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Abstract

A numerical-based model is proposed to estimate drag and churning losses

in high speed roller bearings, which is caused by the rotation and translation of

the rollers in the fluid environment inside the bearing. Three existing models for

the total hydraulic loss prediction are used to validate the numerical approach,

including the SKF model, the Palmgren model, and the Parker model. After

that, the validated model is employed to analyze drag and churning losses of

counter-rotating roller bearings, having obvious advantage over the other three

models. Results show that the numerical model is close to the Parker model and

partly similar with the SKF model if the supply of the lubricant oil is sufficient.

And the estimated result by the Palmgren model is always the lowest. For the

counter-rotating roller bearing, it is demonstrated that the drag and churning

losses are rather serious due to its two rings rotating together, and they are

related to the bearing supporting design. This is of importance for the intershaft

supporting application in turbine engine where precise lubricating system design

is a big challenge.
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1. Introduction

In a rotating machinery system like turbine engine, roller bearings play a

key element since they support rotating shafts and rotors. Understanding heat

generation mechanisms is a major issue for high speed roller bearings (such

that Ndm > 106) in consideration that additional heat generation and higher5

temperature due to excessive power losses within the bearing adversely impact

its contact fatigue and scuffing failure modes [1]. In addition, the bearings

play an important role for the fuel consumption and the CO2 emission since

they contribute up to 10kW per bearing to the total power losses within the

engine. The amount of heat generated also dictates the quantity of lubricant10

oil required, as well as the capacity of the total lubrication system [2].

For the roller bearing, a small part of the oil is used to lubricate the contact

zone and most of the oil is used to take away the heat. Larger amounts of

oil can definitely enhance the heat dissipation. However, the increase of oil

supply leads to larger capacity pumps and a higher power loss of the engine.15

Further, the oil also acts as a heat source for high speed application, named

as the windage drag and churing losses, which may constitute a relatively large

portion of the bearing’s total power loss (up to 50% for high speed applications).

These losses are caused by a host of factors as a result of oil/air drag force and

churning moments on the bearing element’s surface [3]. Generally, the force20

exerted on the bearing element as it translates through the lubricant with the

cage is called drag. It results from the shear stress by the lubricant viscosity and

the compressive stress on the element. Those stresses are exerted contrary to

the rolling direction of the element and form the drag force [4]. And the moment

imposed due to rotation of the element in the lubricant is called churning. It is25

mainly caused by the shearing of the oil at the rolling element surface.

While there have been a large body of work dealing with mechanical friction

losses in roller bearings [5, 6], there are only a few studies available on modeling

the drag and churning losses, or named hydraulic losses. For drag force, Harris

used the result of one isolated element in an infinite medium, which is two-30
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dimensional and ignored the effect of all surroundings [7]. This model is too

simplified to represent the real bearing configuration. For churning moments,

the various approaches used could only provide a rather gross approximation,

only to establish general trends in a parametric design study [8, 9]. And in

view of the complicated internal geometry of the bearing and the operating35

environment, it is impossible to distinguish these two contribution of hydraulic

losses by experimental tests [10]. So that both the effects of drag and churning

are merged to one viscous or load-independent torque in many existing bearing

friction models, where the Palmgren model and the SKF model are the most

used. Besides, Parker employed the model in the program SHABERTH for the40

viscous loss calculation, to predict thermal performance of bearings.

In addition, for the drag and churning losses investigation, there is an as-

sumption used that all bearing elements are completely submerged in a uniform

fluid. However, for most bearing applications, only a small fraction of the bear-

ing cavity is filled with the oil [11]. To solve this problem, in most bearing45

simulation tools, an empirical adjustment factor is used to simply adjust the

applicable fluid density [12]. To improve the predicting performance, Parker de-

veloped an equation to predict the oil volume percent inside the bearing cavity,

despite the model he used to calculate the viscous loss is from Harris, which has

been proven to be too simplified [13].50

In the last years, the authors proposed several formulas for the drag force and

churning moments prediction in roller bearings, based on a series of numerical

investigation [14, 15]. In addition, an equation is derived to estimate the oil

volume fraction inside the bearing with under-race lubrication, based on the

oil/air two-phase flow simulation. It is defined as a function of oil flow rate, oil55

property and rotating speeds. In this article, these numerical-based formulas

are employed to predict the drag and churning losses in roller bearings, and the

results are compared with three existing hydraulic losses prediction models to

verify its capability, e.g. Palmgren model, SKF model, and Parker model. Then

the validated numerical model is applied to predict drag and churning losses in60

a special counter-rotating roller bearing, which is beyond the capacity of the
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three existing models.

2. Existing hydraulic losses prediction models

There have already been quite a few investigations of bearing friction torque

[16]. Palmgren [17] presented a bearing model of friction torque and divided it65

into load-independent torque and load-dependent torque. SKF presented their

model of bearing power loss by experimental fitting and gave some recommended

values for the parameters in their equations [18]. These models come from plenty

of experimental studies and the results have been reduced to a simple model,

in which the hydraulic losses or load-independent losses are accounted as a70

seperated part.

Palmgren model

According to Palmgren, the bearing friction torque is divided into two parts

which are load-independent friction torque and load-dependent friction torque.

After converting the units of load-independent friction torque from kg/mm to75

N/m, the equation of load-independent friction torque of the bearing when

lubricated by oil is shown in Equation 1.

 M0 = 1.5572 × 10−6f0pd
3
m if ηωp < 2 × 10−6

M0 = 9.81 × 10−3f0pd
3
m(ηωp )

2
3 if ηωp ≥ 2 × 10−6

(1)

Then the method of Palmgren was used by Harris but the values of param-

eters were updated.

Mv = 10−10f0(v0n)
2
3 d3m v0n ≥ 2000

Mv = 160 × 10−10f0d
3
m v0n < 2000

(2)

Where v0 is the kinematic viscosity, cSt; n is the bearing rotating speed,80

rpm; dm is the pitch diameter of the bearing, mm; f0 is the factor depending

on bearing design and lubricating method in Palmgren model (for cylindrical

roller bearing = 2 – 3) and Harris model (for cylindrical roller bearing = 2.2 –

4).

SKF model85
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According to SKF, the friction torque of bearings can be divided into four

parts. Load-independent friction torque can be divided into friction torque of

seals and friction torque of drag losses, churning, splashing etc. Load-dependent

friction torque can be divided into rolling friction torque and sliding friction

torque. And the hydraulic losses (named drag loss by SKF) could be calculated90

as following.

Mdrag = 4×10−3VMKrollCwBd
4
mn

2+1.093×10−10n2d3m(
nd2mft
ν

)−1.379Rs (3)

Kroll =
KLKZ(d+D)

D − d
10−12 (4)

Cw = 2.789 × 10−10l3D − 2.786 × 10−4l2D + 0.0195lD + 0.6439 (5)

lD = 5
KLB

dm
(6)

ft =

sin(0.5t) when 0 ≤ t ≤ π

1 when π < t < 2π
(7)

Rs = 0.36d2m(t− sint)fA (8)

t = 2cos−1(
0.6dm −H

0.6dm
) When H ≥ dm, use H = dm (9)

fA = 0.05
KZ(D + d)

D − d
(10)

Where H is the oil level for the bearing with oil bath lubrication, while for

oil jet lubrication, H is at half of the diameter of the lowest rolling element and

Mdrag should be multiplied by a factor of two.

It should be emphasized that in the two models above, the effect of the oil95

volume flow rate is not considered and the bearing is regared as full-lubricated.
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Theoretically, with more oil flow rate, the oil phase volume fraction inside the

bearing cavity is higher, with more windage drag and churning losses.

Parker model

Parker [13] deduced an equation to calculate the oil percent volume in bear-100

ing cavity based on a range of experimental tests. The computer program

SHABERTH was used to calculate the thermal performance of three selected

ball bearings for the comparison [12]. The oil volume fraction was derived as a

function of lubricant flow rate, shaft speed, and bearing pitch diameter.

XCAV = 10.0 × 106
W 0.37

nd1.7
(11)

Where W is the inlet oil flow, cm3/min, n is the inner shaft speed, rpm, and105

d is the bearing pitch diameter, mm. Depending on the oil/air volume ratio

inside the bearing cavity, the effective density and viscosity of the equivalent

fluid could therefore be expressed as

ρeff = (ρoil × oilvolume+ ρair × airvolume)/totalvolume

∼= ρoil ×
oilvolume

totalvolume
= ρoil ×XCAV

µeff = (µoil × oilvolume+ µair × airvolume)/totalvolume

∼= µoil ×
oilvolume

totalvolume
= µoil ×XCAV

In the progarm SHABERTH, all hydraulic losses are named drag loss and

accounted by the model of one isolated element in an uniform fluid.110

Fr =
1

2
CdρV

2A (12)

Where Fr is the drag force, N , ρ the mass density of the fluid, kg/m3, V

the velocity at which the body is traveling, m/s, and A the frontal area of the

body to the flow direction, m2. Here the drag coefficient Cd plays a dominant

part in the drag force calculation, as a function of the Reynolds number, both
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Figure 1: Drag coefficient of the isolated sphere and cylinder [20]

for a smooth cylinder and a smooth sphere, as shown in Fig. 1 [19]. Since115

all the analysis are performed using MIL-L-23699 type lubricants, the Parker

model should not be used with lubricants whose properties vary significantly

from MIL-L-23699.

3. Numerical-based drag and churning losses model

Thanks to the development of computer science and computational fluid120

dynamics (CFD) [21], the numerical simulation is becoming an increasingly

approach that can help the investigtaion in drag and churning losses in roller

bearings [22]. The authors analyzed numerically one configuration with several

in-line finite-length circular cylinders sandwiched by two flat walls, with periodic

boundary conditions (Fig. 2) [14], which represents a simplified approach close125

to the real bearing. Different factors, e.g. roller rotational speed, roller orbital

speed, fluid properties, and roller geometry parameters, are studied to verify

their effects to the drag and churning losses.

Drag force on the roller

For the drag force acting on the roller in bearings, a simple expression for130

the drag coefficient versus the Reynolds number is as shown below [15], based

7



3 HPeriodicity

10D

1,01D

Symmetry

Figure 2: Geometry and boundary conditions in the numerical investigation

Figure 3: Drag coefficient of the roller in bearings as a function of the Reynolds number

on the line in the Fig. 3.

Cd =
Fr

2ρV 2A
= 35.02 ×Re−0.9899 + 0.05975 (13)

Churning moments on the roller

Based on the numerical data, two individual formulations are proposed to

evaluate churning moment components on the roller cylindrical surface and two135

circular ends, respectively. For either the cylindrical surface or the free end, the

moment is combined with two parts, the static component (Mc0,Me0) which

is caused by the roller rotating, and the dynamic component (Mcs,Mes) as a

result of the roller orbiting along the runway [14]. For the churning moment on
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the cylindrical surface,140

Mc = Mc0 +Mcs (14)

The static component is from Rumbarger [12], and the most important factor

is the calculation of friction wall shear stresses on the element surface.

Mc0 = τAcr (15)

where Ac is the surface area and r the reference radius from the center of

rotation. The wall shear stress, τ , is given by:

τ =
1

2
fρU2 (16)

with ρ the mass density; U the mass average velocity of the fluid; and f the145

friction factor which is defined for vortex turbulent flow (for Ta > 41):

f

fL
= 1.3(

Ta

41
)0.539474 (17)

where Ta = ρωrc
µ

√
c
r is the Taylor number, and fL = 16/Re the laminar friction

factor when Re < 2500.

The dynamic component is developed from the numerical simulation about

the interaction between the fluid and the rollers (Fig. 4).150

Mcs = CcsρV ωAcr
2µ0.818, Ccs = 30.745 (18)

And the formula of churning moment on the roller end should be

Me = Me0 +Mes (19)

The static component is from von Karman [8], characterized by the flow over

a disk rotating in a fluid initially at rest.

Me0 =
1

2
Ce0ρω

2r5 (20)
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where Cn =

3.87/Re0.5 if Re < 300, 000

0.146/Re0.2 if Re > 300, 000
155

And the dynamic component could be expressed by an equation of the form:

Mes = CesρV ωAer
2µ0.603, Ces = 4.174 (21)

(a) Cylindrical surface

(b) Roller end

Figure 4: Churning moment as a function of the fluid viscosity in roller bearings
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Oil volume fraction inside the bearing cavity

The above formulas are obtained in a one-phase environment, whereas the

fluid inside the bearing cavity is oil/air mixture and its equivalent fluid proper-

ties should be based on the oil volume fraction.160

For the oil/air two phase flow inside the bearing cavity, the CLS-VOF

method for multiphase flow is conducted to track the oil behavior in a con-

figuration with the whole bearing components and oil supplying system, and to

quantify the influence of various factors on the oil distribution [23]. The lubri-

cant oil used is respected to the MIL-L-23699 type and the air is regarded as165

ideal at atmospheric pressure. The finite volume method is used to discretely

solve the governing equations with the code ANSYS Fluent. To model the effect

of turbulence in a high-speed rotating condition, the k−ε renormalization group

(RNG) turbulence model is employed in the numerical investigation. A more

detailed discussion about the numerical method could be found in the reference170

[24]. In the numerical model, the clearance between the roller and raceway is

enlarged three times of the radial clearance of the bearing, to avoid bad mesh

quality [22, 25, 26]. Hence, the pumping action of the rollers is ignored. It’s

found that the oil distribution along the bearing circumference is not uniform

(Fig. 5), whereas a formula to estimate the average oil volume fraction in the175

bearing with under-race lubrication could finally be obtained (with oil injection

velocity 20 m/s). It is found that not only the inner ring rotating, but the cage

orbiting, the outer ring rotating, and the relative rotating between the inner

ring and the cage could change the average oil volume fraction in the bearing,

as shown in the Fig. 6.180

XCAV = 2.58 × 104 × (ωi − 0.1972ωre)
1.313

W 0.5µ

(ωi + ωo)(ωi + 1.768ωc)d1.7m
(22)

Where ωi, ωo, ωc are the inner ring, outer ring and the cage rotational speed,

respectivly, rpm. ωre is the inner ring-cage relative speed, rpm. W is the oil

volum flow, cm3/min. µ is the oil dynamic viscosity, Pa.s. And dm is the

bearing pitch diameter, mm.

11
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Figure 5: Oil volume fraction distribution along the bearing circumference with under-race

lubrication

Figure 6: The average oil volume fraction as a function of the inner ring-cage relative speed
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Table 1: Roller bearing specifications

Pitch diameter (mm) 48.5

Bearing width (mm) 14

Number of rollers 16

Roller diameter (mm) 7.14

Roller length (mm) 10

Radial clearance (µm) 80

With the formulas for drag force and churning moments calculation in roller185

bearings, and the oil volume fraction predicting equation, the total drag and

churning losses in roller bearing with under-race lubrication could be obtained.

4. Example drag and churning losses analysis

According to the equations in frame of reference about drag and churning

losses analysis method used by Palmgren, SKF and Parker, and the method de-190

veloped by the authors based on the numerical investigation, functions are built

for each model. To validate the accuracy of the proposed numerical drag and

churning losses prediction method, results of these four models are calculated

and compared. The cylindrical roller bearing specification used for the analysis

is listed in Table 1. The lubricant oil used here is respected to the MIL-L-23699195

type lubricant oil with a popular trade name Mobile Jet 2. Respectively, the

lubricant oil density is 976 kg/m3 and the viscosity is 0.018 kg/(m.s). The oil

is supplied through the inner ring and the oil injection velocity is 20 m/s. The

calculation results will be presented in detail.

4.1. Bearings with inner ring rotating200

The three existing models (Palmgren, SKF, Parker) were built according

to a series of experimental tests for bearing with inner ring rotating, having a
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certain accuracy for its specific operating conditions. For example, the SKF

model is developed for bearings lubricated by the oil bath method, partially

submerged or, in special situations, completely submerged. Despite the effect205

of oil volume flow rate is not considered, it could be assumed that the bearing

is full-lubricated or, excessive-lubricated.

The effect of bearing rotating speed

The bearing rotating speed has a very significant effect on the roller bearing

power loss so that drag and churning losses changing with the rotating speed210

are analyzed first. Fig. 7 illustrates the calculation results of different drag

and churning losses prediction models. The oil volume flow rate is set as 2000

cm3/min and the inner ring rotating speed ranges from 2000 to 80000 rpm. It

could be found that the SKF model gets the largest predicted hydraulic losses

and Palmgren model is the lowest for most inner ring rotating speeds. This215

results correspond with the fact that the bearing in the SKF model is assumed

to be full-lubricated. Noting when the bearing rotating speed reaches up to

80000 rpm, the oil flow rate 2000 cm3/min is not enough for lubricating. Thus

the SKF model has the largest predicted value. In addition, the numerical

model results match well with the Parker model, which is proposed from the220

comparison of bearing thermal performance over a range of test conditions. This

demonstrates that the numerical model is reliable and valuable in terms of the

total drag and churning losses prediction.

If we increase the oil volume flow rate up to 3000 cm3/min, as shown in

Fig. 8, only the results of the Parker model and numerical model could be225

changed, which take this factor into account. For the bearing rotating speed

from 2000 rpm to 80000 rpm, results of the SKF model, Parker model and

numerical model are similar, and larger than that of the Palmgren model. In

this condition, the bearing is regarded as sufficient-lubricated. If the oil volume

flow rate is increased further to 4000 cm3/min, as shown in Fig. 9, the bearing230

is over-lubricated and the result of the numerical model is obviously larger than

the other three models. It means that larger amounts of lubricant oil flow can

definitely lead to larger heat generation.
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Figure 7: Hydraulic losses from different models at different inner ring rotating speed (Oil

flow rate 2000 cm3/min

Figure 8: Hydraulic losses from different models at different inner ring rotating speed (Oil

flow rate 3000 cm3/min)
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Figure 9: Hydraulic losses from different models at different inner ring rotating speed (Oil

flow rate 4000 cm3/min)

The effect of the oil flow rate

Now that a large amount of oil volume flow leads to a higher power loss and235

too small oil flow may cause a lubrication failure, a sufficient assessment of the

lubricated bearing is of particular importance. Fig. 10 shows results of these

four models with a fixed bearing rotating speed 72200 rpm, as a function of the

oil volume flow rate. The SKF model and Palmgren model are constant which

are regarded as full-lubricated by default. The results of the Parker model and240

the numerical model are close and increase obviously with the increase of the

oil flow rate.

Based on the above analysis, it is demonstrated that the numerical model for

drag and churning losses estimation in roller bearings is reliable and reasonable.

The predicted result of the SKF model is usually a little too high while the245

Palmgren model is always too low. For the Paker model, its result is close to

the numerical one, but it can’t distinguish the drag and churning effects, and

it can’t be used directly for the counter-rotating roller bearing with under-race

lubrication.

As shown in the Fig. 11, the total hydraulic losses, caused by the roller250

rotating and translating in the fluid environment, are contributed by three parts,
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Figure 10: Hydraulic losses from different models at different oil flow rate (Inner ring rotating

72200 rpm)

drag loss, churning loss on the cylindrical surface, and churning loss on the free

end. The churning loss on the cylindrical surface takes the most proportion of

the total hydraulic losses and the other two parts only take a small percentage.

This is disagreed with the previous research which named the total hydraulic255

losses as drag loss.

4.2. Counter-rotating roller bearings

Advanced engine configuration studies have shown large advantages for en-

gine with counter-rotating spools with intershaft counter rotating roller bearings

[27]. Whereas a severe challenge is met for its thermal behavior analysis using260

traditional methods [28]. For example, with the additional rotating of the outer

ring, the SKF model and the Palmgren model fail and the oil volume fraction

inside the bearing cavity can’t be estimated by the Parker formula. Since the ef-

fect of the outer ring rotating is considered in the numerical model formulation,

it could be used directly for the drag and churning losses prediction in counter265

rotating roller bearings with under-race lubrication.

The effect of rotating speeds

Fig. 12 presents different parts of the hydraulic losses in roller bearing with

17



Figure 11: Partial of hydraulic losses at different oil flow rate (Inner ring rotating 72200 rpm)

different outer ring rotational speeds. The inner ring rotational speed is 28000

rpm and the oil volume flow rate is 2000 cm3/min. The rotating direction270

of the rings is adverse. It could be found that the lines are seperated to two

regimes when going from 0 to large outer-ring rotational speed. In the low

speed range, the average oil volume fraction inside the bearing decreases slowly,

while churning losses increase quickly. The drag loss reduces as a result of the

decrease of the cage speed. When the outer ring rotating speed is about 21000275

rpm, the drag loss may even disappear with a hovering cage [29].

In the high speed range, the cage rotates in the outer ring’s direction and

the relative inner ring-cage speed increases, leading to a dramatic decrease of

the oil volume fraction. Though all bearing components rotating speeds become

quicker, the total hydraulic losses reduce. It may be confirmed that the bearing280

is poor-lubricated in this range. In most counter rotating conditions, the bearing

hydraulic losses are higher than that with only inner ring rotating.

In addition, in turbine engine there are two kinds of inter-shaft bearing

mounting configurations, named the natural arrangement and the inverted one

[30], as shown in Fig. 13. The former supports the high speed rotor on the outer285

ring and the low speed shaft on the inner ring, while the latter is opposite. To

present the difference of these two configurations, another condition is analyzed

18



Figure 12: Partial of hydraulic losses with different outer ring rotating speeds (Inner ring

rotating 28000 rpm)

with different inner ring rotating speeds, as shown in Fig. 14 . The outer

ring rotating speed is fixed to 28000 rpm and the oil volume flow rate is 2000

cm3/min.290

It could also be found that, the lines are also seperated to two regimes

obviously. In the low speed range, the oil volume fraction increases when the

inner ring rotating speed is lower than 38000 rpm. After that, the cage rotating

direction changes and begins to increase, resulting in the decrease of the oil

volume fraction. The total hydraulic losses keep to increase during all this295

process.

The effect of the oil flow rate

Fig. 15 shows the total hydraulic losses and average oil volume fraction with

different oil volume flow rate, in the natural configuration and the inverted one,

respectively. The two rings’ rotating speed combination is 28000/10000 rpm.300

For the natural configuration, with a higher outer ring rotating speed, the cage

rotates in the outer ring’s direction, which increases the relative inner ring-

cage speed, being against to the oil volume fraction. The lower oil distribution

inside the bearing leads to a lower hydraulic losses for the bearing in the natural

configuration. However, it should be drawed attention whether the bearing is305

sufficient lubricated and cooled or not, with complete thermal analysis of the

19



High speed rotor

Low speed rotor

Outer ring

Inner ring

High speed rotor

Low speed rotorOuter ring

Inner ring

Figure 13: The natural (top) & inverted (bottom) configurations

Figure 14: Partial of hydraulic losses with different inner ring rotating speeds (Outer ring

rotating 28000 rpm)
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Figure 15: Hydraulic losses with different oil volume flow rate in different configurations

(28000/10000 rpm)(The full line for hydraulic losses, the dash line for oil volume fraction)

bearing.

If the bearing rotating combination is changed to 28000/20000 rpm, as shown

in Fig. 16, it is illustrated that the loss difference between the two configurations

decreases as a result of the reduce of the rotating speed difference. The average310

oil volume fraction is still a key element in determining the total hydraulic losses.

5. Conclusions and future work

In this paper an investigation is made in order to validate the numerical

model for the estimation of drag and churning losses in high speed roller bear-

ings, which is developed by the authors in previous research. Three existing315

models, e.g. the SKF model, the Palmgren model and the Parker model, are

used here for the validation. Due to coming from experimental tests, the three

existing models are reliable for their specific conditions. So that in the first step,

the total drag and churning losses (or named hydraulic losses) for the bearing

with only inner ring rotating are calculated and results of all four models are320

compared. Results demonstrate that the numerical model agrees well with the

Parker model for most calculated conditions, and is close to the SKF model only

if the bearing is full-lubricated. Noting that the oil flow rate is not considered
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Figure 16: Hydraulic losses with different oil volume flow rate in different configurations

(28000/20000 rpm)(The full line for hydraulic losses, the dash line for oil volume fraction)

in the SKF model and the Palmgren model. In addition, the numerical model

could distinguish different contributions of the hydraulic losses, unlike the other325

three models.

Then the numerical model is employed to estimate drag and churning losses

in counter rotating roller bearing with under-race lubrication, which is beyond

the capacity of the other three models. Results show that churning loss on the

roller cylindrical surface takes the most part of the total hydraulic losses, while330

the drag loss occupies a rather small proportion. Compared with the inverted

configuration with faster-rotating inner ring, the losses of the bearing in the

natural configuration is smaller, with relative lower average oil volume fraction

inside the bearing. This work proposes an effective method for the drag and

churning losses estimation for high speed roller bearings, especially for intershaft335

supporting bearings in modern multi-shaft turbine engine.

Our ongoing studies on this topic focuses on the complete thermal analysis

of roller bearings, taking account the entire power losses, as well as heat transfer

between different components and the oil system. An experimental equipment

will be built to verify the difference between the natural configuration and the340

inverted one.
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