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STATIC CHARACTERISTICS OF OFFSET 8-LOBE JOURNAL 
BEARINGS

charakterystykI statyczne 8-poWIerzchnIoWych łożysk 
ślIzGoWych z przesunIętyMI seGMentaMI
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Abstract:   The 8-lobe journal bearings have found application in the bearing systems of spindles of grinding machines. 
The design of bearings and the large number of lobes and oil grooves assures good cooling conditions of 
bearing. These bearings can be manufactured as the bearings with cylindrical, non-continuous operating 
surfaces separated by six lubricating grooves, bearings with the pericycloidal shape of the bearing bore, and 
as offset journal bearing. 

  This paper presents the results of the computation of static characteristics of an offset 8-lobe journal bearing 
operating under the conditions of an aligned axis of journal and bush, adiabatic oil film, and at the static 
equilibrium position of journal. Different values of bearing length to diameter ratio, relative clearance, and 
lobe relative clearance were assumed. Reynolds' energy and viscosity equations were solved by means of an 
iterative procedure. Adiabatic oil film, laminar flow in the bearing gap, and aligned orientation of journal in 
the bearing were considered.

słowa kluczowe:  smarowanie hydrodynamiczne, wielopowierzchniowe łożyska ślizgowe offset, charakterystyki statyczne

Streszczenie:   Łożyska ślizgowe 8-powierzchniowe stosowane są w układach łożyskowania wrzecion szlifierek. Konstruk-
cja tych łożysk i znaczna liczba powierzchni ślizgowych oraz rowków smarowych zapewniają dobre warunki 
chłodzenia. Łożyska te mogą być wykonywane z segmentami o powierzchni kołowej, zarysie nieciągłym lub 
ciągłym; z przesuniętymi segmentami, a powierzchnie ślizgowe są oddzielone rowkami smarowymi.

  Artykuł przedstawia obliczenia charakterystyk statycznych łożysk 8-powierzchniowych z przesuniętymi seg-
mentami pracujących w warunkach równoległych osi czopa i panewki i statycznego położenia równowagi 
czopa. Założono różne wartości względnej długości łożyska, luzu łożyskowego i względnego luzu segmentu. 
Równanie Reynoldsa, energii i lepkości rozwiązano metodą różnic skończonych autorskim kodem numerycz-
nym. Przyjęto adiabatyczny i laminarny model przepływu środka smarowego w szczelinie smarowej.
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INTRODUCTION

Multilobe journal bearings are applied in different 
types of high speed rotating machines. They assure 
good thermal conditions and stability of operation 
[L. 1–4]. The requirements of more effective and 
robust design of these bearings cause that there is 
continuation of researches into their performances 

[L. 5–14]. The bearings with the offset lobes, e.g., 
offset-halves [L. 15–18] are used in accelerating 
turbo-gearboxes on the input stage [L. 15]. These 
bearings are usually 2-lobe ones [L. 15, 16] with 
horizontally displaced half bushes and they operate 
in one direction of rotation. Displacement of both 
halves causes the need for a reduction in oil flow 
and the application of segment relative clearance 
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ψs equal 2 to 3. In these offset-halves bearings, the 
circle inscribed in the bore profile touches the end 
of the convex gap of the bearing [L. 15, 17]. 

The properties of good stability and convenient 
cooling conditions allow the application of multilobe 
journal bearings in the design of grinding spindles 
[L. 11–13] too. These bearings can be designed as 
the bearings of non-continuous [L. 3] or continuous 
(pericycloid) [L. 3] bore profile. In multilobe 
bearings, the temperature rise is comparatively 
high, and it causes the problems that, in some cases, 
result in damage to the bearing. The foundation for 
the safe operation of such bearings at proper oil film 
temperature is the full knowledge of bearing static 
and dynamic characteristics. Static characteristics 
are determined by the static equilibrium position 
angles, minimum oil film thickness, maximum oil 
film temperature, and pressure, oil flow and friction 
loss, and they are very important in evaluating of 
the journal bearing performances.

Referring to the advantages of offset-halves 
bearing, it is interesting to check the static 
characteristics of the 8-lobe journal bearing [L. 18, 
19] with offset lobes. Such information can be very 
useful for both designers and users of multilobe 
journal bearings of different applications.

This paper presents the results of the 
calculations of static characteristics of 8-lobe 
journal bearings with the offset lobes and operating 
at different length to diameter ratios, bearing and 
lobe relative clearances, as well as at different 
rotational speeds of spindle. A numerical method 
by means of finite differences was applied for the 
simultaneous solution of geometry, Reynolds and 

energy, and viscosity equations on the assumption 
of adiabatic oil film. Some results were obtained 
for diathermal oil film [L. 19].

GEOMETRY, REYNOLDS AND ENERGY 
EQUATIONS

On the assumption of the parallel axis of journal 
and bearing sleeve, the geometry of oil film gap of 
multilobe journal bearing (Fig. 1) is described by 
Eqn. (1); the first term of this equation describes 
the geometry of multilobe bearing [L. 1–3].

            (1)

where: H = h/(R – r) – dimensionless oil film 
thickness, h – oil film thickness (m), R, r – sleeve 
and journal radius (m), α – attitude angle, (°),  
ε – relative eccentricity, φ – peripheral co-ordinate, 
(°), i – number of lobes 

           (2)

where: γi – angle of lobe centre point, (°), ψsi – lobe 
relative clearance (ψsi = Hmax/Hmin), γ – peripheral   
co-ordinate of the segment centre.

The journal bearing performances for adiabatic 
model of oil film can be determined by the numerical 
solution of the oil film geometry, Reynolds, energy 
and viscosity equations on the assumption of static 
equilibrium position of the journal [L. 1, 3]. The oil 
film pressure distribution was obtained from Eqn. (3).

Fig. 1.  8-lobe journal bearings: a) classic, b) general view, c) and d) offset 8-lobe geometry (c – load between lobes – LBL, 
d – load on lobe – LOL); F – bearing load, Ob, Oj – bearing and journal centre, r – radius of journal Rl – radius of 
lobe, ω – angular velocity [3, 12, 18]

Rys. 1.  Łożysko 8-powierzchniowe: a) klasyczne, b) widok ogólny, c), d) geometria łożyska 8-powierzchniowego offset (c – ob-
ciążenie między segmentami – LBL, d – obciążenie na segment – LOL); F – obciążenie łożyska, Ob, Oj – środek łożyska 
i czopa, r – promień czopa Rl – promień segmentu, ω – prędkość kątowa [3, 12, 18]

  a)        b)                  c)   d)
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    (3)

where: p – dimensionless oil film pressure,  
p = pψ2/(ηω), p – oil film pressure (MPa), (m), D, 

L – bearing diameter and length (m), t – time (sec),  
z  – axial co-ordinates, ϕ = ωt – dimensionless 
time, η – dimensionless viscosity, ψ – bearing 
relative clearance, ψ = ∆R/R (‰), ∆R – bearing 
clearance, ∆R = R – r (m).

It has been assumed for the pressure region 
that on the bearing edges the oil film pressure  
p(ϕ, z) ≥ 0 and in the regions of negative pressure, 

p

p(ϕ, z) = 0. The oil film pressure distribution 
computed from Eqn. (3) was put in the transformed 
energy equation [L. 3–14] to obtain the temperature 
and viscosity distributions. Temperature T(ϕ, z) 
on the boundaries (z = ±L/2) was determined by 
means of the parabolic approximation [L. 3]. The 
Exponential equation of viscosity was applied  
[L. 3].

Oil film temperature distribution for the 
adiabatic model of oil film was obtained from  
Eqn. (4).

where: T – dimensionless oil film temperature, 
T = T/T0, T: temperature of oil film, (°C), T0:  
temperature of supplied oil, (°C), c – specific heat of 
lubricant (J/kg°C), ρ – density of lubricant (kg/m3).

 (4)

In the case of diathermal model of oil film, 
the temperature distribution was found from the 
solution of Eqn. (5) and additional equations of 
heat conduction [L. 3, 19].

 (5)

where: KT – thermal coefficient, KT = ω ∙ η0/(ct ∙ ρ ∙ 
T0∙ ψ2), y  – dimensionless radial coordinate, Pe – 
Peclet number, Pe = ρcωr2/h.

Developed program of numerical calculation 
[L. 3] solves all above-given equations. 

RESULTS OF THEORETICAL 
INvESTIGATION

Exemplary results of computations were obtained 
for the following data: bearing length to diameter 
ratio L/D = 0.5, 0.8, 1.0, relative clearance ψ = 0.6, 
1.0, 1.2 ‰, lobe relative clearance ψs = 1 through 
4, and additionally ψs = 3.9. Rotational speeds were 
1500 through 3000 rpm.

The distributions of pressure and temperature 
that were obtained for the adiabatic model of oil 

film are presented in Figs. 2 through 4 for multilobe 
8M and 8OF journal bearings. It is interesting that 
the distributions of oil film pressure are different 
on each lobe in both considered types of bearings. 
In the case of the 8M bearing, the oil film pressure 
does not occur on the full length of lobe, e.g.,  
Fig. 3 lobe No. 6 (ϕ < 225°, 270°>). However, 
the pressure exists on the full length of each lobe 
in the case of the 8OF bearing (Fig. 4 lobe No. 6  
(ϕ < 225°, 270°>).

For comparison purposes, the oil film 
temperature distributions on the bearing peripheral 
of 8M bearings were obtained in the case of 
a diathermal model of oil film at assumed relative 
eccentricity of journal (ε = 0.4) and for the 
cylindrical (8C, ψs = 1) as well as for the multilobe 
profile (8M, ψs = 2) with the load between lobes 
(Fig. 5); at considered values of lobe relative 
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fig. 2.  oil film pressure and temperature distributions in 8-lobe journal bearing (lol)
Rys. 2.  Rozkład ciśnienia i temperatury w filmie smarowym łożyska 8-powierzchniowego (LOL)

fig. 3.  oil film pressure and temperature distributions in 8-lobe journal bearing (lbl)
Rys. 3.  Rozkład ciśnienia i temperatury w filmie smarowym łożyska 8-powierzchniowego (LBL)

fig. 4.  oil film pressure and temperature distributions in 8-lobe offset journal bearing (lbl)
Rys. 4.  Rozkład ciśnienia i temperatury w filmie smarowym łożyska 8-powierzchniowego offset (LBL)
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clearance, there is small difference in obtained 
temperature distributions (Fig. 5a and Fig. 5b). 
The highest temperatures are generated on lobe 
No. 8 (e.g., Fig. 5a) and the lowest on lobe No. 4; 
lobe No. 1 shows comparatively high temperatures, 
because the oil film transfers the heat from lobe No. 
8, i.e. the lobe showing the highest temperature. 

The diathermal model of oil film [L. 19] is more 
exact than the adiabatic one, but the computation 

of bearing characteristics for such model takes 
more time; however, there are small differences in 
computed parameters of bearing as compare to the 
adiabatic model.

Figure 6 shows the oil film pressure and 
temperature distributions on lobe No. 7 (most 
thermally loaded lobe) of the 8M bearing at 
assumed journal relative eccentricity. In the case 
of the bearing with the load on the lobe, the load 

fig. 5. oil film temperature distribution in 8-lobe cylindrical (a – 8c lbl) and multilobe journal bearing (b – 8M lbl) 
journal bearing

Rys. 5.  Rozkład temperatury w filmie smarowym łożyska 8-powierzchniowego cylindrycznego (a – 8C LBL) i wielopowierzch-
niowego (b – 8M LBL)

fig. 6.  oil film pressure and temperature distributions on lobe no. 7 and no. 8 of the 8-lobe journal bearing 8M lol (most 
thermally loaded lobe) at assumed journal relative eccentricity; the load on lobe No. 6

Rys. 6.  Rozkład ciśnienia i temperatury w filmie smarowym łożyska 8-powierzchniowego na segmencie 7 i 8 łożyska 8-po-
wierzchniowego 8M LOL (najbardziej obciążone cieplnie segmenty) dla założonego przemieszczenia względnego czopa; 
obciążenie na segmencie nr 6
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is directed on lobe No. 6 (Fig. 1d); however, for 
bearings with the load between lobes (8M LBL), 
the load direction is between the lobes No. 6 and 
No. 7 (Fig. 1c). The maximum oil film temperature 
is located over the point of nil pressure value (e.g., 
Fig. 6, the peripheral coordinate ϕ is approximately 
320°).

Journal displacements ε and static equilibrium 
position angles αeq of the different types of 8 lobe 
journal bearings at assumed lobe relative clearances 
ψsi are shown in Fig. 7. At the assumed value of 
journal displacement (e.g., ε = 0.6), the larger 
load capacity is on bearing 8M and the smallest is 
of bering 8OF (Fig. 7a; ψs = 3). As for the static 

Fig. 7.  Journal displacements (a) and static equilibrium position angle (b) of different types of 8 lobe journal bearings 
versus Sommerfeld number

Rys. 7.  Przemieszczenia czopa (a) i kąty statycznego położenia równowagi czopa (b) różnych rodzajów łożysk 8-powierzchnio-
wych w funkcji liczby Sommerfelda

Fig. 8. Effect of rotational speed on the journal displacements (a) and the static equilibrium position angles (b) versus 
Sommerfeld number

Rys. 8.  Wpływ prędkości obrotowej na przemieszczenia czopa (a) i kąty statycznego położenia czopa (b) w funkcji liczby Som-
merfelda
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equilibrium position angle αeq, the smallest values 
are on bearing 8M and the largest is on 8C (Fig. 7b).

An effect of rotational speed on the journal 
displacements ε and static equilibrium position 
angles αeq in the bearing with the load between lobes 
can be observed in Fig. 8. At the assumed journal 
displacement, an increase in the rotational speed 
causes the decrease in the load capacity (Fig. 8a; 
e.g., for ε = 0.6, S0 ≈0.09 for 1500 rpm and S0≈0.05 

at 3000 rpm). A similar situation exists for the static 
equilibrium position angle (Fig. 8b; e.g., αeq = 320°). 

The comparison of static equilibrium position 
angles αeq and maximum oil film temperature Tmax 
for the 8OF bearings are presented in Fig. 9. There 
are different arrangements of load with respect to 
the load direction. Maximum oil film temperature 
is larger for the bearing with the load on the lobe 
(Fig. 9b).

fig. 9.  comparison of static equilibrium position angles (a) and maximum oil film temperature for two types of offset 
8-lobe journal bearings

Rys. 9. Porównanie kątów statycznego położenia równowagi (a) i maksymalnej temperatury w filmie smarowym (b) dla dwóch 
rodzajów łożysk 8OF

fig. 10.  comparison of the minimum oil film thickness of two types of 8-lobe journal bearings: a) classic (lol and lbl), 
b) offset (LOL and LBL)

Rys. 10.  Porównanie minimalnej grubości filmu smarowego dwóch rodzajów łożysk 8-powierzchniowych: a) klasyczne (LOL 
i LBL), b) offset (LOL i LBL)
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A comparison of the minimum oil film 
thickness of two types of 8-lobe journal bearings 
[a – classic (8M LOL and LBL ), b – (8OF 
LOL and LBL)] is presented in Fig. 10. For the 
assumed S0 and load direction, Hmin is smaller 
for the bearing 8M (e.g., S0 = 0.4 in Fig. 10a and  
Fig. 10b – LOL).

Fig. 11 presents an effect of lobe relative 
clearance on the oil flow (Fig. 11a) and power 
loss (Fig. 11b) for three types of 8-lobe bearings. 

The largest oil flow is in the 8OF bearing and 
the smallest is in 8C, particularly in the range of 
Sommerfeld numbers below 0.05 (Fig. 11a). The 
power loss is the highest for the 8C bearing and the 
smallest is for 8OF bearing (Fig. 11b).

Fig. 12 presents the maximum oil film 
temperature at the assumed rotational speed of the 
journal and for different values of bearing relative 
clearance for the bearing with the load on the 
lobe. An increase in the bearing clearance causes 

fig. 12.  Maximum oil film temperatures at different values of bearing relative clearance versus sommerfeld number; lobe 
relative clearance a – ψs = 2.0, b – ψs = 4.0

Rys. 12.  Maksymalna temperatura filmu smarowego dla różnych wartości względnego luzu łożyskowego w funkcji liczby Som-
merfelda; względny luz segmentu a – ψs = 2.0, b – ψs = 4.0

fig. 11.  effect of lobe relative clearance on the oil flow (a) and power loss (b) versus sommerfeld number
Rys. 11.  Wpływ względnego luzu segmentu na przepływ środka smarowego (a) i straty mocy (b) w funkcji liczby Sommerfelda
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the decrease in the maximum oil film temperature 
(e.g., Fig. 12a at assumed So = 0.1, maximum oil 
film temperatures Tmax = 65°C at ψ = 0.6‰, and 
Tmax = 48°C at ψ = 1.2‰).

The effect of rotational speed on the maximum 
oil film temperature is shown in Fig. 13. An 
increase in the journal rotational speed causes the 
increase in the maximum oil film temperature in 

both cases of considered 8-lobe journal bearings, 
i.e. the bearing with the load on the lobe (Fig. 13a) 
and the load between the lobes (Fig. 13b).

Static equilibrium position angles αeq for two 
types of 8-lobe bearings, i.e. 8M and 8OF with 
the load directed between the bottom lobes are 
presented in Fig. 14 and Fig. 15, whre there were 
assumed the different bearing relative clearance 

fig. 13.  effect of rotational speed on the maximum oil film temperature for two types of 8-lobe journal bearings: a) load 
on the bottom lobe (LOL), b) load between the bottom lobes (LBL)

Rys. 13.  Wpływ prędkości obrotowej na maksymalną temperaturę filmu smarowego łożysk 8-powierzchniowych; a) obciążenie 
na segmencie dolnym (LOL), b) obciążenie miedzy segmentami (LBL)

Fig. 14.  Effect of relative clearance and lobe relative clearance on the static equilibrium position angles (8 lobe journal 
bearing 8M LBL)

Rys. 14.  Wpływ względnego luzu łożyskowego i względnego luzu segmentu na kąty statycznego położenia równowagi (łożysko 
8M LBL)
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Fig. 15.  Effect of relative clearance and lobe relative clearance on the static equilibrium position angles (8OF LBL bearing)
Rys. 15.  Wpływ względnego luzu łożyskowego i względnego luzu segmentu na kąty statycznego położenia równowagi (łożysko 

8OF LBL)

ψ and lobe relative clearance ψs. At larger values 
of lobe relative clearances ψs = 4.0, the static 
equilibrium position angles αeq are smaller than 
in the case of si = 2 (Fig. 14 and Fig. 15, e.g.,  
ψ = 0.6‰, and ψs = 2 or ψs = 4) for considered 
relative clearances ψ of bearing.

An effect of relative clearance ψ and lobe 
relative clearance ψs on the non-dimensional values 
of maximum oil film temperature T max is given in 
Figs. 16 through 18. There is smaller range of 
bearing load capacity in the case of the 8M bearing 
than in 8OF, but it is larger for the 8OF one (e.g., 

Fig. 16 and Fig. 17). An increase in bearing relative 
clearance ψ causes the decrease in maximum oil 
film temperature T max for both considered lobe 
relative clearances ψs. At a larger value of lobe 
relative clearance and at assumed bearing relative 
clearance, there is small decrease in maximum oil 
film temperature in the case of 8M and 8OF LOL 
bearings (Fig. 16 and Fig. 18), but a larger decrease 
is observed for the 8OF LBL bearing (Fig. 17, e.g., 
S0 = 0.2 and ψ = 0.6‰ , ψ = 1.0‰, ψ = 1.2‰, there 
are the different values of  T max at the lobe relative 
clearances ψs = 2, ψs = 4).

fig. 16.  effect of relative clearance and lobe relative clearance on the maximum oil film temperature (8 lobe journal 
bearing 8M LBL)

Rys. 16.  Wpływ względnego luzu łożyskowego i względnego luzu segmentu na maksymalną temperaturę filmu smarowego (ło-
żysko 8M LBL)
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fig. 17.  effect of relative clearance and lobe relative clearance on the maximum oil film temperature (8 lobe offset journal 
bearing 8OF LBL)

Rys. 17.  Wpływ względnego luzu łożyskowego i względnego luzu segmentu na maksymalną temperaturę filmu smarowego (ło-
żysko offset 8OF LBL)

fig. 18.  effect of relative clearance and lobe relative clearance on the maximum oil film temperature (8 lobe offset journal 
bearing 8OF LOL)

Rys. 18.  Wpływ względnego luzu łożyskowego i względnego luzu segmentu na maksymalną temperaturę filmu smarowego (ło-
żysko offset 8OF LOL)
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FINAL REMARKS 

The developed code of journal bearings computations 
that operates in the Windows environment allows 
for obtaining the static characteristics of the 8-lobe 
journal bearings including offset types. The results 
of computation give the basis for the analysis, 
evaluation, and for the choice of best parameters in 
the design process of multilobe bearings.

The considered rotational speeds of the 
journal have a small effect on the displacements 
of the journal and the static equilibrium position 
angles; however, it affects the maximum oil film 
temperatures

The direction of load with regard to the lobes 
arrangement of the offset 8-lobe bearings affects 
their static characteristics and, among others, the 
maximum oil film temperatures of oil film. The 
bearing geometry parameters, such as the bearing 
relative clearance and lobe relative clearance, cause 

the variation in the maximum oil film temperature 
and in the range of smaller Sommerfeld numbers, 
these temperatures are smaller for the 8-lobe offset 
bearing. More exact data on the thermal state of 
bearings can be obtained for the diathermal model 
of oil film.

Generally, there is a small effect of the bearing 
relative clearance on the displacement of journal 
and static equilibrium position angles. However, 
a larger effect on these parameters shows the lobe 
relative clearance.

Minimum oil film thickness at an assumed 
value of Sommerfeld number is larger for the 8OF 
bearing than for 8M at any arrangement of bearing 
lobes in regard to the load direction. 

At an increase of lobe relative clearance, the 
oil flow shows an increase, but there is the decrease 
in power loss that seems to be important with the 
point of power savings.
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