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Harjutustund nr 1

Harjutusülesannete näited

Hertz’i kontakt ja määrimine
HERTZ’i KONTAKTPINGED
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Hertz’i kontaktpinge arvutus, on-line kalkulaatorid:
[WWW]  http://www.tribology-abc.com/calculators/e2_1.htm
[WWW]  http://www.mesys.ch/?page_id=54&lang=en
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Joon. 25. Suurema kontaktpinnaga tross.
Joon. 26. Väiksema kontaktpinnaga tross.
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Joon. 27. Trumli trossi juhtsooned.
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Joon. 28. Kontaktpinge arvutamise skeem. Ratas veereb ilma libisemata mööda horisontaalset tasapinda. Leida maksimaalne kontaktpinge kontaktalas. 
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[WWW]  psi -> GPa   (MPa)
http://www.translatorscafe.com/cafe/units-converter/pressure/calculator/gigapascal-%5BGPa%5D-to-psi-%5Bpsi%5D/
[WWW] lbf -> N

http://www.tiniusolsen.com/resource-center/lbf-n.html
[WWW] in -> mm

http://calculator-converter.com/in_to_mm_inch_to_millimeters_inch_to_millimetres_conversion.php
pmax < 3 ∙σy, surve        plastsed materjalid (terased)
pehmem materjal
pmax ≈ 145 MPa = 0,1 GPa
Liblegrafiitmalm. Hallmalm: GJL-200;   HB 195...275;   σu = 200 ... 300 MPa
Teras 45:  HB 200;   σy = 500 MPa
pmax ≈ 145 MPa = 0,1 GPa  << 3 ∙ 0,5 = 1,5 GPa
[WWW]  http://www.tribology-abc.com/calculators/e2_1.htm
[image: image9.emf]
MÄÄRIMINE

Väljavõte P.Põdra konspektist ”Masinaelemendid. 8. Masinaelementide mehaaniline kontakt”
Masinaelementide määrimise vajadus:
Masinaelementide MÄÄRIMISE PÕHIEESMÄRK = hoida detailide pinnad masina töö käigus üksteisest lahus selliselt, et nende vahel puuduks otsene kontakt.

Sellisel juhul on minimeeritud pinnakonaruste adhesioon!
Määrdeainete teisi üleandeid:

1. Kontakti HÕÕRDUMISE vähendamine – väheneb kontaktis genereeritud soojus ning temperatuur on madalam;

2. Masinaeleementide JAHUTAMINE – õli ringluse ja jahutusega viiakse soojust masinast välja;

3. Abrasiivosakeste VÄLJAVIIMINE kontaktist – õli filtreerimisega eraldatakse osakesed õlist;

4. Masinaelementide KORROSIOONIKAITSE – määrdeaines sisalduvad ained moodustavad pindadele kaitsekihid;

5. KOORMUSTE ülekanne – hüdrauliline toime ja mittekohanduva kontaktiala suurendamine;

6. ELEKTRIISOLATSIOON , jt.

Pindade MÄÄRIMINE:

· vähendab liugehõõrdumist oluliselt kuna:

- määrdeaine nihketugevus on väike;

- takistab pindade kontakti ja adhesiooni teket;

- tekitab pindadele (keemilise) kaitsekihi, mis takistab pindade kontakti ja adhesiooni teket;

· vähendab kontakti temperatuuri.
Adhesioonkulumise ohu vähendamine

Kontakti määrimine:

· määrdeaine eraldab pinnad teineteisest (sama mõju on ka pindadel leiduvatel muudel kihtidel – mustus, oksiidid, niiskus, jne.);

· määrdeaine valik (õige viskoossus ja keemiline koostis) sõltub kontakti parameetritest;

Abrasioonkulumise ohu vähendamine

Määrdeaine (õli) puhtuse tagamine;

· õli ja õhu filtreerimine;

· määrdeainete käitlemise õiged meetodid;

· tihendite parendamine;

· õigeaegne ja korrektne määrdeaine vahetus;
Pindväsimus ja selle ohu vähendamine

Sobivama määrdeaine kasutamine

– et kontaktsurved laotuks võimalikult suurele alale:

· suurem viskoossus;

· parem puhtus;

· õige keemiline koostis.

Optimeeritud määrimine:

· kõrge määrdeaine kvaliteet;

· õige määreaine tüüp ja koostis;

· õige määrdeaine kogus;

· õiges kohas;

· õigeaegselt uuendatud;

· pidev monitooring – õlianalüüs;

· haritud personal

· jne jne.

Masinaelementide korrosioonkulumise vähendamise võimalused:

Kontakti määrimise parendamine:

· suurem pinnakaredus;
Õige määrdeaine kasutamine:

· suurem viskoossus;

· oksüdeerumist pidurdav koostis;

· sagedane määrdeaine vahetus.
Reduktori määrdeaine valikupõhimõtted
(Lubrication Selection for Enclosed Gear Drives)
Õlivann määrimine kasutatakse siis, kui reduktori (tigureduktori) hammasrataste ringkiirus ei ületa   12,5 m/s. Suurematel nurkkiirustel kasvab õlile mõjuv tsentrifugaaljõud, mille tõttu õli hulk hambumises väheneb, kasvavad võimsuse kaod õli segunemisel ja kasvab õli temperatuur.

Õli valiku põhimõte:

Mida suurem on hammasratta pöörlemissagedus (väiksemad koormused), seda väiksema viskoossusega õli tuleks kasutada.
Mida suuremad reduktori ülekandearvud, seega suuremad kontaktpinged hambumises, seda suurema viskoossusega õli tuleb kasutada.

[WWW]  http://www.machinerylubrication.com/Read/707/enclosed-gear-drives
Print Lawrence G. Ludwig, Schaeffer Mfg. Company  


Selecting the proper industrial gear lubricant is important to the long-term efficient operation of the gear drive. There are many factors to consider when selecting an industrial gear lubricant for a particular application. These factors are summarized in Table 1.



Reduktori omadused

Nõuded määrdeainetele
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Table 1. Reduktori omadused, mis mõjutavad reduktori määrdeaine valikut

Factors Affecting Selection of Industrial Gear Lubricants
In addition to considering these factors, the gear lubricant selected for a particular application should match the recommendations of the original equipment manufacturer (OEM). These lubrication specifications can be found inscribed either on the industrial gear drive’s nameplate or in the published specifications found in the operator’s manual. These lubrication specifications are designed to balance the lubrication needs of the bearings, which generally require a light-viscosity lubricant. The specifications are also designed to balance the lubrication needs of the gears, which usually require the use of a medium- to high-viscosity lubricant. This balance can be achieved only through proper viscosity selection. 
Viscosity and Viscosity Selection  

Viscosity is the most important property of any lubricating oil. Viscosity provides the proper thickness of the oil film at the operating temperature and conditions to keep the mating surfaces of the gears and bearings apart during hydrodynamic lubrication conditions. It also allows for the proper flow of the lubricant to carry frictional heat away from the stress points along with any wear debris or contaminants present. In addition, the viscosity of the industrial gear lubricant selected is important to the overall load-carrying ability of the gear lubricant. The higher the viscosity, the higher the load-carrying contribution to the industrial gear lubricant. However, care must be taken in selecting the proper viscosity for an industrial gear application. The use of too heavy of a viscosity can result in excessive heat generated, excessive power losses, decreased gearbox efficiency and improper oil flow. 
The optimum selection will take into consideration ambient temperatures, the operating temperatures, drive loads and operating speeds that are most desirable in keeping wear rates at a minimum. 
As mentioned previously, the manufacturer of the industrial gear drive generally will specify the viscosity grade to use based upon the ambient temperatures and operating conditions. An original equipment manufacturer (OEM) will usually specify the industrial gear lubricant’s required viscosity grade in centistokes (cSt) at 40°C (104°F), in Saybolt Universal Seconds (SUS) at 100°F (38°C) or reference the required AGMA or ISO viscosity grade. The ways these different viscosity grades can be specified by an industrial gear drive OEM are summarized in Table 2. 
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Table 2. Markeerimine. Viskoosuse järgud temperatuuril 40 °C  (õli sisetakistus voolamisel ja nihkel). Ühikud cSt (sentistoke)
 Viscosity Ranges

[WWW] http://en.wikipedia.org/wiki/Viscosity
Viskoossuse mõõtühikud erinevates mõõtühikute süsteemides
	Viskoossus
	Mõõdusüsteem
	Mõõtühikud
	Ühiku dimensioon

	Dünaamiline 
	CGS 
	puaas ja sentipuaas või 
	dyn .s /cm2 ehk g/cm .s

	 
	 
	njuuton-sekund
ruutmeetri kohta 
	N .s/m2

	 
	SI 
	paskal-sekund
	Pa.s

	 
	 
	sentipaskal-sekund
	cPa.s

	 
	 
	millipaskal-sekund
	mPa.s

	Kinemaatiline
	CGS
	stooks ja sentistooks
	cm2 /s; mm2/s

	 
	SI
	ruutmeeter / sekund
	m2 /s 


Viskoossusühikute vahekord on järgmine: 

1 puaas = 0,0102 kG . s/m2 = 0,1 N . s/m2
1 kG . s/m2 = 9,806 N . s/m2
1 stooks = 10-4 m2/s
1 centistooks = 10-6 m2/s 

If the OEM does not specify a particular viscosity grade to use or the lubrication recommendations are no longer available due to lost maintenance records, misplaced operator’s manuals or painted-over nameplates, the correct viscosity grade for a particular industrial gear lubricant can still be determined. 
There are many ways to determine what viscosity grade should be used for a particular industrial gear drive application. One of the easiest and perhaps the most overlooked ways is to go directly to the OEM’s Web site. Many OEMs offer PDF files of the lubrication recommendations for the different types of gear drives they manufacture. 
Another good source for determining the appropriate viscosity for a particular type of industrial gear drive is the AGMA 9005-E02 “Industrial Gear Lubrication” standard (formerly AGMA-D94). The AGMA 9005-E02 standard shows suggested viscosity grades for industrial gear drives operating under normal loads over a range of speeds and ambient temperatures. 

Õliudu määrimine
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Table 3. Industrial Gear Lubricant Viscosity Selection2
 Õliringlussüsteemiga määrimine
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Table 4. Industrial Gear Lubricant Viscosity Selection3
A third method to determine ideal viscosity grade is to use Table 3 or 4. The viscosity grade selection is based upon the industrial gear drive’s horsepower rating, reduction ratio, the speed of the gear drive in rpm and the type of lubrication method used to lubricate the gears. 
The fourth and final method that can be used to select the viscosity grade uses the following equation.1
1. Calculate the Viscosity
[image: image14.png]7,000





V40 = Kinematic Viscosity @ 40°C, cSt
V1 = Pitchline velocity of the lowest speed gear, feet per minute (fpm)
= 0.262 X speed (pinion rpm) X pinion diameter (inches)
2. If there is no oil cooler on the industrial gear drive, it’s best to determine the maximum expected ambient temperature during operation and:
. Increase one ISO Viscosity Grade if the ambient temperature exceeds 95°F (35°C). 
a. Increase two ISO Viscosity Grades if the ambient temperature exceeds 122°F (50°C).
a. If there is an oil cooler, the maximum ambient temperature is less important because the oil’s temperature can be controlled. Therefore the viscosity should be based on the oil’s temperature.
. Increase one ISO Viscosity Grade if the oil temperature exceeds 150°F (65°C). 
a. Increase two ISO Viscosity Grades if the oil temperature exceeds 185°F(85°C).
a. If the oil temperature exceeds 194°F (90°C), use a cooler such as a fan or a heat exchanger.
a. The pour point of the industrial gear lubricant should be at least 9°F (5°C) below the minimum expected ambient temperature during start-up. If this cannot be achieved, use an industrial gear lubricant that has a lower pour point, such as one that is formulated with semisynthetic or synthetic base fluids, or use a heater to heat the oil before starting the industrial gear drive. 
Other Considerations 
Selecting the proper viscosity grade for an industrial gear drive application is a key step. However, there are other factors to consider. These include the type of gearing, the loads and transmitted power applied to the industrial gear drive, the speed of the gears, the operating and/or ambient temperatures, the materials used and the condition of the gears. These factors can help with determining the type of industrial gear lubricant to use for a particular application. 
The four types of industrial gear lubricants that could be used in the lubrication of industrial gear drives include rust and oxidation (R&O) inhibited oils, extreme pressure (EP) gear oils, compounded gear oils, and synthetic gear oils. 
Rust and Oxidation Inhibited Gear Oils 
Rust and oxidation inhibited gear lubricants can perform well over a wide range of gear sizes and speeds and ambient temperatures ranging from -5°F to 250°F (-15°C to 121°C). R&O inhibited oils are commonly used to lubricate high-speed single helical, herringbone reduction gear sets that have pitchline velocities greater than 3,500 feet/minute (17.5 meters/second) and are subjected to light to moderate loads. They are also used in the lubrication of spur, straight bevel and spiral bevel gear drives that are subjected to light loads. 
R&O inhibited industrial gear lubricants are ideal for lubricating bearings if both the gears and bearings are lubricated from the same system. Constant relubrication by the use of either splash lubrication or circulation lubrication systems of the gear teeth is preferred because R&O inhibited industrial gear oils do not adhere to the surface of the gear teeth. They can be used effectively to cool the gear mesh and flush the tooth surfaces of wear particles or debris. 
R&O inhibited gear oils can be easily conditioned with filters and heat exchangers for consistent temperature and cleanliness. 
Extreme Pressure Gear Oils
EP gear lubricants are recommended for use with spur, straight bevel, spiral bevel, helical, herringbone and hypoid-type gear drives that are subjected to high loading conditions, moderate to high sliding conditions and high-transmitted power conditions. Because some types of EP gear lubricants contain chemically active additives systems, care must be taken if they are used in systems where the gears and bearings are lubricated from the same system or if they are used in heavily loaded worm gear drives. EP gear lubricants can contain active chemistries that are corrosive to brass or bronze components. When used in these applications, the lubricant supplier should be contacted to determine if the EP gear lubricant can be used in such applications. EP gear lubricants that utilize nonactive sulfur chemistries or borate chemistries that are noncorrosive to yellow metal components are available. 
Some EP gear lubricants will also contain solid lubricants such as graphite or molybdenum disulfide that are held in a suspension. These solid lubricants are formulated into the industrial gear lubricant to further improve the gear lubricant’s load-carrying capabilities. When EP gear lubricants that contain solid lubricants are used, care must be taken if fine filtration is used. Extremely fine filtration can remove solid lubricants. Ideally, if an EP gear lubricant containing solid lubricants is going to be used, the solid lubricants should be collodially suspended and have a particle size no greater than 0.5 microns. 
EP gear lubricants should never be used in industrial gear drives that use internal backstops, such as those found on conveyor belts, or in the lubrication of cooling tower gear drives that employ ratchets. The EP chemistry will not allow the clutch or sprag mechanisms to properly engage, resulting in the mechanism slipping. This can cause serious safety hazards, such as a conveyor belt continuing to turn or slip after the enclosed industrial gear drive is shut off. 
These industrial gear lubricants perform well over a range of gear sizes and speeds and ambient temperatures ranging from -5°F to 250°F (-15°C to 121°C). Constant relubrication by the use of either splash lubrication or circulation lubrication systems of the gear teeth is preferred because EP industrial gear oils do not adhere to the surface of the gear teeth. They can be used effectively to cool the gear mesh and flush the tooth surfaces of wear particles or debris. 
EP gear lubricants can be easily conditioned with filters and heat exchangers for consistent temperature and cleanliness. 
Finally, the use of EP gear lubricants cannot compensate for design or mechanical inadequacies, where an enclosed industrial gear drive is used in a poorly designed application or where the enclosed industrial gear drive is at or near its useful life. The use of EP gear lubricants under these conditions will postpone the final failure of the enclosed gear drive only for a brief time. 
Compounded Gear Oils 
Compounded gear oils are used primarily to lubricate enclosed worm gear drives, where the high sliding action of the gear teeth requires a friction-reducing agent to reduce heat and improve efficiency. The surface active agent, which is a fatty or synthetic fatty oil, prevents sliding wear and provides the lubricity needed to reduce sliding wear. Their use is limited by an upper operating temperature of 180°F (82°C). Constant relubrication by either splash lubrication or circulation lubrication systems of the gear teeth is preferred because R&O inhibited industrial gear oils do not adhere to the surface of the gear teeth. They can be used effectively to cool the gear mesh and flush the tooth surfaces of wear particles or debris. 
Most worm gear drives normally require an ISO 460 or 680 compounded oil, and in some cases an ISO 1000. The viscosity grade required depends upon the worm gear drive’s speed and operating temperature. Generally the lower the worm’s gear speed, the heavier the viscosity grade. 
Synthetics 
Synthetic gear oils are primarily used in spur, straight bevel, spiral bevel, helical, herringbone and hypoid worm enclosed gear drive applications whenever petroleum-based industrial gear lubricants have reached their performance limits. Synthetic gear lubricants can contain R&O inhibited additive systems or contain antiwear or EP additives. They are used in enclosed gear drive applications where very low or high ambient and/or operating temperatures are encountered. Synthetic gear lubricants offer the following advantages in enclosed gear drive applications:4
· Improved thermal and oxidation stability 
· Improved viscosity-temperature characteristics (high viscosity index) 
· Very good to excellent low temperature characteristics 
· Lower volatility and evaporation rates 
· Reduced flammability (dependent upon the type of synthetic base used) 
· Improved lubricity at mesh temperatures above 185°C 
· Resistance to the formation of residues and deposits at high temperatures 
· Improves efficiency due to reduced tooth-related friction losses (low traction coefficients) 
· Lower gearing losses due to reduced frictional losses (low traction coefficients) 
· Extended oil drain intervals 
· Reduced operating temperatures especially under fully loaded conditions 
· Reduced energy consumption 
Selection Summary 
Though more than one type of enclosed industrial gear lubricant can be used in the lubrication of enclosed gear drives, careful analysis of all the factors outlined in Table 1 should be used when selecting an industrial gear lubricant for a particular application. Table 5 presents a guide for selecting an enclosed gear lubricant for various gear types. 
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Table 5. Industrial Gear Lubricants Used with Different Gears
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Related Articles 

· Easy Testing for Grease Thickness 

· Properties of Enclosed Gear Drive Lubricants 

· Gearbox Oil Analysis Case Study 
· Lubrication System for a Gearbox 

Määrdeaine viskoosuse klassifikatsioonide võrdlus

COMPARATIVE VISCOSITY CLASSIFICATION
Castrol [WWW] http://www.castrol.com/castrol/sectiongenericarticle.do?categoryId=9032170&contentId=7058757
Lubricants are classified according to their performance against test methodologies and other physical criteria that are appropriate to their intended end use. 

One lubricant physical characteristic that is measured and classified against criteria appropriate for the end use application is viscosity. 
This table compares the kinematic viscosity of a lubricant at 40C (left vertical axis) and 100C (right verticle axis) with a Classification Number defined by a recognised industry body appropriate for the lubricant end use. 
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1. The International Standards Organisation (ISO) Viscosity Grade number 

2. The American Gear Manufacturers Association (AGMA) Lubricant number 

3. The Society of Automotive Engineers (SAE) Gear Viscosity number 

4. The Society of Automotive Engineers (SAE) Viscosity number (used for automotive applications) 

5. The fifth column represents common numerical classifications applied to base oil cuts of defined viscosity ranges

Veerelaagrite määrimine
Lubrication of rolling bearings

[WWW] http://www.mitcalc.com/doc/bearings/help/en/bearingskftxt.htm
The reason for lubricating rolling bearings is to create a carrying lubrication film on contacts between rolling bodies with orbital paths of the rings. In addition, the lubricant protects the bearing from corrosion, improves its sealing, exhibits cooling effects and lubricates the surfaces of the bearing with sliding friction. 

Rolling bearings can be lubricated by plastic or liquid lubricants. Selection of a suitable lubricant is determined, above all, by the speed, operational temperature, position of the shafts, general concept of seating and economy of operation. If permitted by operational conditions, greases are preferred with rolling bearings. 

Grease lubrication
Grease lubrication is preferential particularly as regards easy operation, economy and sealing of bearings against dirt and moisture. It enables a simple arrangement of seating and is better suited for high and surge loading. Greases must show good lubrication capability and high chemical, thermal and mechanical stability. The market offers a wide range of suitable greases. In addition, most producers of rolling bearings offer their own ranges of lubricants.

Greases offered by SKF

	Design.
	Description
	Viscosity [mm2/s]
	Temperature [°C]

	
	
	40 °C
	100 °C
	

	LGMT2
	All purpose industrial and automotive
	110
	11
	-30 ... 120

	LGMT3
	All purpose industrial and automotive
	120
	12
	-30 ... 120

	LGEP2
	Extreme pressure, high load
	200
	16
	-20 ... 110

	LGLT2
	Low load and temperature, high speed
	15
	3.7
	-55 ... 100

	LGHP2
	High performance and high temperature
	96
	10.5
	-40 ... 150

	LGFP2
	Food compatible
	130
	7.3
	-20 ... 110

	LGGB2
	Biodegradable and low toxicity
	110
	13
	-40 ... 120

	LGLC2
	Low temperature and high speed
	24
	4.7
	-40 ... 120

	LGWA2
	Wide temperature range
	185
	15
	-30 ... 140

	LGHB2
	High viscosity and high temperature
	450
	26.5
	-20 ... 150

	LGET2
	Extreme temperature
	400
	38
	-40 ... 260

	LGEM2
	High viscosity
	500
	32
	-20 ... 120

	LGEV2
	Extreme high viscosity
	1000
	58
	-10 ... 120

	LGWM1
	Extreme pressure, low temperature
	200
	16
	-30 ... 110


Grease has a limited life in the bearing. The reason is its leakage from the bearing and impairment of its properties over the course of time. Therefore, it is necessary to refill or replace the lubricant at certain time intervals. The refill intervals will depend on the type and size of bearing and operational conditions. The recommended refill periods are given for individual bearings in catalogues of the producers

Oil lubrication
Lubrication of rolling bearings by oil is not so good and is usually used only in the following cases: 

· Speed of the bearing is so high that refilling intervals for lubrication by grease would be too short 

· Operational temperature is higher than the permissible temperature for greases 

· The adjacent parts are lubricated by oil 

· Lubrication by oil flow is required for intensive cooling of the bearing 

· Lubrication of spherical roller bearings 

Depending on the operational conditions and desired design of seating several different types of oil lubrication of rolling bearings are used (oil bath, circulation of oil, spraying of oil, oil mist). Bearings are usually lubricated by mineral oils. Kinematic viscosity is the decisive property of oil; it decreases with increasing temperature. Practical experience shows that in the case of common seating the viscosity of oil should not drop below 12 mm2/s at operational temperatures. The rated viscosity that is determined in dependence on the mean diameter and speed of the bearing is the guiding factor for the selection of an oil with suitable operational viscosity.

Rated viscosity 1
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The qualitative standard of lubrication of rolling bearings is given in the viscosity ratio:
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where:
 .... viscosity of the lubricant at operational temperatures [mm2/s]
1 ... rated viscosity [mm2/s]

For the viscosity ratio <1 it is recommended to use a high-pressure oil with EP additives. Very long fatigue life can be achieved at =3..4.

Viscosity of mineral oils 40 at reference temperature 40 °C (~100 °F).
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100 GPa 





F = 3600 N  (367 kg). Kui L = 51 mm, siis F’N = F/L =70588 N/m





207 GPa 





L = 51 mm 





Ød =153 mm 
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