504		1177.2551423426		1219.0645912416		1264.8827949327		1315.4239260075
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Velikost převodu

Síla [kN]

Potřebné axiální síly, jimiž na dvojkužely působí věnce a kladky, v závislosti na velikosti převodu a vstupního momentu
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Transmission ratio



List3

		2.038747935		1.8091939259		1.6151008807		1.448830671		1.3047942517		1.178807055		1.0676735237		0.9689110003		0.880561289		0.801059025		0.7291378153		0.663762078		0.6040767239		0.5493694584		0.4990421563		0.45258886		0.4095786789		0.3696423605		0.3324616465

		2.042906674		1.9546964203		1.8855938282		1.8320386541		1.7914898693		1.7621195723		1.7426174979		1.7320638351		1.729846078		1.7356056276		1.7492056856		1.7707155824		1.8004090974		1.8387761701		1.886549067		1.9447459055		2.0147368251		2.098341581		2.1979728193

		2.038747935		1.8091939259		1.6151008807		1.448830671		1.3047942517		1.178807055		1.0676735237		0.9689110003		0.880561289		0.801059025		0.7291378153		0.663762078		0.6040767239		0.5493694584		0.4990421563		0.45258886		0.4095786789		0.3696423605		0.3324616465

		5.480334358		4.8632729245		4.3415336916		3.8945846954		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666		3.7887322666

		10.960668716		9.7265458491		8.6830673831		7.7891693907		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333		7.5774645333

		16.4410030739		14.5898187736		13.0246010747		11.6837540861		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999		11.3661967999

		21.9213374319		19.4530916981		17.3661347663		15.5783387815		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666		15.1549290666

		26.3056049183		23.3437100377		20.8393617195		18.6940065378		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799		18.1859148799

		2.038747935		1.8091939259		1.6151008807		1.448830671		1.3047942517		1.178807055		1.0676735237		0.9689110003		0.880561289		0.801059025		0.7291378153		0.663762078		0.6040767239		0.5493694584		0.4990421563		0.45258886		0.4095786789		0.3696423605		0.3324616465

		26305.6049183118		23343.7100377378		20839.3617195245		18694.006537789		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759		18185.9148798759

		1.4420341578		1.5018530961		1.5656190832		1.6337361059		1.7066652302		1.7849350509		1.8691545248		1.9600288458		2.0583792375		2.1651678418		2.2815292989		2.4088112198		2.5486266148		2.7029226109		2.8740716879		3.0649945359		3.2793281083		3.52165953		3.797858077

		2.876383801		2.6495533909		2.4575900012		2.2930280855		2.1503914278		2.0255719109		1.9154273985		1.8175135736		1.7299004101		1.6510436714		1.5796931047		1.5148256608		1.4555961256		1.4013000882		1.3513457935		1.3052324864		1.2625335669		1.2228833537		1.1859665849

		4.3184179588		4.151406487		4.0232090844		3.9267641914		3.857056658		3.8105069618		3.7845819233		3.7775424194		3.7882796476		3.8162115132		3.8612224036		3.9236368807		4.0042227403		4.1042226991		4.2254174814		4.3702270223		4.5418616752		4.7445428836		4.9838246619

		2.038747935		1.8091939259		1.6151008807		1.448830671		1.3047942517		1.178807055		1.0676735237		0.9689110003		0.880561289		0.801059025		0.7291378153		0.663762078		0.6040767239		0.5493694584		0.4990421563		0.45258886		0.4095786789		0.3696423605		0.3324616465

		1.4420341578		1.5018530961		1.5656190832		1.6337361059		1.7066652302		1.7849350509		1.8691545248		1.9600288458		2.0583792375		2.1651678418		2.2815292989		2.4088112198		2.5486266148		2.7029226109		2.8740716879		3.0649945359		3.2793281083		3.52165953		3.797858077

		2.876383801		2.6495533909		2.4575900012		2.2930280855		2.1503914278		2.0255719109		1.9154273985		1.8175135736		1.7299004101		1.6510436714		1.5796931047		1.5148256608		1.4555961256		1.4013000882		1.3513457935		1.3052324864		1.2625335669		1.2228833537		1.1859665849

		4.3184179588		4.151406487		4.0232090844		3.9267641914		3.857056658		3.8105069618		3.7845819233		3.7775424194		3.7882796476		3.8162115132		3.8612224036		3.9236368807		4.0042227403		4.1042226991		4.2254174814		4.3702270223		4.5418616752		4.7445428836		4.9838246619






