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Ceramic angular contact ball bearing is widely used in a high-speedmotorised spindle because of their excellent properties such as
wear resistance, high temperature resistance, and corrosion resistance. In this study, the characteristics and influencing factors of
the radiation noise for a full ceramic angular contact ball bearing applied in the motorised spindle are investigated. Based on a
single factor test method, the variations of bearing noise with preload, oil supply, and rotation speed were investigated, and then,
the optimal preload and oil supply under the specific speed were obtained. -e sound field directivity in the circumferential
distribution of the bearing noise was discussed, and the reasons for the uneven distribution of the sound field were elucidated.
According to the experimental results, a prediction model on the radiation noise of a full ceramic angular contact ball bearing
under certain conditions was proposed. -e conclusions will provide a reference for reducing the radiation noise of full ceramic
angular contact ball bearings in high-speed operation and improving the bearing performance.

1. Introduction

Bearings, a key component for the mechanical system, are
required to have high precision and reliability [1]. Full ce-
ramic bearings (FCBs) are made of a new type of ceramic
materials. -ey have excellent properties such as corrosion
resistance, wear resistance, and thermal stability. Further-
more, they can replace steel bearings. -erefore, FCBs are
widely applied to industrial machinery, medical devices,
aerospace, navigation, and other fields. However, due to the
hardness and brittleness of ceramic materials, the FCBs
bring excessive radiation noise during the operation, which
affects the performance of bearings and generates serious
noise pollution to the surrounding acoustic environment.
-e radiation noise of bearings is affected by many factors,
such as preload, lubrication condition, working speed, and
structural characteristics. For the FCBs applied in the
motorised spindle, the radiation noise can reflect their
operation accuracy and reliability to a certain extent.
Moreover, the sound field directivity of the radiation noise is

also an important evaluation index for acoustic performance
and noise environment. Researches on the influence factors
and the distribution characteristics of radiation noise for the
FCBs are conducive for further improving their working
conditions, extending their service life, and increasing their
reliability.

Many researchers have developed the dynamic model of
angular contact bearings. -e effects of preload [2], stiffness
[3], contact angle [4], raceway surface roughness [5], and
waviness [6] on the dynamic characteristics of the bearing
are analysed in particular, as well as skidding behaviour
[7, 8]. For example, Gunduz et al. [2] investigated the vi-
bration response of angular contact ball bearings with re-
spect to bearing preload and proved that the bearing
preloads had a significant effect on the vibration charac-
teristics of a shaft-bearing assembly. Zhang et al. [9]
researched the impact of the lubricant traction coefficient on
cage’s dynamic characteristics in high-speed angular contact
bearing, and the stability of a cage under various working
conditions were assessed by using the slip ratio of the cage.
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Xi et al. [10] presented a dynamic model of the spindle
bearing system to investigate the dynamic responses of the
machine tool spindle, and the simulated results of the
proposed model were validated by experimental results. In
addition, some researchers discussed the thermal charac-
teristics of bearings, lubrication, and air supply method
[11–15] as well as the dynamic response with fault condi-
tions [16, 17]. In recent years, researchers are interested in
the acoustic characteristics of bearings, such as monitoring
the bearing faults through acoustic signals [18, 19] and
calculating the radiation noise of ceramic bearings by the
subsource decomposition method [20]. Because of the
particularity of ceramic materials, the contact deformation
between ceramic bearing components and its lubrication
mode are much different from that of steel bearings.
However, the research on the performance of FCBs is quite
rare.

-e noise of a motorised spindle mainly derives from the
bearing vibration of the supporting spindle. -is study fo-
cuses on the property of radiation noise produced by the full
ceramic angular contact ball bearing applied to a motorised
spindle. -e effects of the bearing preload, oil supply, and
rotation speed on the radiation noise of a full ceramic an-
gular contact ball bearing are discussed by a single factor test.
-en, the distribution characteristics of the bearing noise in
the circumferential direction are analysed. On the basis of
experiments, a prediction model on the radiation noise of a
full ceramic angular contact ball bearing is presented. -is
study provides a sufficient experimental basis for reasonably
setting the working conditions and improving the perfor-
mance of FCBs.

2. Experimental Method

A test rig for measuring the noise was built in the standard
laboratory.-e environmental temperature in the laboratory
was 26°C.-e background noise in the experiment was lower
than 45 dB. -e type of the measured motorised spindle is
150MD18Y14.5, and its performance parameters are shown
in Table 1. -e type of the bearings used in the motorised
spindle is H7009C. -e materials of the bearing rings, balls,
and cage are zirconia ceramics, silicon nitride ceramics, and
bakelite, respectively. -e structural parameters of the
bearing are listed in Table 2. -e motorised spindle and its
supporting bearing are shown in Figure 1.

A water cooling system and an oil-gas lubrication system
were applied to the cooling and lubrication of the motorised
spindle. -e cooling temperature was set constant at 18°C.
-e engine oil with #30 was used for bearing lubrication.-e
pressure of oil supply was 0.25MPa. -e flow rate of cooling
water was set to 4.7 L·min−1. -e motorised spindle main-
tains a steady-state operation without external load during
the test. To investigate the radiation noise characteristics of a
full ceramic angular contact ball bearing, the effects of
bearing preload, lubricating oil supply, and rotation speed
on the radiation noise of the full ceramic angular contact ball
bearing were studied by a single factor experimental method.
-e test parameters and levels are shown in Table 3. -e
bearing preload was adjusted by a spring, the oil supply was

controlled by a programmable logic controller, and the
rotation speed was adjusted by a frequency converter.

As shown in Figure 2, the 12 measuring points are se-
lected to analyse the radiation noise of the FCB applied in the
motorised spindle. All points were arranged in a plane in
front of the spindle, and the plane was 200mm away from
the bearing plane. -e measuring points were evenly dis-
tributed in the circumferential direction with 150mm away
from the center line of the bearing. -e angle between the
adjacent two measuring points was 30°. -e first measuring
point was above themotorised spindle, and the direction was
set to 0°. -e 12 measuring points were arranged in the
counterclockwise direction and numbered in sequence. -e
sound pressure sensors were placed at the measuring points.

During the experiment, the sound pressures were
measured using the INV9206-I sound pressure sensors with
sensitivities from 50 to 54.5mV·Pa−1. -e dynamic mea-
suring range of the sensors is from 20 to 146 dB, and their
frequency response range is from 20 to 20000Hz. -e sound
pressure sensors are calibrated by the HS6020 acoustic
calibrator, which is a single frequency of the sound wave
with 1000Hz, with a constant SPL of 94.0 dB and a harmonic
distortion of 0.7%. -e sound pressure signals of each
measuring point were collected by the INV3060S data
collector and processed using the Coinv DASP-V10 acoustic
interface software. All the measuring instruments are de-
veloped by the China Orient Institute of Noise and Vi-
bration. -e sampling frequency and sampling time were
51.2 kHz and 10 s, respectively. -e collected data were
transmitted to the computer to further process the sound
pressure data and analyse the radiation sound field char-
acteristics of the full ceramic angular contact ball bearing.

3. Results and Discussion

Sound pressure level (SPL) which is linearly weighted is used
to evaluate the magnitude of the bearing noise in this study.

Table 1: Performance parameters of the motorised spindle.

Parameter Value
Rated power (kW) 14.5
Rated voltage (V) 350
Rated current (A) 32
Rated frequency (Hz) 300
Rated speed (r·min−1) 18000

Table 2: Structural parameters of the ceramic bearing.

Parameter Value
Bearing outside diameter (mm) 75
Inner ring bore diameter (mm) 45
Bearing width (mm) 16
Cage outside diameter (mm) 63.5
Pocket diameter (mm) 8.9
Cage width (mm) 14
Ball diameter (mm) 8.731
Ball number 17
Initial contact angle (°) 15
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�e frequency of 1024Hz was applied during the signal
processing, and then a total data number of 500 on the SPL
were obtained. �e average value of the SPLs was used to
analyse the radiation noise of the FCB. In this study, di-
rectivity angle (DA) of sound �eld is de�ned as the position
angle of the radiation noise peak value in the whole cir-
cumferential direction or within a range. It is also the di-
rection angle of sound �eld directivity. �e DA presents the
in�ection point of radiation noise change in the circum-
ferential direction and re�ects the direction of maximum
noise within a certain range. �e e�ects of bearing preload,
oil supply, and rotation speed on the radiation noise of a full
ceramic angular contact ball bearing are analysed in detailed
as follow.

3.1. E�ect of Preload on the Radiation Noise. �e preload is
widely used to eliminate clearance and prevent skidding
[7, 21]. An appropriate preload can improve the bearing
service life [22]. However, an excessive preload may lead to
large deformations on the balls and raceways and bring
about extrafriction and noise [23]. To analyse the e�ect of
preload on the radiation noise of the full ceramic angular
contact ball bearing, the rotation speed was set to 18000
r·min−1 and the oil supply was set to 0.02mL·min−1. During
the test, six groups of experiments with the preloads of
250N, 300N, 350N, 400N, 450N, and 500N, respectively,
were conducted. Figure 3 shows the distribution of the
radiation noise in the circumferential direction under dif-
ferent preloads. Figure 4 shows the DA of sound �eld and the
curve of SPL in the directivity direction varying with
preloads.

As shown in Figure 3, under all preloads, the radiation
noises of FCBs present nonlinear variation in the circum-
ferential direction and show obvious sound �eld directivity.
�ere are two directions of sound �eld directivity, and the

Rings with
zirconia ceramics

Motorised spindle Ceramic bearing

Cage with bakeliteShaft

Ball with silicon
nitride ceramics

Figure 1: Motorised spindle and FCB.

Table 3: Test parameters and levels.

Level Preload (N) Oil supply (mL·min−1) Speed (r·min−1)
1 250 0.01 3000
2 300 0.015 6000
3 350 0.02 9000
4 400 0.025 12000
5 450 0.03 15000
6 500 0.035 18000
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Figure 2: Experimental apparatuses and measurement scheme.
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DAs are θ1 and θ2 in the directions of 30° and 240°, re-
spectively. �e radiation noise in the ranges of 0–60° and
180–300° varies greatly, while its variation in the ranges of
60–180° and 300–360° is slow. �e radiation noise in the
range of 60–180° is slightly greater than the noise in the range
of 300–360°. �e radiation noise decreases �rst and then
increases with increasing the preload from 250N to 500N.
�e minimum radiation noise occurs at a preload of 350N,
which can be considered the optimum preload [24] for the
bearing at 18000 r·min−1. A great impact noise caused by the
ceramic ball and cage is in the range of 0–60°, which can be
called the impact load zone. A great friction noise caused by
the ceramic ball and rings in the range of 180–300° is de�ned
as the friction load zone. �e radiation noise in the impact
load zone is slightly higher than that in the friction load zone

at a low preload. With the increase of preload, the radiation
noise in the friction load zone becomes gradually larger than
the radiation noise in the impact load zone.

It can be seen more directly from Figure 4 that the
radiation noise of the bearing has a minimum SPL at a
preload of 350N, and the DAs remain basically unchanged
with the directions of 0° and 240°, respectively. �e increase
of preload intensi�es the friction and impact of bearing,
which results in the increase of bearing noise. However, the
maximum positions of friction and impact are basically
unchanged, and thus the DAs of sound �eld are almost
unchanged.

Under di�erent preloads, the ceramic ball and cage
produce a large impact noise near 30° direction, and the
ceramic ball and rings produce a large friction noise near
240° direction, leading to that the full ceramic angular
contact ball bearing has obvious sound �eld directivity. �e
increase of the preload contributes to the friction and impact
noise, resulting in more obvious sound �eld directivity.
When in a low value of preload, the impact noise is more
prominent than the friction noise because that bearing has a
big clearance, and the active space of the ceramic ball is large.
At this point, both contact force and friction force acting on
the ball are small. On the contrary, when the preload has a
big value, the bearing clearance is small. �e increase of the
friction forces between the rings and the balls results in the
larger friction noise. In addition, a big impact noise is
produced between the balls and the cage during the high-
speed operation, but its value is slightly lower than the
friction noise. �ere will be a deadlock or a wear fault for the
bearing in a serious case [25]. �erefore, the excessive
preload should be avoided.

3.2. E�ect of Oil Supply on the Radiation Noise.
Lubrication is required for all bearings during the operation,
and it can reduce friction between bearing components
[26, 27]. Moreover, the lubrication condition is vital during
bearing operation. To analyse the e�ect of oil supply on the
radiation noise of the full ceramic angular contact ball
bearing, the rotation speed was set to 18000 r·min−1, and the
preload was set to 350N. During the test, six groups of
experiments with the oil supply of 0.01mL·min−1,
0.015mL·min−1, 0.02mL·min−1, 0.025mL·min−1, and
0.03mL·min−1 were carried out. Figure 5 shows the distri-
bution of the radiation noise in the circumferential direction
under di�erent oil supply. Figure 6 shows the DA of sound
�eld and the curve of SPL in the directivity direction varying
with oil supply.

According to Figure 5, there are two obvious directions
of sound �eld directivity in the circumferential distribution
of bearing radiation noise. �e two directions are in the
impact load zone of 0–60° and the friction load zone of
180–300°, respectively. �e trends of sound �eld directivity
tend to slightly weaken with the increase of oil supply. �e
radiation noises in the range of 60–180° vary smoothly and
are slightly larger than that in the range of 300–360°. �e
di�erence values of the SPLs between the two ranges tend to
decrease with the increase of oil supply. In the direction of
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330°, the radiation noises of the bearing reach the minimum
value.

As shown in Figure 6, with the increase of the oil supply,
the DA of the sound �eld remains unchanged, i.e., the oil
supply does not a�ect the DA of the sound �eld. However,
the SPLs in the two directions of the sound �eld directivity
decrease �rst and then increase with the increase of oil
supply. Moreover, the radiation noise in the friction load
zone is larger than that in the impact load zone.

With the increase of oil supply, the radiation noise of
FCBs decreases �rst and then increases. At the value of
0.02mL·min−1, the bearing has the lowest radiation noise. In
the condition with a preload of 350N and speed of 18000
r·min−1, the oil supply of 0.02mL·min−1 is the optimal oil
supply for the bearing lubrication [28]. When the oil supply

is too small, the bearing is in the boundary friction state,
resulting in a bigger friction force and greater noise. When
the oil supply is too large, although the bearing has a good
lubricating state, a stirring oil temperature will be raised by a
large margin, causing the high bearing working temperature.
It can weaken the bearing clearance and further lead to
greater friction noise. �erefore, at a certain speed and
preload [29], the bearing has an optimum oil supply, which
can make the bearing be under an excellent lubrication
condition so as to reduce the radiation noise of the bearing.

To compare Figures 3 and 5, with the increase of preload
and oil supply, the radiation noise of FCBs in the circum-
ferential direction has similar distribution characteristics,
and the DAs of the sound �eld remain unchanged. Com-
pared with the preload, the oil supply has little e�ect on the
radiation noise of the bearing. An excellent lubricating e�ect
can be achieved with less lubricating oil due to the self-
lubricating e�ect of FCBs.

3.3. E�ect ofRotation Speedon theRadiationNoise. For high-
speed precision machine tools, a higher rotation speed
for bearings is required and complex speed changes are
needed. However, the optimum preload and oil supply
under di�erent rotation speeds are di�erent [30, 31].
According to the analysis in the above section, the opti-
mum preload and oil supply for minimum noise of
the bearing at 18000 r·min−1 are nearly 350N and
0.02mL·min−1, respectively. Here, the preload and oil
supply were set as optimal constant values. �e radiation
noise of a full ceramic angular contact ball bearing in the
rotation speeds of 3000 r·min−1, 6000 r·min−1, 9000 r·min−1,
12000 r·min−1, 15000 r·min−1, and 18000 r·min−1 was mea-
sured. �e e�ect of the speed on radiation noise was in-
vestigated by using the six-group experiments. Figure 7 shows
the distribution of radiation noise in the circumferential
direction of FCB at di�erent rotation speeds. Figure 8 shows
the DA of sound �eld and the curve of the SPL in the di-
rectivity direction varying with the rotation speed.

Figure 7 illustrates that the radiation noise of FCB in-
creases in general with the increase of speed, and the sound
�eld directivity becomes more and more obvious. When the
speed is low, the di�erence between the maximum and the
minimum of the radiation noise in the circumferential di-
rection is small; at the speed of 3000 r·min−1, the value is
3.11 dB. When the speed is high, the di�erence becomes
larger because of the in�uence of variable friction and
impact. At the speed of 18000 r·min−1, the value is 4.93 dB. It
can be known from the circumferential distribution of the
noise that the noise changes gently in the ranges of 60–180°
and 300–360°; however, there are two obvious directivity
directions of the sound �eld in the ranges of 0–60° and
180–300°.

As shown in Figure 8, as the speed increases, the DA θ1 of
the sound �eld in the range of 0–60° is almost invariable. In
the range of 180–300°, the DA θ2 of the sound �eld varies
gradually from 210° to 240° when the speed changed from
12000 r·min−1 to 15000 r·min−1, resulting in the directivity
becomes clearer. With the increase of speed, the SPL1 in θ1
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direction is from 72.32 dB to 82.61 dB, and the SPL2 in θ2
direction is from 71.74 dB to 84.79 dB. �e inner ring of the
bearing rotates counterclockwise resulting in the bearing
eccentricity towards the lower right, so the friction load zone
moves upwards along with the rotation direction. With the
increase of the rotation speed, the centrifugal force of the ball
increases rapidly [32, 33] and varies complex due to the
bearing eccentricity. �en, the direction of the complex
resultant force acting on the ball varies correspondingly. �e
increase of rotation speed causes the bearing eccentricity
upwards, thus leading to the shift of the direction angle.

In addition, according to Figure 8, the friction is smaller
and the impact is larger when the bearing is in the lower
speed. �erefore, the impact noise is relatively greater than
the friction noise at low speed. However, the increase of the

rotation speed aggravates the friction. Although the impact
noise also has an increasing tendency, it changed gently.
�erefore, the directivity direction of sound �eld in the
impact load zone is dominant at lower rotation speed, while
at higher speed, the direction is replaced by the friction load
zone. As the rotation speed has a signi�cant in�uence on the
bearing dynamic properties and sti�ness [34, 35], when the
bearing operates at high speed, bearing sti�ness is relatively
small, and a great alternating force between the ball and the
rings will make the balls be prone to skid and bring impact
noise. �e larger friction force will be caused in the friction
load zone, resulting in the larger friction noise. �e obvious
sound �eld directivity will lead to bearing failure due to the
serious wear phenomenon caused by violent friction.

4. Prediction Model on the Radiation
Noise of FCBs

According to the analysis in section 3, the radiation noise of
full ceramic angular contact ball bearings with the type of
H7009C is a function of preload, oil supply, and rotation
speed. In addition, the radiation noise is also related to the
circumferential angle. �rough the analysis of the experi-
mental data, the polynomial models between the radiation
noise and the preload and between the oil supply and the
speed are established using the least squares method. �e
models are shown in Equations (1)–(3), and the �tting
coe¤cients of the models are shown in Tables 4–6:

yp � Ap + Bpxp + Cpx
2
p +Dpx

3
p, (1)

yo � Ao + Boxo + Cox
2
o +Dox

3
o, (2)

ys � As + Bsxs + Csx
2
s , (3)

where yp, yo, and ys are the SPLs of radiation noise. �ey
represent a function of preload xp, oil supply xo, and speed
xs, respectively.Ap, Bp,Cp,Dp;Ao, Bo,Co,Do;As, Bs, andCs
represent various coe¤cients. In calculation, the values of
xp, xo, and xs are replaced by the values of actual preload
divided by 100, actual oil supply multiplied by 100, and
actual speed divided by 1000, respectively.

Here, the coe¤cient of determination, R-square (R2), is
used to judge the goodness of �t. In Table 4, the majority of
R2 values of the �tting functions are above 0.9. Only the R2

values of the �tting functions of points 2 and 5 are below 0.9,
both of which are 0.8956. It indicates that there is a sig-
ni�cant functional relationship between the radiation noise
of the bearing and the preload, and a better �tting result can
be obtained by the cubic polynomial. In Table 5, the R2

values of the �tting function between the circumferential
radiation noise and the oil supply are from 0.6757 to 0.9773.
�e �tting e�ect varies greatly with the change of the cir-
cumferential angle. As shown in Table 6, the R2 values of
quadratic polynomial �tting for all measuring points are
above 0.93, and some even over 0.98. �erefore, Equation
(3), which is the radiation noise as a function of rotation
speed, has a great �tting e�ect.
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To predict the radiation noise at an arbitrary point in the
circumferential direction, the linear interpolation method is
used to calculate the radiation noise between two adjacent
measuring points in the circumferential direction. -e
method of calculating radiation noise in the circumferential
direction is shown in the following equation:

yθ �

yi+1 −yi

xi+1 −xi

xθ − xi(  + yi, i � 1, 2, ..., 11,

y1 −y12

x1 − x12
xθ − x12(  + y12, i � 12,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(4)

where xi and yi denote the DA and the SPL of the ith
measuring point, respectively. xθ and yθ denote the DA θ
and the SPL at an arbitrary direction between the range of
the ith and (i + 1)th measuring points, respectively. -e unit
of θ is degree.

Although the predictionmodel is established in a specific
condition based on the experimental data of 12 measuring
points with a distance of 200mm away from the bearing
plane and a radius of 150mm, it provides a reference to
predict the radiation noise distribution of full ceramic an-
gular contact ball bearings with the type of H7009C at a
certain extent.

5. Conclusion

To investigate the radiation noise characteristics of high-
speed full ceramic angular contact ball bearings, the in-
fluences of bearing preload, oil supply, and rotation speed on
the radiation noise of a bearing are studied based on single
factor experiment. -e directivity of radiation noise in the
circumferential direction is analysed. A prediction model for
the radiation noise of full ceramic angular contact ball
bearings with the type of H7009C under specific conditions
is established. -e experimental results show that the ra-
diation noise of a full ceramic angular contact ball bearing
increases in general with the bearing preload; however, the
two direction angles remain unchanged. Under an optimal
preload, the radiation noise of bearing will have the mini-
mum SPL, and the sound field directivity is not relatively
obvious. With the increase of oil supply, the radiation noise
of the full ceramic angular contact ball bearing first decreases
and then increases, while the DA of the sound field stays
constant, and there is an optimum oil supply to minimise the
noise. As the speed increases, the radiation noise of the full
ceramic angular contact ball bearing increases, and the
sound field directivity becomes more obvious.-e DA of the
sound field in the impact load zone remains unchanged;
however, the DA of the sound field in the friction load zone
increases, i.e., the angle moves upward along the rotation
direction. -e proposed models can reflect the radiation
noise characteristics of a full ceramic angular contact ball
bearing commendably. -e results reveal an accurate cor-
relation between the radiation noise of the bearing and the
working conditions. From the acoustic point of view, this
paper provides an experimental basis for reasonable ap-
plication of preload and selection of oil supply under dif-
ferent working conditions. -e conclusion can provide a
reference for further improving the performance of FCB.
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Table 5: Fit parameters between radiation noise and oil supply.

Point Ao value Bo value Co value Do value Statistics R2

1 97.8581 −22.5510 9.3214 −1.0904 0.8892
2 109.8348 −34.6471 14.2400 −1.7430 0.7050
3 107.4400 −33.0873 13.6957 −1.6822 0.7667
4 103.5529 −28.8686 11.8357 −1.4200 0.6757
5 99.2633 −23.8104 9.7500 −1.1385 0.7361
6 99.2276 −24.0362 10.1500 −1.2296 0.8113
7 96.2595 −18.3355 7.2014 −0.7637 0.8623
8 97.0491 −17.1259 6.5171 −0.6563 0.8494
9 103.1481 −24.3125 9.9700 −1.1815 0.9773
10 98.4295 −20.0153 8.3043 −0.9704 0.8839
11 94.4929 −18.7843 7.8071 −0.9000 0.9067
12 95.4962 −21.0994 8.7800 −1.0252 0.9455

Table 6: Fit parameters between radiation noise and rotation
speed.

Point As value Bs value Cs value Statistics R2

1 70.0450 −0.0895 0.0365 0.9582
2 71.2160 0.3469 0.0149 0.9723
3 70.4380 0.3241 0.0169 0.9855
4 71.2840 −0.0310 0.0323 0.9809
5 69.6490 −0.0231 0.0353 0.9693
6 70.3950 −0.1542 0.0407 0.9580
7 71.5570 −0.2281 0.0444 0.9869
8 71.8010 −0.1077 0.0402 0.9649
9 72.0540 −0.3684 0.0593 0.9735
10 71.1690 −0.2563 0.0511 0.9660
11 70.5550 −0.1904 0.0392 0.9435
12 68.9120 0.0968 0.0265 0.9335

Table 4: Fit parameters between radiation noise and preload.

Point Ap value Bp value Cp value Dp value Statistics R2

1 185.1730 −81.3002 20.3295 −1.5993 0.9265
2 245.9625 −126.4839 31.7010 −2.5215 0.8956
3 232.0249 −116.6496 29.3410 −2.3504 0.9462
4 203.8830 −95.6628 24.1267 −1.9259 0.9149
5 188.0338 −83.4704 20.9629 −1.6556 0.8956
6 184.5595 −80.2894 20.1043 −1.5822 0.9193
7 192.9471 −87.2971 22.0043 −1.7400 0.9489
8 167.8973 −62.9045 14.7381 −1.0393 0.9634
9 145.3671 −43.6855 9.5343 −0.5667 0.9659
10 154.0264 −51.9234 11.9267 −0.8037 0.9652
11 156.9256 −59.2646 14.6691 −1.1274 0.9159
12 161.7408 −62.6614 15.3148 −1.1630 0.9367
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