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Ball Screw Technologies to Control Machine Tool

Quadrant Glitches

A
T. Hirose, M. Ueda, K. Oshikawa ‘

JL1a Uil

Sp—

= R (BED tH=

&

it

) 21E

In the machine tool industry, efficiency, automation, and precision have become trends against the backdrop of labor

shortages and diversifying processing needs. Furthermore, in recent years, environmental initiatives have become an

important issue.

In this article, we will explore recent patterns in machine tool technologies based on trends at machine tool exhibitions.

Then we will shift our focus to the motion errors called quadrant glitches (reversal spikes), which cause streaks on the

workpiece surface, and the technologies to control these glitches. Machine tools with ball screws featuring this technology

achieve higher quality surface finishes and increase productivity by reducing time required for surface finishing.
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Technical Trends in Bearings for Papermaking Machines

T. Nomura

In recent years, the paper manufacturing industry has made increased environmental efforts in areas such as sustainable

forestry and paper recycling. In addition, the industry faces increasing pressure to realize a carbon-neutral society (reduced

CO, emissions) and enact measures against global warming. Furthermore, developments such as cellulose nanofibers (CNF),

paper substitutes for plastic, and biomass materials are being promoted as environmentally friendly options for the future.

Demand for paper continues to shift, with increasing demand for packaging paper in lowerincome countries and

decreasing demand for newspaper and print media as electronic media spreads. Paper manufacturers must alter their

production systems to handle these shifts.

Bearings require higher reliability, longer life, and re-usability to meet both needs for stable, responsive operation that

improves productivity while also reducing CO, emissions.

This report explores the problems faced by bearings in the field and the latest technical trends in machines commonly

used in the papermaking industry.
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HEV - EV RE&E0#: 852 DORF

AR SRIE", &K F|L*, T &R

Development of High-Speed Ball Bearings for Hybrid
Electric Vehicles (HEVs) and Electric Vehicles (EVs)

E. Suzuki, Y. lwanaga, Y. Shimokawa

oK RAIE

EX 2Rl

In recent years, motivated by environmental concerns such as global warming, the automotive industry is rapidly moving

to help achieve a carbon neutral society by expanding the development and production of hybrid electric vehicles (hereinafter

HEVs) and electric vehicles (hereinafter EVs). Accordingly, with the goal of improving the fuel economy of HEVs/EVs and

increasing cruising range, bearings used in drive motors are subjected to increasingly higher speeds and performance

demands.

However, bearings under high speed operation can suffer from grease deterioration due to high temperatures, resulting

in bearing seizure. High speeds can also lead to the bearing cage becoming deformed by centrifugal forces, resulting in heat

generation and cage damage through contact with the outer ring and seals.

NSK enables operation at 1.4 million dmN for Gen 2 bearings and at 1.8 million dmN for Gen 3 bearings through

proprietary greases, lightweight designs, and new high rigidity materials. In this article, we will introduce high speed

technologies and evaluate grease-lubricated ball bearings for HEV/EV motors.
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Hub Unit Bearing Design Using Digital Twins

H. Nishizawa

Needs for automobiles that are environmentally friendly and feature improved performance are increasing day by day.
NSK continues to work on increasingly sophisticated design technology using numerical analysis to improve the performance
and development speed of hub unit bearings. We define the reproduction of a real, physical phenomenon with a digital
numerical analysis model as a “Digital Twin"” (DT).

This report presents some examples of DT techniques used in designing 3rd Gen hub unit bearings. Since hub unit
bearings support the vehicle body, it is especially important to consider their strength and rigidity. In these calculations, we
use finite element analysis (FEA) to obtain data on stress and deformation. We succeeded in reducing analysis time by using
high-performance computing and a unique algorithm. We will continue to develop DT technology towards a state where trial

production is unnecessary.
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Introduction of Analysis Method Automation
Technology for Efficient Design

The Finite Element Method (FEM) is an important verification process for structural analysis of mechanical design in a
product development flow. With everadvancing computer performance, it is becoming increasingly possible for large-scale,
high-precision structural analyses to be performed in a short time. However, such complex analysis models are increasingly
requiring more staff-hours to prepare. To achieve high-quality, low-cost design through structural analysis, programs have
been developed to build analysis models automatically. Here, we'll compare conventional methods with other analysis types

and explore the potential labor-saving impact of this automation technology.
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Estimation of Noise Radiation Including Airborne . Vie:_jfe‘r LW, Biermann
Noise Using the In-situ Blocked Force Approach ' o
(Third Report, Experimental Verification of the

Estimation Method by Application to Rattle Noise

From an Electric Power Steering System)

Y. Sato, J. H. Elm, J. Viehofer, J. W. Biermann, N. Iwatsuki

—RALEEN BARERF ORI AGZS T, BAEMF 55 Vol.86, No.891 (2020) h S#nd .

In the previous reports, a methodology for estimating noise radiation including airborne noise from a mechanical system
under the operational condition by component test of a certain active subsystem using the in-situ blocked force approach,
which is normally used for estimating only structure borne noise, was proposed and verified by numerical simulations
of noise radiation from a cantilever rectangular plate. This paper describes experimental verification of the proposed
methodology by application to rattle noise from a column type electric power steering system (EPS) for a vehicle. Therefore,
an EPS corresponds to the active subsystem and the other parts such as vehicle body correspond to passive subsystems.
At first, a method of measuring rattle noise from an EPS under the operational conditions, i.e., running tests with a vehicle,
was established. Since it is possible to apply the in-situ blocked force approach also to vehicle running tests and to estimate
rattle noise, the measured and estimated rattle noises under an identical operational condition were compared and validity
of the proposed methodology was confirmed. Next, a component test bench which enables to reproduce vibration behavior
of an EPS under the operational conditions was developed, and rattle noise under an operational condition was estimated
by means of the proposed methodology using both vibration accelerations measured with this component test bench and
vibro-acoustic transfer functions measured with the vehicle under a static condition. Finally, the proposed methodology was
verified by comparing the estimated and measured rattle noises under the operational condition. The proposed methodology
is expected to replace time-consuming operational tests of a whole mechanical system to simple component tests of the

active subsystem.
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* % Forschungsgesellschaft Kraftfahrwesen mbH Aachen
* % % RWTH Aachen University
® %k ok BRRTEAT THBEMSR

50 NSK Technical Journal No. 694 (2022)



NSK

1. #S
2. S MVEDHBEAEREDBLUREX N
ALDER
2.1 S MVEOHBERREREDS KUERE
17RO
2.2 SHMILBOEEANZZXLE EPS Hi{K
HEREE(C BT DINIRDFi%
3. E@DEITIHERICK D Blocked force Z[EE
9 BIEEDREE
3.1 SHhILESZHETS TPAETIL
3.2 HEIDOFIEEFHER
3.3 HERERRMFEOEREER

1. #&

BB ZBM T OEBHMDY TV AT AlF, —#KIC
BRI T CEXETRARNED 5NDIcs, TNENDE
FHABCTHEEEHMISND &M%, LWL, IRENER
B3E, FYTIRAT LAOHEBERNKEVVEREICH
UClF, JENICETCOYTIRAT LAZHEEB TR
EELRORBHRECBFTDHONNEL LD, &
BN ERTHRZEE UEWVWEEREY TV RT
LDEFEENNEELEDICH, UTVRAT LADFEFE
P CHRMEB 2R DERENRREICHT D EREZHEE
TEDTENEFLL.

BEUTVRT AEOHEBERICK DEMEERAED
ERHEREBAHBROMENEL D HZED—Hl&
UT, BEIEROEFH/IND—RTFPUVITIAT I
(Electric Power Steering system, LI, EPS)
DI RIEZEERUICHERZE1ICRT. T

[T

g 100

T 90

% g0 L M\ I »f'\u#a J\v. Al
[O]

o o Il Wl L Whadt P A
B T LT
2 o L W \ suj /
12_ 50 — Component test 71.1 dB(A)

3 — Vehicle running test 78.4 dB(A)
Dy I I I T I I I

0 1 2 3 4 5 6 7 8 9 10
Time [sec]

(a) Time waveforms of sound pressure level (TC=50 ms).

4. EPS DE{FEBERIC KD Blocked force Z[E
T DIEEDIREE
4.1 EPS B{FEBREDEM
4.2 BEIDFIBERERBLUER
4.3 EPS {B{FZDHEIC & SIREE
5. &8

18

EPS OB ENEER & (FEMDETAERTHD, EPS
DEBEAHRTE, EMETRICBIISY Oy RO
FHOREIIREZBIRCEDLD, AITHRNICED
EANNZEMREZ TEATWVD. T MNUVBEDAIEAE
PEMOETHRY, EPS DEBEMAFEBREDEEMIC DU
CIFRBLETHENDD, B 1 (a) [FESELANILUIS
C 1509-1, BEEHFEI 50 msec) ZHE LT
RTHO, E1(b) [FEAREANT MUZEE Lo
RTHD. BEHRCTIEYAOv ROESEHRENNNE
BEORESZEARYHBEE CHIRELTCWLDY, A7z
ZELUTCVIEWZ6, FEEE CEES L ANILDREE
WEYD. UL UEDS, FEEREIFTHEL, NFICR
ITEELUANILOFESEED 7 dB (A) BEDEEHNEU
WD, COEEDFEREUTIE, 10w RO
ARENILEE > EPS (CERA T A DBRMEHEL

= 70
<
T 60 M
F>) 50 f* N" 'Jﬂ N th'“‘ f
k) MM W \ VW A
o 40 /\ﬂjk/i ‘N \/U r
I/ k)
o 30 ‘
a5 / W\‘ IM
2 20 J[— Component test V
3 // — Vebhicle running test \
[%2] 10 | T T T

100 200 500 1000 2000 5000 10k

Frequency [Hz]

(b) Frequency spectra of sound pressure level.

Fig. 1 Measured sound pressure levels corresponding to rattle noises from an EPS extracted by both A-weighting
filter and a band-pass filter from 300 Hz to 5 kHz by component test and by vehicle running test.
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Fig. 2 Schematic view of two experimental verifications for the noise estimation
method. One way is identifying blocked forces by vehicle running test and the
other way is identifying blocked forces by component test.
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Fig. 4 Time-frequency spectra of the sound pressure measured by a microphone at the steering wheel center
under a vehicle running test on the cobble road at 15 km/h.
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Fig. 6 Left figure (a) indicates sound pressure corresponding to EPS rattle noise extracted by both A-weighting
filter and a band-pass filter from 300 Hz to 5 kHz and /S torque measured by vehicle running test on the
cobble road at 15km/h. Right figure (b) indicates frequency spectra of |/S torques measured by vehicle
running test on the cobble road at 10, 15 and 20 km/h.
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Fig. 10 Measured inertances and their coherences whose impact position is near the accelerometer No.6 in the X

direction.
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Fig. 13 Measured vibro-acoustic transfer function
and its coherence whose impact position
is near the accelerometer No.6 in the X
direction and sound pressure is measured
by the microphone No.7.
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Fig. 14 Upper figure indicates frequency spectra
of the all impact forces applied to measure
the vibro-acoustic transfer functions and
lower figure indicates their coherences.
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Fig. 15 Experimental verification procedure of the estimation method by application to rattle noise from an EPS.
Blocked forces of the EPS are identified by vehicle running test.
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Fig. 16 Measured and estimated sound pressure levels corresponding to EPS rattle noise extracted by both
A-weighting filter and a band-pass filter from 300 Hz to 5 kHz by vehicle running test on the cobble road at

15 km/h.
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Fig. 18 Measured and estimated sound pressure levels corresponding to EPS rattle noises extracted by both
A-weighting filter and a band-pass filter from 300 Hz to 5 kHz by vehicle running test on the cobble road at
15 km/h. The inertances used to estimate sound pressure are regularized with the factor ¢ = 0.03.
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Fig. 19 Condition numbers and number of singular values of the inertance matrices with and without
regularization for identifying blocked forces by means of inverse matrix method.
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Fig. 21 Photos of the EPS component test bench for evaluating rattle noise.
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Fig. 22 Frequency spectra of tie rod axial accelerations and |/S torques by component test and by vehicle running

test.
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Fig. 23 Experimental verification procedure of the estimation method by application to rattle noise from an EPS.
Blocked forces of the EPS are identified by component test.
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Fig. 24 Sound pressure levels corresponding to EPS rattle noises extracted by both A-weighting filter and a band-
pass filter from 300 Hz to 5 kHz. One is measured by vehicle running test and the other is estimated by

component test.
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Fig. 25 Sound pressure levels corresponding to EPS rattle noises extracted by both A-weighting filter and a band-
pass filter from 300 Hz to 5 kHz. One is measured by vehicle running test and the other is estimated by
component test. The inertances used to estimate sound pressure are regularized with the factor ¢ = 0.001.

68 NSK Technical Jowrnal No. 694 (2022)



NSK

REBHZEA ) UV AR KD EDEREDER
EULTEZSND. =5IC, B 26 (a) [FNSVISEE
ZEFNME T DRIRICBII DA FT—5 2 RITHDERMEE
ZrU, E26 (b) [FTNSDITHEBER UESEIE
D¥7ZERYT. INSZR 19 DEIEY = 0.03 DIFEE
bEgdHE, FEMEURRBORMIGIELS, REHH
DE(C K DHTEREDEBDH T, BIDERDIRE
[CRDEDTARHIABTH > ENBRD. D
16 £F 18 (ORI EMmEITARBDEAFS MUED
HEICHBISIREAIE =S MNUEDRIEEBRFICTD
EleOBEEEN—KT DN ESHDEERDHEEET
Holeht, FIRDK S ([CHERHE TIFSEIEEIE—E L
T, ZT TR 24 (a) £EE 25 (a) TlE 10 WREDFRR

600 I I

— Without regularization
400 = — ®=0.001
200 I

Condition Number

0 2 000

4000 6 000
Frequency [Hz]

8000 10 k

(a) Condition Numbers

Condition Number

EUCEDRREEHEIVEDHE UCH, B256 (a) T
FZNZNHHR—HITDERET ol DlEKD,
B3R Y CREUCHEREDERFEEHATD
ET, EPS DEFHEN SEMETRDOS MULEZE
BRESNICHTEIT D ENTREEEZ SN, BT
OWEFEZRBNCIREICE I EERABND.
BH, EPSOBFHHEBRTBIRLUICYAOY RO
#HOIREINREZAE UcEMETHBR TR, U
= —DF v URIVBICERD D >l &S
Blocked force DEAEICHEBFZS R DIRENINE
EIFAELTULEL. 3505, B16 EE 18 [Tk
IS MNUVBEDAEESE 24 K 25 (CRIAEEF
32, LhUEHS, B27 ITRILDIC, Mtk

20
) -
5
>
2 |y TR VLRI
o
=
(@]
£10
2]
°
@
2 5
g — Without regularization
= — ¢=0.001

0 I I
0 2 000 4 000 6 000 8000 10 k

Frequency [Hz]
(b) Number of singular values.

Fig. 26 Condition numbers and number of singular values of the inertance matrices with and without
regularization for identifying blocked forces by means of inverse matrix method.
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Fig. 27 Measured sound pressure levels corresponding to EPS rattle noises extracted by both A-weighting
filter and a band-pass filter from 300 Hz to 5 kHz. One is same with the data shown in figure 16 and 18
although analyzed time is longer than them. The other is same with the data shown in figure 24 and 25.
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Fig. 28 Blocked forces at the connection of EPS near the accelerometer No.6 in the X direction. One is identified
by inverse matrix method with the regularization factor ¢ = 0.03 and vibrations measured by vehicle
running test (same with the Fig. 17). The other is similarly identified with the factor ¢ = 0.001 and

vibrations measured by component test.
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Fig. A1 Vibration test of a vehicle under the condition that front wheels are excited in the vertical direction.
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Fig. A2 Vibration test of a vehicle under the condition that front wheels are excited in the steering direction.
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Enhancement of Weldline Strength by Applying
Reservoir to Plastic Cage of Rolling Bearing

Y. Kuramoto, T. Hiramoto, N. Aihara, K. Yokoyama

In order to enhance the weldline strength of the plastic cage for the rolling bearings, the specification of the reservoir
embedded in the cage injection mold was investigated by using the resin flow analysis. In this study, the plastic flow distance
on the weldline has been found as the evaluation index for the simulation. With the ring-shaped test pieces, the threshold of
the evaluation index was determined by comparing the calculated plastic flow distance on the weldline with the measured
weldline strength. It has also been revealed that the weldline strength values of the crown type and the machined type

plastic cages are significantly enhanced by applying the threshold to the resin flow analysis.
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SuperLimbs for Sit-to-Stand Support and

S. Teshigawara, J. Bell, E. Kamiensky, H. Harry Asada ﬁ ' \

Fall Prevention
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Here, we will introduce a new eldercare robot design concept that can seamlessly assist older adults with balancing,

walking, and moving from a sitting to a standing position. The system consists of a pair of supernumerary limbs (SuperLimbs)

that attach to the user. As an initial challenge, we performed an analysis to confirm the requirements of actuators at each

joint. To provide sit-stand support, we found that SuperLimbs must generate significant force to gently elevate the user's

body. Additionally, SuperLimbs must react to the user's movement rapidly for balancing and fall prevention. To meet these

bimodal requirements, we propose the use of dual-motor actuators that incorporate two brushless DC motors with diverse

gear ratios into a single joint.
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ROBUSTDYNA High Load Capacity Ultra-High Speed Angular Contact Ball Bearings
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Large Size Spherical Roller Bearings with Smearing Preventative (NSK DLC Coating)
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Low-Maintenance High-Reliability Gearbox Bearings for Railways
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Long-Life Series: DH/DS NSK Linear Guides™
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Wireless Vibration Diagnostic Device Model D-VibA10
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Pressed Angular Contact Ball Bearings for Electric/Hybrid Vehicles
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Thrust Needle Roller Bearings with Electrical Corrosion Resistance
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