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Transmission-Equipped Wheel Hub Motor Consisting

#RH =

of Two Electric Motors and The Performance

Evaluation

R. Morita, S. Yamamoto, M. Oike

Kb 78

Electrification of cars is rapidly proceeding in recent years. Wheel hub motors are known as one of the most promising

electrical drive units, because they are applicable to various types of vehicle, such as hybrid electric vehicles (HEVs), electric

vehicles (EVs), and fuel cell vehicles (FCVs). However, commercialization has yet to be achieved due to the difficulty in motor

miniaturization while delivering both large drive torque and sufficient maximum speed. NSK has focused on the problem and

developed a downsizing technology of the wheel hub motor by using two small electric motors and a unique transmission.

The wheel hub motor has two speeds (Low/High) for forward and achieves shockless and smooth gear shifting by controlling

the rotational directions and speeds of the two electric motors. We have built a test vehicle in order to conduct driving tests

and confirmed fundamental functions and performance of the wheel hub motor.
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Fig. 3 Gear train skeleton diagram of the developed
wheel hub motor
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Table 1 Major specifications of the developed wheel

hub motor
ltem Value
Max. power 25 kW
Max. torque (Low mode) 850 Nm
Max. torque (High mode) 400 Nm
Max. vehicle speed 135 km/h
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Estimation of Traction Curves Under Practical Operating
Conditions

H. ltagaki

To make the traction drive device compact, lightweight, and highly efficient, it is important to accurately estimate traction
curves that express the rheological behavior of the oil film formed at the contact area of the rolling elements. A method for
estimating traction curves based on creep theory has been proposed. Compared with other methods, this method features
few free parameters in the mathematical model, allowing for simple calculations.

The method requires curve fitting using measured traction curves to identify a parameter (limit shear stress) depending
on temperature. However, it is more practical to obtain this temperature-dependent limit shear stress without curve fitting;
therefore, this paper proposes a method for estimating traction curves that can simultaneously estimate the limit shear

stress by applying conventional methods based on creep theory.
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Improving the Efficiency of Derivative Development

Through Systematic Restructuring

M. Oba

In order to continue business in a diversifying and complicated market environment, it is necessary to refine design in

stages from a systematic viewpoint and build a method of derivative development based on core assets. In this article, we

will introduce the contents of our efforts in working towards this goal.

By defining the development process and creating products accordingly, we can verify the validity of the process and

work on improvements from this point forward. After this, we will establish core assets, define the derivative development

process, and shift these ideals into practice for verification.
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Weight Reduction of Column-Type EPS Through
Gearbox Thinning

T. Kichikawa, T. Koike, T. Ishii

NSK develops and produces electric power steering (EPS) systems that improve the fuel economy of automobiles and
reduce their environmental impact. In recent years, calls for environmental conservation have intensified globally, making the
reduction of CO, emissions through improved automobile fuel economy more important than ever.

Lowering weight, improving efficiency, and increasing output are some example methods for improving fuel efficiency
through EPS systems. For this new development, we focused on reducing EPS weight through gearbox thinning. We

reduced the weight of the gearbox housing by 20 % while satisfying required performance though a casting quality

prediction method and a FEM analysis of the optimum design method.
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Recent Technical Trends in Hub Unit Bearings
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T. Sakaguchi

In recent years, environmental regulations regarding CO, emissions and fuel consumption have spread across the world,

causing increased requests for low friction in bearings and weight reduction in particular. Challengingly, hub unit bearings

require reliability that does not fail even in harsh environments. In terms of reliability design, the application of waterresistant

grease and high-reliability seals reduces market risk in emerging countries where operating conditions are more severe. A

29 % reduction in friction has been achieved by incorporating highly functional grease and devising an enhanced seal design.

In addition, transitional responsiveness has become increasingly required for handling stability in recent years. Finding

correlations in not only bench tests but also actual vehicle tests will be required in future efforts.
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Low-Friction Technology for Tapered Roller Bearings

Y. Saikawa

Recently, strengthened global regulations and a growing environmental consciousness have increased requests for the

reduction of CO, emissions and improvement of fuel consumption.

In the case of transmissions (T/M) for instance, reducing weight, increasing compactness, and decreasing friction loss

are ongoing goals. In addition, there is a need to reduce friction in rolling bearings used in T/M.

Generally, ball bearings or tapered roller bearings (TRBs) are used for rolling bearings that support the transmission shaft.

Thus, the important issue is to find a way to reduce the friction of tapered roller bearings, which tend to have a lot of friction

compared to ball bearings.

NSK has reduced friction loss by 70 % compared with conventional bearings. In this article, we introduce the transitions

of low friction technology for TRBs through six generations.
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CFD Analysis of Tapered Roller Bearings and Ball Bearings
for Reducing Agitation Torque

Y. Wen, S. Miyata
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Agitation torque associated with oil lubricant is one of important factors of torque losses. To reduce agitation torque,
the internal design of rolling bearings has been optimized. Aiming for greater efficiency, a calculation code for predicting
the agitation torque and the tendency of lubricant oil flow passing through tapered roller bearings and ball bearings was
developed using computational fluid dynamics (CFD) analysis. Torque losses and oil quantities in ordinary-sized bearings were
measured. Calculated values obtained by the CFD analysis were qualitatively in good agreement with measured results.
Thus, the authors conclude that CFD analysis is capable of simulating tendencies of agitation torque and distribution of oil.
Finally, using this analysis method, low-torque tapered roller bearings and ball bearings was developed. Oil flows in these
bearings are controlled and optimized by specially shaped plastic cages. Thus, agitation torque is reduced significantly in

comparison with conventional products.
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Table 1 Characteristics of the bearings
RE (mm) 45
SE (mm) 95.25
#EtE (mm) 35
A ) 22.5
CHOEHEDOTIER (mm) 12.2
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Table 2 Test conditions
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Table 3 Calculation conditions
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Relationship between Supplied Oil Flow Rates and
Oil Film Thicknesses under Starved Elastohydrodynamic

Lubrication
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Many studies have already considered starved lubrication. However, there have been no reports on the oil film

thicknesses under steady starved EHL (elastohydrodynamic lubrication), where the ultra-low volume of oil supplied per unit

time is uniform. The present study examined the relationship between the supplied oil flow rate and oil film thickness under

steady starved lubrication. A ball-on-disk testing machine was used in experiments to measure the oil film thickness by

means of optical interferometry. A microsyringe pump was used to accurately control the supplied oil flow rate. The supplied

oil flow rate was kept constant, and the minimum oil film thickness was measured for 1 h after the start of the tests to

determine the relationship between the supplied oil flow rate and oil film thickness.
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Table 1 Camera specifications

Image pickup device CMOS
512 X 512 pixels
500 frames/s

Number of pixels
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Diameter 25.4 mm 100 mm
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Table 3 Test conditions
Temperature 25T
Oil Poly-alpha-olefin oil (PAO)
Kinematic viscosity 19 mm?/s @ 40 C
Load 29.7N
Maximum contact
pressure 0.49 GPa
Radius of Hertzian
contact 170 pm
Contact position ®40 mm
Entrainment speed 1.8 m/s
Slide-to-roll ratio 0 %
Volume flow rate of 0 mm¥/s

lubricant supply

Starved area

EDDRE = 1.8 m/s
Fig. 4 Transition of interference fringe: (left) 1 s later, (right) 3600 s later

Rolling speed = 1.8 m/s
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BELTOP8 High-Reliability and Low-Friction Ball Bearings for CVTs
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