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Abstract: At the beginning of 21th century the literature of involute gear drives describe 

many different methods for the optimum choice of the profile shift factor. These methods 

had been worked out for one pair of drives, but leaning on the main principles these can be 

developed for simple planetary gear drives. At first we review the most significant methods 

for one pair of gears, then we advert to the methods for planetary gear drives. 
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Nowadays the literature of involute gear drives describe many different methods 

for the determination of the profile shift factor. These methods had been worked 

out for one pair of drives, but leaning on the main principles these can be general-

ized for simple planetary gears. At first we review the most significant methods for 

one pair of gears, then we advert to the methods for planetary gears. 

Literatures are known from the beginning of the 20th century that deals with the 

methods of increasing the load and lifetime of a gear. BÜCHNER [10] determined, 

that in the aspect of lifetime the fiction of the teeth is significant. He proves that for 

the amount of the friction the relative sliding is typical, with taking notice on that 

the one tooth of the pinion contact i times with the gear. This means that friction 

loss come forward once on the gear it appears i times on the pinion which is im-

portant for wearing. It means that for defining of the tooth correction we have to 

pay respect for the relative sliding on the pinion multiplied by the gear ratio i. 

CSERHÁTI [12] defined the relative sliding by drawing it along the tooth profile. 

He stated that the sliding maximum wear appears on the top of the gear. He sug-

gested to shorten the top of the bigger gear and to lengthen on the smaller gear.  

According to VIDÉKI [39] the sliding velocity is significant for the lifetime. He 

defined by the use of a general center distance between the gears, if aw>a, the slid-

ing velocity reduces. It is practical to enlarge the center distance until the potential 

of the teething allow.  

DIKER [13], SZENICZEI [32] and BOLOTOVSZKIJ [6] described the sizing for 

balanced relative sliding by that the biggest values of relative sliding on the two 

side of the line of action have to be equal. This means that calculated values in the 

contact limit points are corrected, because the relative sliding in the main point is 
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zero and increasing hyperbolically. The offset values on the line of action divided 

by the main point are always on the contact points, either equal or not. Their values 

can be efficiently lowered by increasing the pressure angle. Moreover at a given 

pressure angle the two biggest sliding can be equalized and minimized. 

COLBOURNE [11] worked out a calculating method for internal gears, where the 

tooth thickness of the external gear is increased to the previously calculated value 

by a correction factor, while the tooth thickness at the pitch circle of the inner gear 

is lowered by this factor. The correctional factor is determined to avoid the inter-

ferences with the geometry defined by the modified tooth thicknesses. 

YU [42] draws attention to that data of the cutting tool have to be known during 

the design of an internal gear, because after a sharpening the outer diameter of the 

tool is decreased, the profile shift factor also decreases. If this change is disregard-

ed at the definition of the geometric data of the internal gear, interference can hap-

pen during operation or manufacturing. 

BOTKA [8], [9] patented in 1954 the Ganz–Botka gearing system. He had shown 

that if the relative sliding is equalized at the limit contact points, there is triple 

equalization. It means that beyond the relative sliding, the momentary contact tem-

perature increasing or flash and the two-factor Almen product (products of the 

Hertz stress and sliding velocity) are also equalized and minimized. He stated that 

at lower contact angles the temperature increase of the tooth faces are the biggest at 

the contact limit points. By increasing the contact angle the heat gets its maximum 

at the contact limit points. In this case he aimed to equalize these heat pitches. 

Based on these result Botka found that it is only recommended to use heat 

equalized gearing when the gear drive has a tendency to seize. In other cases the 

equalization if relative sliding is the effective method, moreover the root strength is 

higher. It is especially true for open drives and slow running, heavy loaded drives 

which are tend to wear faster. At high running speed it is also recommended to use 

this method instead of the heat equalization, if scoring is not likely to happen. 

GAVRILENKO [19] suggested to define the profile shift factors by the equalized 

relative sliding accelerations, because the relative sliding method has a fundamen-

tal problem. Namely at the main contact point the relative sliding is zero, which 

leads to that there is no wear in turn at the roots should be significant wear. At the 

same time the practice doesn’t confirm this theory. Therefore the places and ex-

tents of wear can be determined by the relative sliding acceleration, that is the tan-

gent of the line of act and the sliding curves. In other words the places of wear and 

pitting should be determined by the changing of the derivative of the relative slid-

ing along the line of action. The best results can be achieved by equalizing the rela-

tive sliding accelerations at the contact limit points. 

By the studies of NIEMANN [28] stated that the scoring safety factor is optimal 

when the slip velocities are equal at the contact limit points. It means that the ad-

dendum contact numbers are equal. So if these numbers are equal that means the 

sliding velocities are also equal. 

BLOK [4] found during his test about scoring of gears, that happens at high local 

temperatures. It comes from the difference of the temperature of the gear body and 
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the local temperature increase at the contact spot. Scoring happens when the sum of 

the temperature of the gear body and the local temperature increase pass the so 

called scoring temperature of the lubricant. The seizure temperature can be deter-

mined experimentally. The local temperature increase can be determined by the 

differential equations created by the author, which can be used to define the contact 

temperatures of the contact points. In this way the optimal dimensions can be de-

fined for the scoring safety knowing the critical temperature of the lubricant. 

WINTER [41] created the universally applicable so called integrated temperature 

criteria method used to define the scoring toughness, based on the works of Blok 

and Niemann. The main principle of this is that the heat stress is defined by the 

sum of the temperature of the gear body and the local temperature increase which 

is considered to be permanent during the line of action. There is no scoring threat if 

the forming temperature is lower than the experimentally defined temperature 

which is based on the lubricant, the material of the gear and the loading conditions. 

With this calculations the optimal dimensions can be defined in the aspect of opti-

mal scoring conditions, but it can be hardly used for the definition of profile shift 

factors. 

TERAUCHI et al. [33], [34] performed experiments on a gear test equipment with 

closed power flow. At the contact region they achieved the EHD (elasto-

hydrodynamic) lubrication and then they seek the optimal parameters for the pro-

file shift factor which gives the best results for the scoring safety. They stated that 

slightly positive values causes significant improvement. The defined the critical 

face temperature independently from the lubricant and the material of the gear, 

where the value of the scoring safety factor is the highest. They determined that the 

scoring safety can be estimated by the critical face temperature, thus they defined 

the profile shift factor which causes this critical temperature. 

KOLONITS [22], [23] made a computer program for the Ganz–Botka gearing to 

get the thermal equalization. He uses the newest, mainly Japanese literature which 

models the heat formation and distribution. He worked out a model similar to the 

Blok theory, but simpler than the Japanese model. This give adequate results for 

the industry. 

LI–CHIOU–CHANG–YEN [26] made a computational method where during the 

design of gears using FEM analysis. There they use the pressure angle and the 

clearance using as parameters get the optimal dimension for the longest lifetime 

minimizing the Hertz stress. 

PEDERSEN–JORGENSEN [29] define the dimensions of a gear be FEM analysis 

so that the root has as much stiffness as possible. They show that in this way can be 

achieved the maximum load which means the longest lifespan at given conditions. 

KINCZEL [21] examined the straight involute gears in his paper. His work deals 

with the pairing of the machining and computing methods in details. After the 

summary of profile shift factor defining methods the author concluded that the 

refinement of tooth profiles needs the refinement of the correctional methods. By 

bringing in the universal correctional principle it can be able to get a correct profile 
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shift factor by using arbitrary friction coefficient and line pressure function. More-

over it tells which kind of correctional factor should be used. 

Starting from the general principle (using symmetric linear line pressure and 

permanent friction coefficient along the line of act) the examination of specific 

friction energies – in parity with the results of Kolonits – lead to Botka’s theory. 

Furthermore he proved that, there is a pressure angle, at which, using relative slid-

ing equation, the specific friction energie has a minimum. But this minimum is 

only the 60…30% of the compensated gearing. This pressure angle range is be-

tween 24° and 27°. 

BAGLIONI–CIANETTE–LANDI [2] worked out a method by defining the slip veloc-

ities to improve the efficiency. The proved that by lowering the sliding velocities, the 

noise, the wear and the performance degradation are also lowering. They made rec-

ommendations for choosing the profile shift factor to get the best efficiency. 

IMREK–UNUVAR [20] verify the relationship between the tooth profile, the slid-

ing velocity along the line of action, the line pressure and the flank temperature 

increase. They stated that the driving gear has to made with positive shift factor, 

while the driven gear with negative shift factor, to get the sliding velocity equalized 

at the limit contact points. This ensures the smallest value also and minimum wear. 

TERPLÁN [36], [37] worked out a calculating and constructing method for the com-

pensated teething of planetary gears. He proved that if we sizing for equalized rela-

tive sliding and using ordinates at the limit contact points, the problem of fourfold 

equalization can be reduced threefold. 

With his collaborators (SZOTA–SCHOLTZ) worked out a simpler method based 

on the VÖRÖS [40] method for the construction of the relative slidings of a plane-

tary gear. The calculation method is iterative which solves the problem of the 

threefold equalization numerically. It is advantageous to use this method to define 

the profile shift factors because it is simple and clear. He summarized the values of 

relative slidings and shift factors in tables [36], [37]. 

APRÓ [1] found out by examining the planetary gears with on degree of free-

dom, that by reducing the number of teeth of the planet gear general gearing can be 

used when the energy-flow is the following: sun gear-arm, fixed ring gear. The 

main principle of the method was that holding the good contacts it is practical the 

improvement of external contact which can be achieved by reducing the number of 

teeth. He summarized in tables the reduction of the number of teeth of the planet 

gear depending on the sum of teeth on the sun and planet gears and the pressure 

angle. 

BOLOTOVSZKIJ [5] examined the teeth correctional factors planar and spatial 

limiting contours. These contours are created in the coordinate system of profile 

shift factors by using the different interference equations as limiting function which 

create there surfaces. These surfaces are used as limits for the interference free 

zone. If the sun gear and the planet gear contact is equalized for relative sliding in 

the defined area, than the profile shift factor for the ring gear can be determined 

with an equation similar to the collinear assumption of the planetary gear.  
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In literature, beside the general solution of external contact, the following recom-

mendation can be found for the profile shift factor of the ring gear: 

According to BERGSTRÄSSER [3] the definition of the profile shift factor of the ring 

gear, after the definition of sun and planet gears as DIN 3992, are the following: 
 

𝑥3 .  𝑚 = 𝐵32 .  𝑎𝑤 + 𝑥2 .  𝑚, 
 

(1) 

where the B32 parameter is the Kutzbach involute function: 
 

𝑩𝟑𝟐 =
𝒊𝒏𝒗𝜶𝒘𝒕𝟑𝟐 − 𝒊𝒏𝒗𝜶

𝒕𝒈𝜶
, 

(2) 

 

in which the 𝛼𝑤𝑡32 pressure angle of the outer-inner contact and α is the standard 

presssure angle.  

RICHTER [31] defines the profile shift factors for external meshing according to 

DIN, but uses the following equation for the ring gear: 
 

𝑥3 = 𝑥1 + 2𝑥2. (3) 

 

KUDRJAVCEV [24] gave the same equation as Richter for the profile shift factor of 

the ring gear, but defines the profile shift factors of the external contact by the 

equalized relative slidings method. 

 

SUMMARY 

We can see that the determination of the profile shift factor is as comprehensive as 

the widespread of the usage of gears. We can settle also that there is no universal 

method for the determination of the profile shift factor, which only can ensure the 

best efficiency and longest lifespan for gears at the same time. Accordingly it is 

recommended to examine the literature carefully for the specific problem and find 

the best solution for the given conditions. 

 

ACKNOWLEDGEMENT 

This research was carried out as part of the TÁMOP-4.2.1.B-10/2/KONV-2010-

0001 project with support by the European Union, co-financed by the European 

Social Fund, in the framework of the Centre of Excellence of Mechatronics and 

Logistics at the University of Miskolc. 

 

REFERENCES 

[1] APRÓ, F.: Egy szabadságfokú fogaskerék-bolygóművek tervezésének né-

hány kérdése. Kézirat. Az NME Gépészmérnöki Karára benyújtott és el-

fogadott egyetemi doktori értekezés. Miskolc, 1967. 

[2] BAGLIONI, S.–CIANETTI, F.–LANDI, L.: Influence of the addendum modi-

fication on spur gear efficiency. Mechanism and Machine Theory, 49, 

(2012) 216–233. 



64                                                 Zoltán Tomori–Gabriella Bognár 
 

 

[3] BERGSTRÄSSER, M.: Planetengetriebe mit auswechsebarer Übersetzung. 

Maschinenbautechnik, 10, 4 (1961), 209–211. 

[4] BLOK, H.: Les températures des surface dans des conditions de graissage 

sons pression extreme. Second World Petroleum Congress. Paris, June 

1937. 

[5] BOLOTOVSZKIJ, I. A.–GURJEV, B. I.–SZMIRNOV, V. E.–SENDEREJ, B. I.: 

Cilindricseszkije evolventnije zubcsatie peredacsi vnutrennova zacap-

lenyija. Masinosztrojenie, Moszkva, 1977, 135–144. 

[6] BOLOTOVSZKIJ, I. A.–BOLOTOVSZKAJA, T. P.–BOCSAROV, G. Sz.–

GURJEV, V. I.–KURLOV, B. A.–MERKURJEV, I. A.–SZMIRNOV, V. E.: 

Szprovocsnik po geometricseszkomu raszcsotu evolventnih zubcsatih i 

cservjacsnih peredacs. Masgiz., Moszkva, 1963, 24–40. 

[7] BOTKA, I.: Egységes magyar homlokkerék fogazási rendszer. Mérnöki 

Továbbképző Intézet, Budapest, 1953. 

[8] BOTKA, I.: Fogaskerék-méretezés kiegyenlített kontakt-hőmérsékletre. 

Gép, 16. évf. 1964. 11. szám, 425–430.  

[9] BOTKA, I.–ERNEY, Gy.: Fogaskerékpárok méretezése. Egyenes fogazat. 

Akadémiai Kiadó, Budapest, 1973, 14–23.  

[10] BÜCHNER, K.: Beitrag zur kenntnis der Abnutzungs- und Reibungsver-

hältnisse der Strinzahnräder. Zeitschrift des VDI, Nr. 5. Februar 1902, 

159–166, 278–284.  

[11] COLBOURNE, J. R.: The geometric deisgn of internel gear pairs. Gear 

Technology, May/June 1990, 28–37.  

[12] CSERHÁTI, J.: Gépelemek. Egyetemi jegyzet, amelyet készített Vidor J. 

Rezső. é. n. 53–56.  

[13] DIKER, J. I.: Evolventnije zaceplenyije sz uprjamimi zubcami. Organyetall, 

1935. 

[14] DIN 3992. 

[15] DROBNI, J.: Hajtóművek Gépszerkezettana II. c. egyetemi előadásai az 

NME Gépészmérnöki Karán a Géptervező Szak Általános Gépészeti Ága-

zatos hallgatóinak az 1980/81-es tanévben. 

[16] DROBNI, J.–SZENTE, J.–GÓDOR, I.: Belső fogazatú fogaskerékpár csúszási 

sebességének kiegyenlítése. NME Közleményei III. sorozat. Gépészet, 27. 

Miskolc, 1981. 

[17] DROBNI, J.: Metszőkerék tervezése belső fogazatú fogaskerékhez. Terve-

zési segédlet. Gé. 79-2067. NME, Miskolc, 1979, 10–29.  



An overview to choose the profile shift coefficient for involute gearing including…            65 
 

 

[18] ERNEY, Gy.: Fogaskerekek. Műszaki Könyvkiadó, Budapest, 1983, 5. 

fejezet. 

[19] GAVRILENKO, V. A.: Osznovi teoriji evolventnoj zubcsatoj peredacsi. 

Masinosztrojenie, Moszkva, 1966, 234–245.  

[20] IMREK, H.–UNUVAR, A.: Investigation of influence of load and velocity 

on scoring of addendum modified gear tooth profiles. Mechanism and 

Machine Theory, 44 (2009), 938–948.  

[21] KINCZEL, F.: Egyenes fogú evolvens fogazatú hengeres kerékpárok foga-

zathatárai és fogazathelyesbítése. Kézirat. Az NME Gépészmérnöki Kará-

ra benyújtott és elfogadott műszaki egyetemi doktori értekezés. Miskolc, 

1975. 

[22] KOLONITS, F.: Hőfokvillám-kiegyenlítés egyenes fogú evolvens kereke-

ken. Műszaki Tudomány, 49. 1975. 353–370.  

[23] KOLONITS, F.: Fogaskerék-villámhőmérséklet II. A változó kapcsolódási 

viszonyok hatása. Műszaki Tudomány, 52. 1976. 183–198.  

[24] KUDRJAVCEV, V. N.–KIRDASEV, Ju. N.: Planetarnije Peredacsi. Masi-

nosztrojenie. Leningradszkoje otdelenyije, Leningrad, 1977, 137.  

[25] LÉVAI, I.–SZARKA, Z.: D-függvény a fogaskerekek geometriai méretezé-

séhez. NME Gépelemek Tanszékének Közleményei, 203. sz. Miskolc, 

1969, 1–23.   

[26] LÍ, C. H.–CHIOU, H. S.–HUNG, C.–CHANG, Y. Y.–YEN, C. C.: Ingeg-

ration of finite element analysis and optimum design on gear systems. Fi-

nite Elements in Analysis and Design, 38 (2002), 179–182.  

[27] LITVIN, F. L.: A fogaskerékkapcsolás elmélete. Műszaki Könyvkiadó, 

Budapest, 1972, 226–238.  

[28] NIEMANN, G.: Maschinenelemente. Band II. Springer Verlag, Berlin (Göt-

tingen)– Heidelberg, 1965. 

[29] PEDERSEN, N.–JORGENSEN, F. J.: On gear tooth stiffness evaluation. 

Computers and Sturctures, 135 (2014), 109–117.  

[30] POLDER, J. W.: Overcut interference in internal gears. International 

Symposion on Gearing and Power Transmissions. Tokyo, 1981. 

[31] RICHTER, W.: Auslegung von innenverzahnungen und Plametengetrieben 

Kostruktion. Bd. 14, Nr. 12 (1962), 489–497.  

[32] SZENICZEI, L.: Az általános fogazás. Királyi Magyar Egyetemi Nyomda, 

Budapest, 1941, 135–148. 

[33] TERAUCHI, Y.–NADANO, H.: Effect of tooth profile modification on the 

scoring resistance of spur gear. Wear, Vol. 80, No. 1 (1982), 27–41.  



66                                                 Zoltán Tomori–Gabriella Bognár 
 

 

[34] TERAUCHI, Y.: Scoring of spur gear teeth. Lubrication Engineering, Vol. 

40, No. 1 (1984), 13–20.  

[35] TERPLÁN, Z.–APRÓ, F.–ANTAL, M.–DÖBRÖCZÖNI, Á.: Fogaskerék-

bolygóművek. Műszaki Könyvkiadó, Budapest, 1979, 17–19, 92–104.  

[36] TERPLÁN, Z.: Gépelemek II. Kézirat. Tankönyvkiadó, Budapest, 1981, 

26–28.  

[37] TERPLÁN, Z.: A fogaskerék-bolygóművek méretezési kérdései. Kézirat. A 

TMB-hez benyújtott és elfogadott akadémiai doktori értekezés. 1965, 39–

54.  

[38] TOMORI, Z.: Relatív csúszásra optimalizált kb típusú fogaskerék-

bolygóművek számítógépes tervezése. Géptervezők VI. Országos Szemi-

náriuma. Miskolc, 1985. 

[39] VIDÉKI, E.: Fogaskerekek. „Pátria” Irodalmi Vállalat és Nyomdai Rt., 

Budapest, 1912, 94.  

[40] VÖRÖS, I.: Gépelemek III. Fogaskerekek. Tankönyvkiadó, Budapest, 

1956, 101–121.  

[41] WINTER, H.–RICHTER, M.: Verzahnungswirkungsgrad und 

Fresstragfähigkeit von Hypoid- und Schraubenradgetrieben. Antriebstech-

nik, Bd. 15, Heft 4 (1976), 211–218. 

[42] YU, D. D.: On the interference of internal gearing. Gear Technology, 

July/August 1989, 12–44.  

 


