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Anderon Vibration measurement is known as
a quality check method of ball bearings.

We define the Anderon vibration, compose
the calculation model, research the model
behavior, and compare to the measurement.

1. 705 BB EZHE Anderon vibration define

1.1 E#HJRHE Running condition
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Fig.1 shows a ball bearing pressed outer
ring and driven inner ring to rotate.
Balls are kept same distance each other
by the cage omited in Fig. 1.

Seals and greace or lubricant omited in
Fig.1 are also necessary.
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Fig.” ° Ball bearing pressed outer ring and driven inner ring to rotate
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In Fig. 1 the axial force balance with the
counter force through the point A, B, and
the edge C. The inner ring rotates with
the drive shaft. The ball rolls between
the inner and outer race in the ball’s
great circle including the point A and B.
And the outer ring is stationary.

We call it “Anderon vibration” that outer
ring radial vibration in this condition.
The ANDERON METER is an instrument for
this “Anderon vibration” measurement.
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1.2 7o5u EEOfE Andeon vivration value

T oTFa CEEIOHEAIZ AV D “Anderon” 1, The ”“Anderon” as the unit was announced
1944 FEDOF = A =— 5 DOFH LY THEINT-. in Channay’ s group article! in 1944.
HAZ Anderon X, ~A 7 aAf o FwBI7I7T v This unit Anderon means microinches per
AT X —T D250 1 FEEWRTH. radian per octave to the one—half power.
i)
d 6 r.m.s
V — o o o (1)
log Dy
2 nL

7T a ARENOE
Andeon Vivration Value

A4 D -5 75 1) DI

V [Anderon]

x [uinch] Outer ring radial displacement
. PN iy oD [R5 £ B
0 [radian] .
Inner ring rotary angle
n, N RRRAT 4 VA SRR D AT Z—T

Log, n; =] Octave of the band—pass filter pass band
ZOFXICEE I NTT T a SIRED AR Fig.2 is the Anderon vibration spectrum
o OB, X257 5. quoted from the article.

X 21%, AR T LA THDHEHIITH XD,  Fig 2 seems like a continuous spectrum.
L, Ty A5 0BT T UL, BEi But, our Andeon vibration model shall be

AR NI LEERTHEDO LR D. to generate discrete spectrum.
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Fig.” ° Anderon vibration spectrum quoted from Channay’ s group article
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2. 7v5usiEE)ET ) Abdeon vibration model
2.1 R"—VOBHEEL A Ball rotary and orbital motion
X 3 1%, 1 OIRFE TIEEET A Effsr 122>\, Fig. 3 shows the value symbol definitions

R— NV DIREN =R T HILTDERE RT . in the case shown by Fig. 1.
MA, BlX, IEEhofuE Flichba b4 5. Point A and B are on the rolling race.
g PN i [ s A
* Inner rotary angle
PN [ A R
@ - Tnner rotary speed
R LB
@y - Ball rotary speed
R VAT
@e¢ - Ball orbital speed
A
® - Contact angle
AR
T'b - Ball radious
 RRE A
X 3 B RDOER T'c* Ball orbital radious
Fig.  ° Value symbol definition

A=V D HELEE X, RN—/L DR E [F UEE The ball rotary speed w, is on the cage

THEET DR OB SN HE LT 5. rotating as same as ball orbital speed.
REFgR D ETIE, PRERSIIEFIE L, MmOy On this cage, the cage is stationary, the
FREWHANZ o, TEHEEL, WL o — o, outer ring rotates at w, , and the inner
DEETRERTHZ &I 5. ring rotates at o — o, .
A=V DS ADEE L, ShiEOBEER T A E The point A speed of ball is same as the
E—ELRTNE R 60D, RREES. outer race tangent speed on the point A.
r,o, = (r_ t+r,cosa)ow, <. (2)
A—/V EDO R B OBWEL, WNimORER T aH The point B speed of ball is same as the
E—EHLRTNE R0 D, RREES. inner race tangent speed on the point B.
r,o, = (r_—r,cosa)(v—o,) -+ (3)
L7=0> T, ROFEREESD. Therefore, we get next result.
r2—r2cos?a
w, = 2T w - (4)
r,— Ir,cosa
— e o o 5
W, 2t 0) (5)
R—/VOREAE 0, 1%, RATHELND. The ball rotary angle 0, is as follows,
r2—r2cos?a
— . e 6
Oy 2r,r, 0 (6)
ZAEFE 2z FEH DR —VONEAE 0, 1%, The number z of Z ball position angle 0,
kA TEHELND. is given as follows,
r,—r,cosa 2 1y
— + _— e o o 7
9. 2r 0 Z (7)
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2.2 whEHEMmON L EMmAIME Axial force and contact stiffness

X 41%, FzEBOR—AN, @iHHOS |
2k D, RANLREBOFMICHEMS , &
2T DR ERT.

Wi Inner ring
WMo
Axial force
X
Fig.

s f1%, ZEOR—/LOL5EM ) f
2k, kATREND.

f =

51F, A—/ LA & A L, Bl o

5T, MIBEOmE LTt 5 REE £

Z

7-1
> f ,Sina
z=20

Fig.4 shows the contact force f, of the
number z ball in the derection of point A
to B by the axial force f.

oS

h Axial force
Y48 Outer ring

| TRl

" Contact angle

B

Zz* Contact force

il 7 18] 0D 7] & 45k 7]

Axial force and contact force

The axial force f 1is expressed by each
contact force f as follows,

(8)

Fig.5 shows the elastic contact between
ball and flat plane with contact circle.

YU TR RSVIoE =2
B young’ Tb* Ball radi
f Young s module Ball radious
RT VU . AR
Y “Poisson’ s ratio z " Contact force
AR—/L Ball . Bt
E, v " Contact radious
/ G AN
Ly ,//// R
g T i Flat plane # " Contact displacement
2
z E, v
NV & S O g
Fig. Elastic contact between ball and flat plane

%5 OHEMCERE ¢, 13, B £ 1Dk T

wRATRIND. Y

The contact radious r, is expressed by
the contact force f  as follows, 2

3(1——v2)rb

r pu—

-

ELT, RO f,(x,) 255.

(9)

2 E g
EMCEEZ RS, MOFDICERIE LD L

As no changing other parts shape, we get
next result as the function f (x ).

2FEA x3(21,—x,)3

fZ(XZ) =

(10)

3(1‘*v2)rb
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DX, EMEOBEERE LTRSS
FERIENT & BEfih 77 D BAER Z $EAh M & RS,
7T a U REOFREET VIZEBWT, Wi,
S, BROY, R— X, HEfhs oL 2
BRWNT, MRS LCTIRES b LRET 5.
X612, BHLG 2mmDR—/LEFmITHONT,
ME R AT — )V Th D86 ORI O Rt %
HELIEEREZRT.

We call the relation between the contact
displacement and force contact stiffness.
On the Andeon vibration calculation model,
inner/outer race and balls are assumed as
rigid bodies without the contact points.
Fig. 6 shows the calculation result of the
contact stiffness in the case of ¢ 2 mm
ball and flat plane of steel material.

A0
E=2.05 [GFal
p=0.29 [—]
= oa4p L r=1.000 [mm]
5 30 f
[
T
1]
E 20
i
L
= 10 r
5
I:I L 1 1 1 ]
0 10 20 30 41 50
FERET R Contact displacement [2m]
X CHE G 2mmOAR L EEEIZIT D AT — /LR O Bl 14
Fig.” ~ Contact stiffness of ¢2 mm ball and flat plane of steel

b 2mmdDAF—LR—/LNTETHERINS

E#hiE 12, 2 O NO#EiH MO IIHRMH 0, il
N1 57 ERAEE, A= 1EINzZ 6N
DIEE ORI 1, ROMEERD.
- f _ 20N
za Zsina 7sinl 5°

X6 2205, BEfSTIE, 19 umOBEMENL
X, WELD EHHEZND.

N, L, SMmofuEmIE, Fm TR,
Fhwz, K4DHEA, BIZBIT DHEMmREINEL,
X6 LR UTIEARWD, UKL 5.

ZAVD OFEMMEIMES, BB TIE WD, FEHE
D DIRAEITIBNT, BIALBRTRETH 5.
. de
f (x,) =1, + dx,

f -1, =K (x,—x,),

7T a  REOFREET LTI, WNim, S,
BLO, R—1VOHEGERNOLDOFZEZGH LD
DT, ZOXIBRBIALNFENTHS.

K Z

About a bearing composed seven ¢ 2 mm
steel balls pressed 20 N axial force and
made 15  of contact angle, the average
contact force f _ is as follows,

= 11.039N (11)
Applying this value to Fig. 6, the contact
displacement x, shall be approx. 19 um.
The inner/outer race are not flat plane.
Therefore the contact stiffness of A/B in
Fig.4 are not same but similer to Fig. 6.
These contact stiffness are not linear,

but, they can be made linear as follows,

(x, = x,.)

d f

= 12

e (12)
The deviation from ideal shape of the
inner/outer race and balls are dealt,
then, thus linear model is effective.
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2.3 AOEERFMDOEN Outer ring radial displacement

KA, BXW, B%, M, BLO, Nwe o

Hefih s b5 ZHPE 2 HHOR—/IZONWT,

N, g, B, R—LOERIBES D
F#%, RN, w,, w,, BEY, w,,
EL, ot~ 1, LT, Rt
K,, BXO, K, 2RET DL, SmDZEN
IZOWT, M7DETFTLEHD.

On the number z of Z ball which has the
point A/B as the outer/inner race contact
point, the deviation from ideal shape of
the inner/outer race and ball w, , w,_ ,
and, w,, and linear contact stffness K,
and K, by the force f — f _ makes the

outer ring displacement model of Fig. 7.

Sl Outer race
Point A

=

Point B
WNifii Inner race

fZ_ fza
WO
fZi fza
SO, Ok
G D AT
Outer ring
Wz displacement
Pl ¢ P
K, é;%%ﬂ)%ﬁﬁi Inner ring rotary axis
Outer ring _ K, Ky
Wi displacement K, T K,
P T _

w

7 W1+W0+sz

Inner ring rotary axis

X
Fig.

X8 1%, WimElfinflhz AL LT, Jhimas Bee
FIAECDEN (x, yv) &, ZMEPE 235%
BORE w, , BLY, ZTOMEEMAIE K
EDOBREERTD.

X7 DET VX, B, OFEICERLT
IRARTEN, K8 TIE, ST I %3 2 HEfil
a DEENMZ HILTWAD.

(f,—f, )cosa

|
PN i [ i i

Inner ring rotary axis

X
Fig.

BURTEAR 1 & O3 & ATY A BERRIINEL & 2 SMRZE (02 7 1

Outer ring displacement model by linear contact stiffness

Fig.8 defines the relation among number z
of 7 deviation w, , the linear stffness
K, and the radial displacement (x, y)
of the outer ring.

Fig.7 is dealt in the direction of the
contact force f , and Fig.8 is added
the effect of the contact angle «.

SEHRDOZNT  Outer ring radial displacement
(x,y)

X =rcosf
y =rsinf

Shim DR DO, Z T 2 F B O, SRR O B %

Outer ring radial displacement, number z deviation,

linear stffness
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X 8IZBWT, ROBEZENELNS. Next relation is given by Fig. 8.
(f,—f, )cosa = K-(w,cosa—rcos(6—10)))
= K'(Wzoosa—r'(COSGCOS@Z—SiHG Sin@z))

= K'(Wzoosa—roos@oos@z—rsiHG Sin@z)

= K'(chosa*XCOSGZ*ysiHGZ) <o e (13)
ZOfED x FROFNL, OB L7 5. The x direction sum total is as follows,
7-1 7-1
2 (fzf fza)cosoacosﬁZ = X K‘(chosa*Xcosezfysinez)cosﬂz
/=0 2=0

7-1 7-1 7-1
= K’(COSOLZWZCOSQZ_XZCOSZGZ_YZSin@ZCOSGZ) - -0 (14)

7z=0 7z=0 7z=0
SN 55 mo ) £, BEW, f,, The x direction sum total of the radial
D x FHOMFINLI0 TH 5. direction of the force f and f , are 0.
WDz z, X 14 OLEVLOEIZO THS. Therefore, the formula 14 left side is O.
7-1
2 f cosacosf, = O <« « « (1h)
z=20
7-1
2 f, cosacosf, = 0O <« (16)
z=20
7-1
Z(fszza)cosacosezz 0 <« o (17)
z=0
X 14 OELDOEIZ0OTHY, KOMEIZO TIX The formula 14 left side is 0, and K is
U, LT -o T, kx5 5. not 0. Therefore, we get next formula.
7-1 7-1 7-1
cosaZWZcosezz XZCOSZGZ+ stin@ZCOSGZ
z=0 z=0 z=0
- Zz—:ll—i-COSZGZ n Z-1sin2 0,
- XZ:0 2 yz:O 2
-1 1 7-1cos 2 0 Z-1sin2 0
XEO 2 XZX::O 2 yEO 2
7 Z-1cos2 0 2-1sin2 0
= xZ 4 xT———t 4 gyt 18
X 2 XZ:O 2 yZZO 2 ( )
3=7Z OFMHTIE, WAL T 5. Next formula is correct in 3 =7Z.
-1 cos 2 0 -1 cos2 0
—* =90, .. x2——% =0 - .- (19
z=0 2 XZ:0 2 ( )
Zlsin2 0, 0 ) ZZlsin2 0, 0 (20)
z=0 2 o ’ o yZZO 2 o
LMo T, ROFEREES. Therefore, we get next result.
) 7-1
X = ﬂZWZCOSQZ - - - (21)
Z 7z=0
FIREIC LT, ROFERPEFELND. By similar procedure, we get next result.
) 7-1
y = ﬂz w_sin@ « .- (22)
Z 7z=0
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2.4 HEBEBRNLDOKE Deviation from ideal shape

Nlim#LIE O BRERIZIR ) b DRZE w, 1%, Nigo
[FlERH.LN D R AEME 0 128 Té%ﬁ?‘iﬁ
FDfRZEE LT, BEEEHLLIS3T T DRt 2
DT, wATRINS.

w, (0)

S ERHLE O BFRTER D DA w 1%, Fhmo
TR L O RT-AEALE 0 (2800 %5
HEofRzEsE LT, RATEHIND.

VVO(G)

%2 % HOR—NVOHEEIZR DG OB IRAE
mm&k<k,f~w¢mﬂg@ﬁfu%6
IRITLEEIN & DRAL LT, FEEELD
RAEZEZO TR TRIND.

The deviation from ideal shape of the
inner race is expressed using the rotary
center angle 0 and including the rotary
eccentricity as follows,

= 2 W, cos(k 0+¢,) < oo (23)
k=1

The deviation from ideal shape of the
outer race is expressed using the object
center angle 6 as follows,

= kZWOkcos(kG—i-d)Ok) <. (29)
=2

The deviation from ideal shape as radious
of number z ball w, _ is expressed using
the object center angle 0 and including
the deviation from avegrae as follows,

w,,,(0) = k%:()szkcos (k 0+¢,,,) < o« (25)

Nilig DN 2L S DR — VDA, A
NHRBETORHBORZE, T7hbb, HED
ﬁ#f%é

Fz /BB OR—IVOHERBRNO DOREE LTz
w,, 1L, BEEORZEZTHY, RKATEIND.

w,,(0)

The deviation of balls which generate the
outer ring displacement is the deviation
of the diameter as distance from A to B.
The deviation of number z ball w, is
the diameter deviation as follows,

= w,,(0) + w, (0+nrn)

= kZ\?Vbzkcos(k 0+d,,) T kZ\?\/bzkoos(k(e—|—7t)+(i)bzk)
=0 =0

[ee]

k=0

wdk@%wﬁ+¢):{

= X (szkcos(k 0+ ¢,,0)+W,, cos(k(0+n)+ (bbzk))

= Z bzk<oos(k 0+d,,)tcos(k (0 +n)+(bbzk)>

= 2 W, ocos(2k 0+, ,,) - -+ (26)
k=0
cos(k+¢) at k=0, 2, 4,,,
—cos(k §+¢) at k=1, 3,5,,,
Therefore, the number z total deviation

L7 o T, % zFHDONE
O DIRZORI w1, ﬁﬁ’(i‘%éiﬂé.

BT 5 Him PR

w, is expressed as follows,

w, = w,(0,—0)+w_(0)+w, (0, - - - (27)

Z
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2.5 AEBWMESDEHE Outer ring displacement calculation

=21, B, &K 271 e, XEE5E5. From the formula 21 and 27,
200304Zl
X = ——— w.(0,—0)+w_(0)+w,,(0,) JcosO, <+« (28
Z ZO

iz 23, 24, 26 #fCAL, kXEHES.

Substituting the formula 23, 24, and 26,

2cos o !
X = > Z Wlkcos k(0 —0)+o, k)+2 W, cosk0 +¢ ) +22 Wb 0 oS (2K 0+, ) |cos O,

A

7-1
= 2cosa <2chos(k(0 6)+¢1k)>0050

Z =0

o 7-1/ o
+ ﬂz <Z W, cos(k 0 + (bok)>oos 0,
—0 \k=2

Z 7z=0
2cosa L}

+ TZ ZZWb 2kcos(2k9 +¢>b22k) cos 0, < o+ (29
7=0

FDNEFZ ANz T, RXE2E5.

Changing the sum operation order,

oo 7-1
X = cosaZ(Wik%Zcos(k(Gz6)+¢>ik)cosez>
k=1 72=0

oo 9 7-1
+ cosa X <Wok—z cos(k 0 ,+¢ ) cosO Z)
K=2 7 =0

4 7-1
+ oosaZ( Zszzk cos(2k 0,4+ ¢,,,) cosl ) -+« (30)

k=0

Nilii, M, BLY, R—LORRIBIRI S O
WAL, TNEh, Mo MmO B A
JAFFZ D3, 30 TR

N DIRAS & DM O N x ;, S DOl 7E
IZ R DM mOEN x,, A—AOREZLD
WimOER x, ZHWT, RE255.

x = (x,+x,+x,)cosa

b
I
M8

1

M
l
D8

=
Il

2

The formula 30 shows the deviations of
inner/outer race and balls influence the
displacement independently each other.
The displacement by inner race deviation
X, , outer race deviation x_, and ball
deviation x, make next formula,

(31)

< 1kZ Zcos(k(@ —0)+ ¢ . )cosO )

< OkZZcos(kG +¢ )" cos@)

w [ 4 7-1
X, = k2:()<722()\7\7m2k'cos (2k 0,7+ d,,9) cosh Z)
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2.6 NEBOREIZL DZEN. Displacement by inner race deviation

NI ORI L BB x, 1E, KkERD.

(o]

2

k=1

X

AR OARICLY, ROHEEZES.

9 7-1
<Wik7220(:os(k (6,—0)+ ¢, )cosb Z>

cos(k (0, —0)+ ¢, +0) +Cos(k(92—9)+¢ik—9

The displacement by inner race deviation,

(32)

By the trigonometric function formula,

)

VA

cos(k(0,—0)+ ¢, )cosh,

cos((k+1)

2 2
0, —k0+d,) +COS((k—1) 0,—ko+d.)

2 2
r — 1, cos 2
(k+1)02—k6+¢ik:(k+1)< e ”Z>—ke+¢ik
2r, Z
(k+1)(r —r,cosa)—2kr
_ SERE L S (k1)
2r, Z
(k—1)r +(k+1)r cosa k+1
= 2r. 6+<bik+27tzz
o B r.,— r,cosuw 27T 7z B
(k—1)0,—k0+4¢, = (k 1)( 2t 7 ) ko+ao,,
(k—1)(r ,—r,cosa)—2kr, 271 7
= < “0+(k—1 + ¢ .
>t 0 + ( ) = b
B (k+1)rc+(k—1)rbcoso¢ 0 + T k-1
a 2r, @ i Tz
(0, k#1 and k#¥nZ=*1
7
7-1 —vcos(0—¢.) , k=1
2 cos(k(0,-0)+d . )cosh, = < 2
z=0
7z r trcosaw
?cos nz 2. 1 ]0-¢, ], k=nZ=x1

\

L2~ T, ROMRERS.

X
r + r,cosa
lze) = nZ ot 1
ZORERIT, x, 1220 OFSEEEMRN L
ZRLTND.

BRI, T Ta AR 2 0 O n
EEND T ENMBNTND.

= Wjcos(0 —o;) + glwi(nZil)Cos(InZile7¢’i(nli1))

Therefore, we get next result.

(33)

This result shows that x; does not have
the 2 0 element.

Empirically, it is known that the Anderon
vibration includes the 2 6 element.
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2T, ZNETORBICIEE ENVER %,
NEmELE DR 20BN 52 L L3 5.

N EmELIE O [FiRfh 2 63 D EANE, NEmo[alHs
LN oT, i 2K EHE LT

NERELE O & [mldsE O 2T A E B & L, N
D 1 [al#ETHA U 2 4Mim DN % X 9 12T

Therefore, we newly append the slant to
the inner race deviation concept.

The inner race slant against the rotary
axis shakes the whole rotating bearing.
Fig.9 shows the outer displacement made
by the inner slant [ in one revolution.

Peak Valley Peak Valley
s [r——
N E— N E—
T 3
pu— O —_———, pu— —_————,
0 = 0=mn 5 T

X Q,W%%%®@ﬂl3mioféba

Fig.

X9 TR K 9T, WEmiuE OERNC K- THE
CAZENIE, 1R T2EOERERE 25,

4 10 1%, ZoREOmAREELZ 2W &L,
FOREXZERDDIZDDIEKTH 5.

1 [B]#5 5 D S D H- 88 7 [0 D IS

Outer ring radial displacement by inner slant [ in one revolution

The displacement driven by the inner race
slant has 2 waves per revolution.

Fig. 10 shows the drawing for getting the
outer ring displacement magnitude 2 Wiq.

2 W,
S D 4%
I °©" Quter ring radious
e
1 ]
] . NERHLE O BT Ko THA L 2 4Mim D ZNL O HRIE % 3R D 2 1K

Fig}o

X 10 b, ROMRERD.

W _i ro
S 2 cos BB

L7Z3o> T, ROMRERD.

1

+ E;SVﬁQmi1)COS(InZile _'¢j(n2i1Q

1 —cosp
r = r —————
© ° 2cosf

" Drawing for outer ring displacement magnitude by inner slant f

We get next result by Fig. 10.

(34)

Then, we get next result.

x. = W, cos(0—¢,) + Wecos(2 0 — o)

(35)
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2.7 AGOREIZLDBEN Displacement by outer race deviation

SRORZEC LD x, 13, WakE RS,

(o]

k=2

The displacement by outer race deviation,

Z-1
X, = Z(WOK%ZCOS(I{ QZ+ (bok)COSQZ) < -« (36)
z=0

AR OARICLY, ROHEEZES.

cos(k 0 ,+ ¢ JcosO =

cos(k 0 +¢ ,+0)

By the trigonometric function formula,

cos(k 0, +¢_,—0)

cos((k+1)0,+¢ )

2

cos((k—1)0,+¢ )

2
r — I ,COS 2
&+&)%+¢w:(k+1< e b 2% g4 7”>+¢>0k
2r, Z
_ r.— I,cosa 21z
(k+1) 5 ¢ 0+ (k+1) 7 +
r — I, cos k+1
— (k+1)——" g4 +2x k
- B r.— I,cosa 21 7
B B r,— r,cosw B 27z
= (k—1) >t 0+(k—1) 7 + ¢
r — I, cos k—1
— (k—1)——" " g4 +2x z

2r

Z

0O, kFnZ=*1

7-1
2cos(k 0,+¢ JcosO, =4 7
z=0 n7z

—cos
2

LIei3o> T, ROMERZEHED.

(o]

n=

r,— T, cosa
2r,

O, = nZz

CORERNG, AMFIELED nZ—1, BLO,
nZ+1 ORNRD25O09RYSDS, @
72 0,0 DO EETZ LD,

I'C* I'bCOSOé

> 9+¢w>,k:n2i1

Therefore, we get next result.

Fo ZI<WO(HZ1)COS<O“Z 6+ ¢O(“Z*1)) +VVo(nZH)COS(C)nZ 0+ d)o(nZH))) =0 (37)

This result shows that the different two
element of nZ—1 and nZ + 1 waviness
generates the common O _, 0 elemant.
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2.8 AR—NLVDOREIWZLBDEN Displacement by balls deviation

N—IVDIREIC L DA x ) 1%, kA ERD. The displacement by balls deviation,
o [ 4 71
X, = Z<—2Wb22k'cos(2k6b+¢bzzk)°cos(9z> <« « (38)
k=0\ Z 2=0
“ABKOARICLY, ROFHELZES. By the trigonometric function formula,

cos(2k 0,+,,,T0,) cos(2k 0+ ¢y, —0,)

cos(2k 0,+d, ,)cosl = 5 + >
oK o + Lo — 21{1"2*1*%0052046Jr Jrrcfrbcosoc 27 7
b d’)bZZk z 2rbrc d)bZZk 2rc 7
r2 —ricos?a I, ,— T ,cosw 21 7
= 1|2k < 0 + +
( 21,1, 2r, ) ® bu2k Z
r2 —ricos?a r,— I ,CcoSw 21 7
2k 0,+ — = 2k + c _
6b d)bZZk 6Z 21”er 6 (bszk 2rc 7
r?2 —rgcos?a r,— I, cosw 21 7
= 2 k C — c 0 + _
( 2r,r, 2T, @ b2k 7z
L7=MNo T, ROFEREES. Therefore, we get next result.

2 X (171 2
X, = 72(2 sz2ncos<BAn9 + by T Tz >>

n=0 \z=0 7z

2 = (Ll 2
+ —Z(Zszzncos(BBn6+¢>b22n = >> c e e (39)

n=0 \z=0 Z

B — on r? —ricos?a I — T, cosa
An 2r.r 2r
b c c
B — on r2 —ricos?a _ r,—rycosa
Bn 2r.r 2r
b c c

ZORERND, A—LD 2 n D IHRYDD, This result shows that the ball waviness

B, 0 , BLY, B, 0 ORLRD2ODS element of 2 n generates two different
AT Z ENHD. vibration elements of B, 6 and By 0.
ZEHDOR =L, FEND, IEEALD RSy Each ball of the Z generates the outer
S AER S S. displacement element independently.
AR—N®D n=0 Ko, ZEOR—I/LDIY n =0 element of ball waviness means the
L, HFRXDR—NEDFRDETHDH. radius difference to Z pieces average.
B, » BXW, By, 1&, ROMEY L7425, B,, and By, are as follows,
r —r,cosa
By = — By = — 9 rbc -« -+ (40)
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2.9 7rosusiEBETIIVOER Anderon vibration model summary

CLEMD, 7 rTa U REIOZBAIE, Nigalis Then, the Anderon vibration displacement
AEOREE x(0) LT, wAlTREN5. shown the rotary angle function x (0).

x (0) = (xi(6)+xo(6)+xb(6)>cosa - - (41)
x;(0) = Wi1COS<G_¢i1>+WsCOS<2 6—¢S>+21<Wi(n2il)cos( InZi1G_¢i(nZi1)>>

Xo( 0 ) - zl(Wo(nZI)COS(OnZ 0+d o(nZ1)>+Wo(nZ+1)COS<OnZ 0+¢ o(nZH)))
2

o - 2 Z-1 2
Xb( 0 ) - _ZO<Z szZnCOS<B 0+ d) szn — >+ ZOszanOS<BBn 0+ ql') bz2n ;Z ))
0 - PN i 0D [B] s A B (x_ﬁ~W®%%ﬁ _ R— L DR
" Inner ring rotary angle, " Ball contact angle, " Ball quantity
4 B OEE 4 . BTvonRiEeE
b Ball diameter, ¢ Ball orbital diameter
W NEwD 5 a0 ZALE k B DIRE
ik Inner race waviness displacement k wave element amplitude
5 N D 5 120 ZEALE k Rk S OALAE
ik Inner race waviness displacement k wave element phase
W PN i O S Tl & BE 1T O AT BE DR 22T K 2 By DO YR IE
S Amplitude of parallel deviation of inner ring edge and race element
5 PN O S T & BB T O AT EE DR AN K 5 plcsr O
S Phase of parallel deviation of inner ring edge and race element
d.,+d cosa
I ,4, = nZ 2 4 += 1
W FhIwD 9 20 ZEALE k RSy DIRE
ok Outer race waviness displacement k wave element amplitude
5 ShmOD 9 120 ZENLEE kR DALFH
ok Outer race waviness displacement k wave element phase
d.,—d,cosa
O, = nZ 5> 4
W Bz BBOR—ILD D0 BN k B DOIEE
bzk * Number z ball waviness displacement k wave element amplitude
6. . - Bz FZEHOR—LD DR BN k RS OAAH
bzk * Number z ball waviness displacement k wave element phase
d2— dZcos?a d —d, cosa —
B, — 2n—" b + c b ’ B — d,—d,cosa
2d,d, 2d, A0 2d,
d2—dicos?a d,—d,cosa
By, = 2n 24d.d - 2 d ) By, = — By
b ¢ c
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T oTa ARBOENEE v (0) 1%, kAT
/ohb.

Anderon vibration displacement density
v (0) is given as follows,

d x d
v(0) = 10 do <X (6)+X (0)+x (6)>Cosa
(dxg A d x
d 0 d 0 d e cosa
= <Vi(6)+vo(6)+vb(9))coso¢ e o« (42)
v.(0) = Wﬂsin<9¢ﬂ>2WSsin<26¢>S>
Ezllnz+1VViQa+1)Sin( [ 74,0 ¢j(nz+1))
v, (0) = —Z_ZIOHZ<WO(HZ_1)Sin<OnZ 0+ (bo(nZ—1)>+Wo(nZ+1)Sin<OnZ 0+ d)o(nZ+1)>>
o 2 2 ol , 27wz
Vb<6) - 7750 BAnzgovvaZnS1n BAn6+¢)b22n+ 7

2 «© 7-1
772 <BBnZz:0Wb22nSin

n=0

ZDOETIVORMIL, ROBEY THD.

1) WmsEgs L, @700 2520 CoM w3
i1k 2 B ISV T, S DT 1]
DOIRENE, WimlElin G EORKTH 5.

2) A= gl ANz, BRI S
SN 5 EIE MRS,

3) Wi, M, I, R—uid, SR T

Mg B Y, FLAME, FIlikE LT
RS .
4) B SICBIT A O80 S5 0 G, Shdgo

et ﬁﬁ@hﬁ%*béﬁ%%TWTﬁé.

5) M, BXIW, REEIZHOWVWTIE, =0
NRZ AL TN D

ZOETIVOREIL, ko@D THD.

1) N, MG, BELY, R—/Ld9H R0 IR
Mo, 7T a AREOIE A EEFR T
S5ArZENTEA.

2) W—AR, H—IVRAERRE, A, BX
W, By, TEARTA—XTHD.

3) #whrmod), BIO, BEmEIPEL, FHE
IZEENL.

<BBH6 + (bszni

27‘52))
Z
This model conditions are as follows,

The radial vibration of a ball bearing as
rotating inner ring and stationary outer
ring is an inner rotary angle function.

The balls rolling is kept as the motions
calculated by the ideal shapes.

The inner/outer ring and balls have rigid
bodies without the elastic contact points
each other.

This is a static model by using the force
balance at the contact points.

The effects of the lubricant and the cage
are omitted in this model.

This model features are as follows,

The Anderon vibration waveform can be
calculated directly by the wavinesses of
inner/outer race and balls.

The ball diameter, orbital diameter, Z,
and contact angle are the main parameter.

The axial force and the contact stiffness
value are not included in the formula.
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3. 7T u iREEIDZE) Anderon vibration behavior
3.1 HEFES/NVDZE) Calculation model behavior
F1IORTE TOEES 6 0 8%, etEET L We research the model behavior applied

WCEA L, ZOFEEBEZRS. the 608 bearing of Tab.1 parameters.
#= T TR UARBIOFEE T VCHEA L7- E#Z 6 0 8 DT
Tab_1 * The parameter of 608 bearing for the model calculation
I AN S 9N TR R—n¥ 7 it
Ball diameter Orbital diameter | Ball quantity Contact angle
Type mm mm deg
608 3.9688 15 7 10
BERIER B DIRZEILX, R THZ 5. The given deviations are as follows,
W, = 2.5 um + - - (43)
Wy = 0.05 pum « o o (44)
0.1 um
Wy = —75 »at 2=k<800 « -+ (45)
0.1 um
Wy = —775 »at 2=k<1360 < -+ (46)
O.1um
WbOk:T,at 2=k<287 - . - (47)

A ¢y, 65, BED, ¢, 1L, 0&L, The phase ¢ .,, ¢, and ¢, are set to
by by BED, ¢, 1& ELEIZL-T O, and ¢, , ¢, ., and ¢, are set by
H5z25. random numbers.

INHO5EAE 42 A L, NilgElEs A Fig. 11 shows the waveform calculation
DRI L LT B 1L 5 i O 2205 B DWTE % result for 608 bearing of above waviness

11 1ZR7. conditions.
. P Y 7 N ~
A TN A AR AN JdA
FNAR w 1 a \ a
= / / \ | /| f \ |y
. i Wi 4| / AL W v/
kv b b L") Nt W

11 - Effiz 6 0 812 Y725V ZWH L7 7 v AREIOBIERT R

Fig.”” ° Waveform calculation for 608 bearing with the appropriate wavinesses
ZOWHKTIE, WiORLE 2. 5um I2XD In this waveform, the 2.5 g m/rad of 1
1EHEIZ 1B 2.5 um/rad OIRENHNDPEZE time/rev made from 2.5 u m eccentricity

THDHD, TOMITHIBIDKEH THS. is featured, the others are not clear.
ZOWKE 7 — U =4 L, Anderon THftHhA Fig. 12 shows the Anderon spectrum made by
HoTm AT N T L%, 12 |Z/RT. Fourier transform from this waveform.
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BAND wave 0.17 0.67 1.67 10.0 60.0 360 1.67-360 0.17-500
Anderom U [0.46 R GO.52 L 2.16 M 1.46 H 1.45 E 1.72 a 20.52
100
10
] ] f I
L
[ T di]g
1 3
i I
|
| |
o. |
. f :
1
/
0.01
I 1 10 100 uave
X C E#h= 6 0 8IS A RV ZEA LT v T v AREIDO AT N T AFHE
Fig.”” ° Spectrum calculation for 608 bearing with the appropriate wavinesses

X 12 1%, ElCsH LR 2 Lk E it &
MTHY, ftdh, L0, BEHE, mWFETHRU
B2 LTS,

X 12 THW 2RO HAL wave X, X2 OFf
#ii o> BiZ. TRREGULARITIES PER REV & [ UEIE
ThY, 12 TiE 1 wave LA FETH, FER
INTND.

B 12 1%, ZEOBEBA~ST T LA TH S

TWT, ZhiE, & 41, BLY, 42 TRrEh
HiERERLTND.
Li#8>C, 207 7 a  ARBOMEE TV

X, X203 RT R AR M EARRTAHHD
Ll A ST
X2 W T 7 rafE5lE, OB Thb.

L band
X 12 BT 7o TruAfHE, ROBY ThhH.
[ band

Wi, e, BX, R—roHanix, L, M,
FBEXW, Hband BRICHEARTIEEZEXL T
BRE LT, WNlmiE OEBIOEE Mz 5 Z &
2 >T, L band BNE< AR L o7,
7T a AREBNOZEENL, N, Mm, B L0
R—NVDREAZT IR UEDZ ENTED.

Fig. 12 is the figure to be compared with
Fig.2, and the vertical/horizontal axis
units are same in both figures.

The horizontal axis unit wave in Fig. 12
has same mean as horizontal axis the unit
IRREGULARITIES PER REV in Fig.2, and in
Fig.12 it is showen under 1 wave.

The shape in Fig.12 is composed of many
discrete spectra, and it shows the result
of the formula 41 and 42.

Therefore, this Andeon vibration model is
not to generate continuous spectrum shown
in Fig. 2.

Anderon values in Fig.2 are as follows,

70 Anderon, M band 63 Anderon, H band 52 Anderon

Anderon values in Fig. 12 are as follows,

2.16 Anderon, M band 1.46 Anderon, H band 1.45 Anderon

The inner/outer race and balls waviness
values are set to make same L, M, and H
band values, but the L band value became
larger than oters by adding inner slant.
The Anderon vibration behavior can be

dealt by inner/outer and ball deviation.
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3.2 WNERZEICXDZEH)

Inner race deviation behavior

BAND wave 0. 17 0.67 1.67 10.0 60.0 360 1.67-360 0.17-500
Anderom U .03 R 6O.53 L 1.87 M 0.6 H 0.78 E 1.724 A 20.50
100
10
| M
1
i
[ I
]
Vﬁ i I
o.1 ,f  — H
= H— i |
I I 1 T
| T
[
0.
1 10 100 uave

X
Fig.

X 13 1%, WEiRZDOHZwEH L7 7 m
RENART N T LOFERERTHS.
X 13 SR T 7T uAMH5E, ROBY THDH.

L band

NEgfE OMERNE £ 5728, L band OfE
%, M, BEL, Hband OfEL D K&\,
FRZ LD 1wave, HEHZ LD 2wave gD
%I, 1,4, lvave] BN TND.
ZO%E, Z=T7TTobdN15, nZxE1DRY|
%, WOEFNEL725.

6, 8, 13,
SORHD 1., 1 KR TELRD.

15, 20,

d.,+d, cosa
2d,

X 13 OFT, 2D 1, Ko, HEEEEo
WARNC R 2 5. Z oA, FHE 6 [R5y O
RENWEIRIC L DT 4 A7 U — 77— =%
EHLTWDZ LTk,
Lkﬁof,%ﬁlﬁ 1%, B A7 bk
L TR STV 5

I,, = 7X

22,

#5260 8ICNERRAD A A L7=7 7 v U REI AT R T LAEHHE

" Calculation example for 608 bearing with only inner race deviation

Fig. 13 shows the calculation example only
using the inner race deviation of 608.
Anderon values in Fig. 13 are as follows,

1. 87 Anderon, M band 0.75 Anderon, H band 0. 78 Anderon

The L band value is larger than M and H
band value for including the inner slant.
The 1 ,., [wave] elements appear after
the eccentric and slant of 1 and 2 wave.
In this case as 608(Z=7), the nZ=* 1
means next progression.

27, 29, 34, 36, , ,

This first 1,, is shown as follows,

3.41198 (48)

In Fig. 13, the I, , element seems curved
line with a peak. The reason of the shape
is that the Discrete Fourier Transform is
applied for the six revorution waveform.

Therefore, the I ,., elements are made

as the discrete spectra.
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X 14a 1%, WNERD 5 20 ONFLZ ELEL TrERR
L7, X 14b 1%, fifHZ3 T 0 & LT
ER L= CTH 5.
ZOWEE, RIEAT T LANRFELTHY,
13 TRIRT M T AI—ET5.

Fig. 14a shows the waveform calculated by
random phase waviness, and Fig. 14b shows
the waveform by all 0 phase waviness.
These two waveforms have same magnitude
spectrum shown as Fig. 13.

4
I\ LN A i M i
AR AR AR AR AR £
VAR \ \ | \ 7Y
3 ] / ] | /
_E v/ v/ \ A/ Wi v/
W7 N Y W g W
-4
1 2 3 4 5 rey
WNERD 5 320 fl oy 2 ELENLAE CTHERK L 727 7 v U IREBV OB EHA
Waveform calculated by 608 random phase inner race waviness
4
ol T £ AT T £
< LN AR F LN AN R AR
£ \ Y T § [
s / I |
R NI W/ \ WY Wi WA
W7 “LE ) ~L7 N WA
-4

1

I | h rey

o 3
WNERD 5 30 T ZALFE 0 THERK L7277 7 v VEE O E A
Waveform calculated by 608 all 0 phase inner race waviness
E14.£%§6OSKW%@imD@&E%LKTV?DV%%&%®%%

Fig.”” ~ Waveform calculation for 608 bearing with only inner race wavinesses

X 14b 1%, WRHLEIZF X0 & D56 OIETE
EEBEXDIENTED.

A, RIS K D IR — E MR D 2L X
EEPLBERTHS.

Z DIV ADIAEREL, WA THEAZLND.

w— w

Fig. 14b can be considered the waveform of
flawed inner race.

This is the constant distance pulse on
the sin wave by the eccentricity.

The pulse frequency is given as follows,

72— =7
w

iz, Efihs6 0 8D TEEMALT, kD
FERESD.
d.,+d,cosa

7 X =
2d,

ORI, K 14b & —E T 5.

d.,+d,cosa

2 d. (49)

Applying the 608 bearing parameter, we
get next result.

.41198 -+« (50)

This result matches the Fig. 14b.
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3.3 AmIEEIZ L AZE) Outer race deviation behavior

BAND wave 0. 17 0.67 1.67 10.0 60.0 360 1.67-360 0.17-500
Anderon U 0,02 R 0.06 L 0.65? M 0.47 H 0.46 E 0.50 A 0.42
100

10

1 10 100 vave
15 - E#h%Z 6 0 S IZAMRRAEDHZHA LT T o U ARE A~ b T LFHE
Fig.”” ~ Calculation example for 608 bearing with only outer race deviation

15 1%, AMwiREOAEZ#EA L7 T a Fig. 15 shows the calculation example only
RENANRY T LAOHBEERTH S. using the outer race deviation of 608.
15 DRI T o AfEHE, ROBY THD. Anderon values in Fig.15 are as follows,

L band : 0.57 Anderon, M band 0.47 Anderon, H band 0. 46 Anderon

L, M, 383X, H band OffEIX, A WIZITVVE The L, M, and H band values are similar

LTS, value each other.

AT N AE, O, A THEASATND. The spectrum is composed of O, elements.
ZDO%E, nZi%, ROEIITHD. In this case, n Z is next progression.
7, 14, 21, 28, 35, 42, 49, 56, , , ,,

BAID O, 1%, WTHEZXOLND. The first O, is given as follows,
d.,—d,cosa
O, = 7X = 2.58802 -« « (51)
2d.
Z g, 15 ODERMIOE—7 L —HT 5. This matches the first peak of Fig. 15.
RO O, 1%, WTHEZLND. The second O, is given as follows,
d,—d,cosa
O, = 14X — 5.17603 e e (52)
°od,
Z g, 15 D2FHOE—7 & —HT 5. This matches the second peak of Fig. 15.
ZOEIT, AMmREIZL DT T u SRENT, Thus the vibration by outer deviation is
O,, 7 DB AT MLV THR SN S. composed of O, , element discrete spectra.
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16a 1%, MmO 9 Y ONFHZ L CTIERKR Fig. 16a shows the waveform calculated by
L7, 16b 1%, (VifHZT T 0 &£ LT random phase waviness, and Fig. 16b shows
ER L2 CTH 5. the waveform by all 0 phase waviness.
SRR E DT T a VAREI DO AT N T A The spectrum magnitude made by outer race
X, 2R DN K- TRENZT 5. is changed by the waviness phase.

1 2 3 L 5 rey
S D D 320 jlsy a2 LA THERL L 72 7 7 1 ARE) O

Waveform calculated by 608 random phase outer race waviness

1 2 3 L 5 rey
AR D AV BT A 0 TR L7727 7 v VIREI O T A
Waveform calculated by 608 all 0 phase outer race waviness
~ E#h5z 6 0 8ITHfwD 5 00 OAEH L7eT v 7 v CIREEIE OFHE

Fig.”  ~ Waveform calculation for 608 bearing with only inner race wavinesses

b)

16b 1%, AMRELEIZS A0 H DS DOIRTE Fig. 16b can be considered the waveform of

EEZDHTENTED. flawed outer race.
L, MO SNV RIZRZ D TH 5. This looks a constant distance pulse.
T DNV ADBAEREEX, WA THEZLND. The pulse frequency is given as follows,
) d.,—d,cosa
7 - £ = 7. C o o s 53
10 2d, (53)

T, E#hs 6 0 8DREcEMEA LT, RO Applying the 608 bearing parameter, we

FERESD. get next result.
7xdemdicosa o, Sgggg (54)
2d, -
Z DORERIT, 16b & —E 7 5. This result matches the Fig. 16b.
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3.4 R—NVREIZCLHBZE) Balls deviation behavior

BAND wave 0.17 0.67 1.67 10.0 60.0 360 1.67-360 0.17-500
Anderon U 0.43 R 0.04 L 1.04 M 1.17 H 1.13 E 1.11 A 0.86

100

10

—
=

Nl

1 10 100 wauve

L. FWIE 6 0 8ICHR—MREOHE N LT 7 n ARBIA < b AR
Fig.” ° Calculation example for 608 bearing with only ball deviation

17 1%, R—IUREOHREZ#EHA LT T Fig. 17 shows the calculation example only
VARENANRY N T ADFHEERTHD. using the ball deviation of 608.
17 DRI T TaAEE, ROBYTHD. Anderon values in Fig.17 are as follows,

L band : 1.04 Anderon, M band 1.17 Anderon, H band 1. 13 Anderon

L, M, 383X, H band OffEIX, AWIZITVVE The L, M, and H band values are similar

R L TWA. value each other.
KOO —271%, B,,=—By, DT THD. The first B,,=—B,, is as follows,
d.,—d,cosa
B, = — By, = = 0.369716 .+« (55)
2d,
17 25HiE, 0. 3 4R & AT AEDS, In fig. 17 it looks approx. 0.34, we guess
T, AHEOGHRENMEWZD EEZ D, it is for low precision of calculation.
ROE—271%, By & B, DB THDS. The next By, and B, are as follows,
B~ o9x d2—dicos?w d,—djcosa 5 15316 (56)
B 2d,d, 2d, T
B, — gx—Sedicosta | demdicosa o050y (57)
A 2d,d, 2d, -
g, 17 OD—7 L —EHT 5. This matches the peakes in Fig. 17.
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18a X, R—/vdD 5V ONFHZELETIE
ik L 7=k, 18b 1%, (AHZT T 0 &L
THER L= TH 5.
ZOWEE, RIEAT T LANRFELTHY,
17 TRIRT M T HI—ET 5.

Fig. 18a shows the waveform calculated by
random phase waviness, and Fig. 18b shows
the waveform by all 0 phase waviness.
These two waveforms have same magnitude
spectrum shown as Fig. 17.

0.8
0.4
E | ) 3 [l
W
E (1]
] T ¥ T
-0.4
-0.5
1 o 3 4 L rev
. A=V D 5 R0 sy & SN THERC L7277 v 7 1 VIREN DI EHE
Waveform calculated by 608 random phase ball waviness
0.5
0.4
g
: Y 10r ARE an
=
-0.4
-0.8
1 2 3 4 5 rey
b) A= D SRS ENME 0 TR LT 7 v RO
Waveform calculated by 608 all 0 phase ball waviness
X C E#iz 6 0 8IZA—/AD IRV DIHEH LT 7 v ARENIEOFHHE
Fig.”” ° Waveform calculation for 608 bearing with only ball wavinesses

18b 1%, R—IVDORIEIIF XD H D55 D
WELEZDZENTX .

ZHE, IREEFEE Lo - —ERBRD LRI
RZ2BEETHD.

ZDOrIOVADREMEL, WA THEZLN5.

b

Fig. 18b can be considered the waveform of
flawed ball surface.

This looks a constant distance pulse with
the magnitude modulation.

The pulse frequency is given as follows,

20— = 2

15
iz, EEhZ6 0 8 cAmEAL T, kD
FERESD.

d2—dfcos?a

2d,d,

2 X

Z DORERIT, 18b & —%T 5.

2 d2~na2
. dz—d¢cos*a

2d,d,

(58)

Applying the 608 bearing parameter, we
get next result.

3.52287 -« - (59)

This result matches the Fig. 18b.
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3.5

LRTHD. WAL, 1EE, —HEHLTWD.

sum square of Fib. 13,

HEETLVOEEOE & Summary of calculation model behavior

F21%, K 13, 15, BXW, 17 2RI(ED 2
FEFOYFTAROEE, K 12 23R 9fE & g4

Tab. 2 shows the comparison between root

15, and 17 values,

and Fig. 12 values. They seem same values.

* T o7 n AR OMREE & Wi, S, N — U RAEC K DEO g
Tab. Comparison of Anderon total and inner/outer/ball deviation value

Band | o “Toval | pok Tmmer | S Guter | en parl |V ITOTD?
L 2.16 1.87 0.57 1.04 2.21
M 1.46 0.7595 0.47 1.17 1.46
H 1.45 0.78 0.46 1.13 1.45

#3102, Wi, sME, BLO, =L DRED
R L, BETLHHEBKSOBEREE LD D.
ZE, 7T a U RENZOWTORERN LD
fEims) &, ERIOERZFRWNT—EH LTV 5.

Tab. 3 shows inner/outer/ball deviation

factor and the generated frequency.

This table contents match the result of

dealt Anderon vibration® without slant.

= - W, MR, RV OBIR LT T m ARE) O 5L E O Bk
Tab.® * Relation between inner/outer/ball factor and vibration frequency
WBih Part BH[K] Factor IRENE S Vibration frequency wave
.t~ Eccentricity 1
fE&}  Slant 2
Wi Inner
9421  Waviness d,+dcosa
nz:- 1
nzZ+t1 2d,
N ” d.,+d, cosa
aw 5 d.
94  Waviness o d,—d,cosa
nzZ+t1 2d,
S Outer
S ” d.,—d,cosa
aw 5 d.
, ) d.,—d,cosa
A Diameter error
2d,
S . ) 2 d2002 _
A~—/L Ball 540  Waviness o0 d2—dZcos?a d,—d,cosa
2n 2d,d, 2d,
= Fl o d2—dicos’a
aw 2d,d,
- EOEEE _ R—IL DRI AR L O il
n Positive integer * Ball quantity ® - Ball contact angle
4 . BovoEtE 4 . B OnRE
b - Ball diameter ¢ " Ball orbital diameter
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3.5 EHKERLDOLE Comparison with measurement
X 19 1%, EfZ608%7 T 0 A—HT
HE L CHEEEEORTHS.

ZiuE, K11 o E L<ETWS.

Fig. 19 shows the measurement waveform of
a 608 bearing by our ANDERON METER.
This is similar to the Fig.11 waveform.
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1 2 3 d 5 SETUPZ
'S MOD—-A—- POLE AVEDL PAG 100 VOL 30 OUT 88 SHS 0.24 Vs SPD 1800 min

NOTE: N
® . E#IZ608% 77 Ry A—8 ADA-100 TRIE LY
Fig.”” ° Measurement waveform of a 608 bearing by the ANDERON METER ADA-100

X 20 1%, F#iZ608%27 T A—&T
HELTEIEART T 2001 THS.
T, K12 L EN ORI THS.

Fig. 20 shows the measurement spectrum of

same 608 bearing by our ANDERON METER.
This is to be compared with Fig. 12.

14.07.25 10:17:17 00005 JFIES T FREE W HOTHING P 1234567893 ADA—100 Verl. 12

BAND vave 0.17 —0.67 —1.67 ——10.0—60.0 — 360 1.67-360 0.17-500 |>'ARTZ
aderon U .37 R 51.69 L 1.14 H 1.0 H 1.40 E 1.20 A 17.51
TRIGGER
100 MINDOM
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10 ; UNIT
| ;
Ii T1
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i: I: -:-:-:-: : z . € b —]
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‘ u G I, ]
L | HH T I P.0.GAIN
[, | |
i [l
0. J il h VOLUME
11
J"lr : !
HOTE
0.01 PRINT
L 10 100 UAVE |y
bum 10D —A~ POLB AVED1 PAG100 VOL 30 OUT 35 SNS 0.24 Us/m ~ SPD1800r/nin
B T 6 08% 75 ur A—4 ADA-100 THIE L7ZfEH
Fig.

" Measurement result of a 608 bearing by the ANDERON METER ADA-100
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X 20 SR T T TR AEIL, ROBY THD.
L. band

X, K12 o7 T a AEETVMEE 7o
TWAHMND, T ORI RS 5N, S,
BILY, A—rnofmzElE, 43 ~ KX 47 T
FE LBV EHERIE NS,

N DRI DR 2 wave DIEN /NI U280,
L band OfENRK 12 LV /NEL o TW5.

20 IZ2FBVNT, 400 wave LL DRSS EE
WCHE LTV 5.

UL, N—RuxzTIlLbda— I RART 4L H
23, ADA-100 IZfEH S TWABTDTH S.

X 20 (28T, WNim, Jhdm, BEY, ~A—n
DR AT &L > THE U DIRERL 5 03580 510503,
% OREsIE, K12 S L, REHANC BT
LTWah.

i, EEOWNE, SE, BLY, K—1ro
WAOFRMAE MLt D LA SN D.
L7=RoTC, ZZTHRLET T a  REO
HEEF L, Torrur A —2ORERREE
RIRT 2B FERETHDHEEZD.

2#Z L #R Reference

Anderon values in Fig. 20 are as follows,

1. 14 Anderon, M band 1.02 Anderon, H band 1.40 Anderon

These values are near to Fig.12 values,
therefore, the value of inner/outer/ball
deviations of this bearing shall be near
the value set by formula 43 ~ 47.

For small inner slant 2 wave magnitude,
the L band value is smaller than Fig. 12.
Over 400 wave elements are attenuated
rapidly in Fig. 20.

Because, the hardware low—pass filter is
used in this ANDERON METER ADA-100.

The vibration elements made by the inner/
outer/ball are recognized in Fig. 20, but
each element magnitude has larger up/down
than that of Fig. 12.

It shall be shown the feature of actual
inner/outer/ball deviations.

Therefore, this calculation model gives
one of effective methods to interpret the
ANDEON METER measurement result.
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