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Fig.2.1 Crossing on the track.
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Fig.2.2 Variety of common crossings[21].
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Fig.2.3 Variety of special crossings[21].
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Fig.2.4 General view of the crossing[22].
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Fig.2.5 Name of rails composing crossing.
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Fig.2.6 Tongue rails.
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Fig.2.7 A joint of crossing at the heel of tongue rail.
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Fig.2.8 An elastic crossing.
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Fig.2.9 The railroad switch.
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Fig.2.10 An electric switch machine.
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Fig.2.11 The lock system in the electric Fig.2.12 Lock pieces in the electric
switch machine[2]. switch machine.
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Fig.2.13 A switch adjuster.
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Fig.2.14 A connecter of the switch ad- Fig.2.15 A connecter of the switch ad-

juster and the tongue rail (left). juster and the tongue rail (right).

ggoboboooobboooobbboooobbbooobbboooobooboa
0000000000000 0O00D0O0O0000OFg2.14000 Fig2.1500000
ggobbboooobbtbooobobbuooobobbuoooobbboooubboo



020 0O0O0O0OODOOODOODOOOD 17

ggobobobooogoboobobooobobbooobobbuoooobobooooboboa
ggoboboooobbboooobboooobbbouoon

233 0000000 [1]

- e

@ I, i
1#87O kOvk
s L )

-

/

= B821ETO bOvE

Fig.2.17 B&21 front rod.
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Fig.2.18 Distance from the tongue rail to the notch of lock
rod[24].
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Fig.2.19 Lock normally[24]. Fig.2.20 Lock error[24].

ggoboboooobobooooboboboooobobobuoooobobooouooboboa
gogbooobooodgboo

gogoboboooobbboooobbboooobbbooobbbooobboboo
ggoboboooon

242 0O00000O0OOODOO

23300000000000000DO0OO0O0OO0ODODOU0OODOOO0OODbDObDOn

ggobboogoboboooobobboooboboboooobobooooobooboa
000 BRI OD00O000OO0O0O0O0O0ODOODOODOO0ODOODOODOODODODODOO
obo0O0o0O00obO00O0obO0o0obO0bOU0bOU00O dObobobUoobOoDOobooo
oboO0obO0bO0Db0O Fg221000000000000DO0ODODODOOOOOOO
oOooOoOoDooOo so7000000O00O0OO0OoOO0DoOO0DOoOUODoOUoDOoOoD
ggobobooooboboooooboo

Fig.2.21 A bearing located in the center of front rod.
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Fig.3.1 Position of bearings on the front rod.

Table3.1 Condition of bearings[28, 29].
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Fig.3.2 The center of used front rod and
bearing[4]. Fig.3.3 The bearing liner wore out[4].
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Fig.3.4 The theoretical bearing model[33].
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Fig.3.5 Drawing of the wear test device[37].

Fig.3.6 The wear test device.
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Fig.3.7 The bearing used in the wear test[37].
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Table3.2 Condition of the wear test[37].
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Fig.3.10 The spring mechanism[37]. the spring mechanism[37].
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Table3.3 Measured data of the wear test.
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Table3.4 Measuring equipment of the wear test[38].
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Fig.3.12 The laser displacement meter Fig.3.13 The joe pin type meter for axial
for displacement of the rod[37]. force of the rod[37].

Fig.3.14 The sensitive displacement meter for the wear of
bearing[37].
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Fig.3.15 Displacement of the rod in the wear test.
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Fig.3.16 Axial force of the rod in the wear test.
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Fig.3.17 Relationship between rod displacement and axial force of
the rod in the wear test.
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Table3.5 Wear amount of the bearing in the wear test[39].
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Fig.3.18 Wear amount of bearing and approximate curve in the wear test.
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Fig.3.19 Various wear tendency of bearing[34].
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Table3.6 Detail of approximate curve of amount wear.
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Table4.1 Condition of the measured crossings[41].
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Table4.3 Measured waves at the crossings.
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Table4.4 Measuring equipment[38].
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Fig.4.1 Position of the measuring equipment on the crossing.
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Fig.4.4 Relationship between strain of the hook and force
from the rod[42].
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Fig.4.5 Acceleration at the heel of left tongue rail (Triaxial direction, Field).
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Fig.4.6 Acceleration at the heel of right tongue rail (Triaxial direc-
tion, Field).
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Fig.4.7 Acceleration at the left hook of front rod (Triaxial direction, Field).
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Fig.4.8 Acceleration at the right hook of front rod (Triaxial direction, Field).

00 Fig4d8000O0OD0O0O0OD0OD0O0O0OO0ODOO0ODO0ODO0O0ODOODOODOODOOFig4.70
gobbobooooobboooobobbobboboooobbbooobobbboooo
ggobobobooooboboooobobbooooboboboooobobooouobooboa
2x10°mm/s’ 00 00000000000000000D0D0O000OD0O0000O0
goobbboooobbbooobbbooobbbuoooobbboooubboo
ggoboboooobobooooboboooobobboooobobooooono

Axial force of the front rod
4000

—Left
30001 — ~Right

20007

1000] A m
O:?::?o(\v(- '{‘f'-\f‘ NG '(/} I /\/>\\/:IY\\ N\ /’I’\ o 4
1000 v \,J\/ VRIA W

-2000]

Force [N]

-3000]

_40000 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

Time [s]

Fig.4.9 Axial force of the front rod (Left and right, Field).
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Fig.4.10 Vertical acceleration at the heel of tongue rail (Same train, Field).
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Fig.4.11 Vertical acceleration at the hook of front rod (Same train, Field).
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Fig.4.12 Axial force of the front rod (Same train, Field).
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Acceleration at the heel of tongue rail
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Fig.4.13 Vertical acceleration at the heel of tongue rail (Different
train, Field).
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Fig.4.14 Vertical acceleration at the hook of front rod (Different
train, Field).
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Fig.4.15 Axial force of the front rod (Different train, Field).
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Fig.4.16 Vertical acceleration at the heel of tongue rail (Different
crossing, Field).
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Acceleration at the hook of front rod
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Fig.4.17 Vertical acceleration at the hook of front rod (Different
crossing, Field).
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Fig.4.18 Axial force of the front rod (Different crossing, Field).
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Fig.4.19 Position of wheels on the train car.
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Acceleration at the heel of tongue rail
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Fig.4.20 Vertical acceleration at the heel of tongue rail (Different
axle, Field).
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Fig.4.21 Vertical acceleration at the hook of front rod (Different
axle, Field).
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Axial force of the front rod
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Fig.4.22 Axial force of the front rod (Different axle, Field).
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Table4.5 The number of data according to axle.

oogon 1 2 3 4

oooon 71 | 71 | 81 | 81
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Table4.6 Statistics of vertical acceleration at the heel of tongue rail according to axle.

O0od 1 2 3 4
00 [x10° mm/s?] 1.238 | 1.804 | 1.551 | 1.827
0000 [x10° mm/s?] || 0.3226 | 0.4414 | 0.3214 | 0.3843
oooo 0.4297 0.5345

Table4.7 Statistics of vertical acceleration at the hook of front rod according to axle.

oooo 1 2 3 4
00 [x10° mm/s?] 0.6809 | 0.5082 | 1.019 | 0.5724
0000 [x10°mm/s?] || 0.2124 | 0.1446 | 0.2705 | 0.1684
oooo 0.1414 0.2730

Table4.8 Statistics of Axial force of the front rod according to axle.

oooo 1 2 3 4
00 [kN] 2610 | 2.109 | 4.467 | 2.582
0000 [kN] || 0.7365 | 0.5459 | 08051 | 0.6143
oooo 0.260 0.2682
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Table4.9 Correlation coefficients of vertical acceleration at the heel of tongue rail
and other waves.

oooo 1 2 3 4

Oooo0Oo0OC0oooOoO || 04202 | 0.2478 | 0.7126 | 0.5513
Ooooooooon 0.5625 | 0.3132 | 0.6727 | 0.602
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Table5.1 FE model of bearing.
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Fig.5.1 FE model of the bearing.
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Fig.5.2 Detail FE model of the bearing.
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Fig.5.3 FE cut model of the bearing.
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Fig.5.5 FE model of the wear test device.
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Fig.5.6 The bearing part in FE model of the wear test device.
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Fig.5.7 The spring part in FE model of the wear test device.
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Fig.5.8 Displacement-Force curve of the spring part.
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Fig.5.9 Imposed rotational part in FE model of the wear test device.
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The function of imposed rotation
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Fig.5.10 Imposed rotation curve in the wear test analysis.
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Table5.2 Property of materials.

0Doo SC SP PTFE
00 [ton/mm’] || 7.86x 107 | 8.6x 107 | 2.15%x 107°
0000 [MPa] || 205%x10° | 7.9x10* | 4.0x10?
Do0O00 0.3 0.3 0.3
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Table5.3 Analysis condition of the wear test model.
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Fig.5.11 The sensing point of the rod Fig.5.12 The sensing point at the bear-
(FE model). ing (FE model).
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Fig.5.14 Top view of the FE model of the crossing.
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Fig.5.15 Entire FE model of the crossing.
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Fig.5.16 FE model of railroad switch device.
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Fig.5.17 FE model of the heel of tongue rail. Fig.5.18 The heel of tongue rail.
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Fig.5.19 Spring models simulating sleepers.
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Fig.5.20 FE model of the tongue rail Fig.5.21 Drawing of the tongue rail con-
contacting to the stock rail. tacting to the stock rail.
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Fig.5.22 Spring models simulating sleepers (tongue rail).
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Fig.5.23 FE model of the hook of front rod. Fig.5.24 The hook of front rod.
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Fig.5.25 FE model of the bearing con- Fig.5.26 FE cut model of the hook of
necting the rod to the hook. front rod.
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Fig.5.28 FE model of the bearing at-
tached to the middle of front rod. Fig.5.29 FE model of the connecting rod.
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Fig.5.30 FE model of the switch adjuster.
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Fig.5.31 FE model of the connecter of Fig.5.32 FE model of the connecter of
switch adjuster and tongue rail (left). switch adjuster and tongue rail (right).
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Fig.5.33 FE model of tongue rail not

contacting to the stock rail. Fig.5.34 The ball bearing on the sleeper.
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Fig.5.35 The load point of FE model.
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Fig.5.36 Impact load curve.
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Table5.5 Analysis condition of the crossing model.
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Fig.5.37 The sensing point at the heel of Fig.5.38 The sensing point at the hook
tongue rail (FE model). of front rod (FE model).
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Fig.6.1 Displacement of the rod in the wear test (Compression to

Tension, Analysis).
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Fig.6.2 Displacement of the rod in the wear test (Tension to Com-

pression, Analysis).
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Fig.6.3 Axial force of the rod in the wear test (Compression to Ten-
sion, Analysis).
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Fig.6.4 Axial force of the rod in the wear test (Tension to Compres-
sion, Analysis).
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Fig.6.5 Relationship between the rod displacement and axial force
of the rod in the wear test (Analysis).
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Fig.6.6 Contact pressure at the beating in the wear test (Compres-
sion to Tension, Analysis).
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Fig.6.7 Contact pressure at the beating in the wear test (Tension to

Compression, Analysis).
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Fig.6.8 Sliding velocity at the beating in the wear test (Compres-
sion to Tension, Analysis).
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Fig.6.9 Sliding velocity at the beating in the wear test (Tension to
Compression, Analysis).
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Fig.6.10 PV of the bearing in the wear test (Compression to Ten-
sion, Analysis).
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Fig.6.11 PV of the bearing in the wear test (Tension to Compres-

sion, Analysis).

doddoggoooooooboooooboobobobobobobboobbbbbbbn
00-0000000000DO00D00DO0bOOoO0o9 Dbobobooooo pv



060 DOOOOODODOO

88

oboog270c J0O0O0 pVvOOODOOOODOOOOODODOODOODODOOO
ggoboboogoboboooobobbuooobbb -o0oobbooooboboa
ggobboboooobbbooobobbooobobbuoooobbboooubboo
goo0obOdb o0obOoU0OO00bOO0ObO0ObOObDObObOUODObDOObOODODO
ggobobobooogoboboooobobboooobobobuoooobobooouobooboa
gooboboooobobboooobboooobboooobobooooboboo
ggobboboooobobbooobobbuooobobbuoooobbbooouobboo
opviOoooboobooboOoOobOoOobOobooOobon

6.23 0D0OO0OOOO

OO0O0000OD0OO0OO0ODO o9 Ooob 270 DOO0O0ODODOOOD 400 PVODOO
0000000 Table6. 1 OO DO OO

Table6.1 PV integral in the wear test (Analysis).

pvioOQOO 00 -00d od-00

90° 28.71 N/mm | 32.91 N/mm
270° 34.00 N/mm | 29.59 N/mm

O00 400000 1252Nmm 000000001 00O00O0OO0ODOODO PV
O0OO00OO000o000b0OTable3.6 00 3.7)000000DO0ODOOOOOOODOO
OO000COTable6.200000O0

Table6.2 Detail of the coefficient of amount wear.
oooo 7.542 x 107" mm?/N
95% 000000000 | 9.064 x 10°mm?/N
95% 000000000 | 6.020 % 10 mm?/N

00000000000000000 1.7x10°083x 10 mm?/NOOOOOO
000000000000 [34000000000000000000000000
00 7542x10°mm?/NOOOOODODO0OODOO0ODOO0O0O00O000O000000



060 DOOOOODODOO

89

6.24 00O

goboboooobobboooobbtboooobbboooobbboooobboboo
ggobobbooooboboooobobbouooobobobuooooboboooubooboa
ggoboboooobbboooobbboooobobbuooooooboo

OO0 pPVOODOOODO30000O0O0DO0ODOODOOODOOODODDOODOOD
ggobbboooobobobooobobboooobobbuoooobbooouobboa
ggoboboboogoboboooobobbooooboboooobobooooobooboa
O00000OFge6.1200000000000000000DO0ODO yODOODOODOO
goobobobobobbooooobbbodoooooobbboooouxbooog
ggobobobooooboboooobobbooooboboboooobobooouobooboa
00000 zODOOODOOOODOOOOOOOOFRg6.13000000000 xO0O
goobbboooobbbooobbbooobbbuoooobbboooubboo
ggobobobooooboboooobobboooobobobuoooobboooobooboa
oooobooooooOobOoboboOooobooobooooboooOooD 3goooDn
ggobbboooobbtbooobobbuooobobbuoooobbboooubboo
ggobobboooobobooobobboooobobbuoooobboooobboa
gooo
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Fig.6.14 Acceleration at the heel of tongue rail (Analysis).
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Fig.6.15 Acceleration at the hook of front rod (Analysis).
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Fig.6.16 Acceleration at the hook of front rod (Analysis till 0.03s).
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Fig.6.17 Axial force of the front rod (Analysis).
Axial force of the front rod
4000
——Field1
3000, — ~Field2
—Analysis
2000f
1000 20
— Y SN A ’ N
Z LA T 7 ALY Jid N
(] 0 /L / = N N
o T 7 < TR 77 <
5 / AN W
L= -1000| i XIS
\ | VT
-2000, W
Lo
-3000{ \
-4000
0 0003 0006 0009 0012 0015 0018 0021 0024 0027 0.03

Time [s]

Fig.6.18 Axial force of the front rod (Analysis till 0.03s).
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Fig.6.19 Axial force of the front rod calculated by different method
(Analysis).
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Fig.6.20 Contact pressure at the beating (Analysis).
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Fig.6.21 Sliding velocity at the beating (Analysis).
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Fig.6.23 PV integral of the bearing (Analysis).
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Table6.3 PV integral (Analysis).

Degree [° ] || Front [N/mm] | Middle [N/mm] | Rear [N/mm]
0 1.661 0.578 0.217
15 1.873 0.850 0.236
30 2.199 1.345 0.415
45 2.606 1.947 0.768
60 3.045 2.517 1.188
75 3.447 2.924 1.494
90 3.729 3.129 1.610
105 3.780 2.884 1.506
120 3.573 2.683 1.199
135 3.194 2.119 0.797
150 2.783 1.436 0.471
165 2.351 0.808 0.364
180 2.169 0.813 0.531
195 2.335 1.512 0.967
210 2.679 2.339 1.534
225 3.037 2.980 2.003
240 3.263 3.341 2.272
255 3.296 3.429 2.313
270 3.182 3.304 2.182
285 3.005 3.060 1.959
300 2.689 2.631 1.615
315 2.249 2.019 1.172
330 1.811 1.306 0.722
345 1.597 0.726 0.369
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Fig.6.24 Wear tendency of the bearing (Analysis).
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Fig.6.25 Normalized axial force and contact pressure (Analysis).
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Fig.6.26 Axial force of the front rod with the modeled bolts(Analysis).
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Fig.6.27 Relationship between maximum of impact load and max-
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Fig.6.28 Wear tendency of the bearing Fig.6.29 Wear tendency of the bearing
(60N, Analysis). (100N, Analysis).
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Fig.6.30 Wear tendency of the bearing Fig.6.31 Wear tendency of the bearing
(150N, Analysis). (200N, Analysis).
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Fig.6.32 Wear tendency of the bearing Fig.6.33 Wear tendency of the bearing
(300N, Analysis). (350N, Analysis).
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Maximum of impact force - PV integral (90° )
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Fig.6.34 Relationship between maximum of impact load
and PV integral (90deg, Analysis).
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Fig.6.35 Relationship between maximum of impact load
and PV integral (270deg, Analysis).
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Fig.6.36 Wear tendency of the bearing Fig.6.37 Wear tendency of the bearing
(Gap 0.05mm, Analysis). (Gap 0.1mm, Analysis).
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Fig.6.38 Wear tendency of the bearing Fig.6.39 Wear tendency of the bearing
(Gap 0.2mm, Analysis). (Gap 0.3mm, Analysis).
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Fig.6.40 Wear tendency of the bearing Fig.6.41 Wear tendency of the bearing
(Gap 0.4mm, Analysis). (Gap 0.49mm, Analysis).
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Fig.6.42 Axial force of the front rod at the both hooks (Gap
0.05mm, Analysis).
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Axial force of the front rod (Gap 0.4mm)
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Fig.6.43  Axial force of the front rod at the both hooks (Gap 0.4mm,
Analysis).
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Fig.6.44 PV of the bearing at 225deg (Gap 0.4mm, Analysis).
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Fig.6.45 Wear tendency of the bearing
(Step0, Analysis).
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Fig.6.47 Wear tendency of the bearing
(Step3, Analysis).
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Fig.6.46 Wear amount of the bearing
(Step0, Analysis).
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Fig.6.48 Wear amount of the bearing
(Step3, Analysis).
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Fig.6.49 Wear tendency of the bearing
(Step6, Analysis).
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Fig.6.51 Wear tendency of the bearing
(Step9, Analysis).
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Fig.6.53 Wear tendency of the bearing
(Step12, Analysis).
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Fig.6.50 Wear amount of the bearing
(Step6, Analysis).
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Fig.6.52 Wear amount of the bearing
(Step9, Analysis).
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Fig.6.54 Wear amount of the bearing
(Step12, Analysis).
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PV mtegra‘\r(Step 15) Wear amount (Step 15)
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Fig.6.55 Wear tendency of the bearing Fig.6.56 Wear amount of the bearing
(Stepl5, Analysis). (Stepl15, Analysis).
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Table6.4 Maximum of PV integral and wear amount.

pvoOoOOd ooooo
ooo O [N/mm)] ooad O [mm]

Step

0 105° OO 3.780 105° OO 0.0378
3 255° 00O 3.420 255° 00O 0.1372
6 270° 00O 2415 255° 00O 0.2089
9 210° OO 2.907 255° 00O 0.2689
12 210° OO 2.218 225° 00O 0.3269
15 210° OO 1.939 210° OO 0.3819
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6.5 U0O0O0OOO
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Table6.5 The number of train and axle passing the crossing.
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O0000O00o0O0ooOOobob0opvOOOO0OODOODOOOODOOOO Table6.6 O

aoo

Table6.6 Result of wear prediction (Linear wear and same axle).

0ood 90° OO 270° 00 105° OO
PV OO0 [N/mm] 3.129 3.304 3.780
10000000 [mm] 2.360 x1078 | 2.492 x1078 | 2.851 x1078
10000000 [mm] 2.389 x107° | 2.522 x107° | 2.885 107
Oo0O00o0oooo gl 20933 19826 17332
0Do0O0o00ooo (o] 57 54 47
000 9% 000000 [O] 72 68 59
000 9% 000000 [0] 48 45 40
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Table6.7 The number of each axle.

gaoo oo |og | od
o0 1oo00oogoon 21 7 4
1g0o00bo 1000 22 6 3
1000Ogoo 2000 22 6 3
1000goo 3000 21 8 5
100000 4000 21 8 5
1000oooooon 86 28 16
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OO0 pPVODOODOOODOODODOOODOODODOOODOODO Table6.8O0 00O

Table6.8 PV scaling of each axle.

oooo 1 2 3 4

oooooo 0.6682 | 0.4988 | 1.000 | 0.5618
OOoooooooo || 0.5843 | 0.4722 | 1.000 | 0.5781
PV O 0.3904 | 0.2355 | 1.000 | 0.3248
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Table6.9 Result of wear prediction (Linear wear and different axle).

ooood 90° OO 270° 00O 105° OO
PVIODODO [N/mm] 3.129 3.304 3.780
10000000 [mm] 1.183 x107> | 1.249 x107> | 1.423 x107>
ooooooobooo o] 42266 40030 34995
gooooooboo o] 116 110 96
000 9%% 000000 [O] 145 137 120
O009%% 000000 [O] 96 91 80

6.5.3 D000 0O0O0OODOOOOOOOO

6420 00000000DL0O0O0O0ODOO0OODUODOOODOODOODODOO
gooboboooobobboooobboooobboooobobooguoboboo
o0O00DO00DbO0o0DbOoobDOooObOoOoDbDOoon 9e
oooobooboopviboobooboobOobobOobDbOobDbOoOobOoOoDO
09° 00000270 000 PVOOODOOOD PVOODOODOOOOODOODO

O Table6.10 00 0O

ooogo 270°

Table6.10 PV integral according to maximum of impact load.

goood

000 PVOOO PVOOO 00 PVOODO
000 [kN] || 90° OO [N/mm] | 270° OO [N/mm] | 0OCO | O [N/mm]
60 0.1216 0.5857 255° 00 | 0.5979
100 0.3495 0.8840 255° 00 | 0.9029
150 0.9601 1.490 255° 00 1.548
200 1.992 2.288 255° 00 2.415
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Wear prediction concerning maximum of impact load
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Fig.6.57 Result of wear prediction as function of maximum of im-
pact load (Linear wear and differnent axle).
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Table6.11 Result of wear prediction (According to wear progress and different axle).
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TableA.1 tdeciding significant difference between 3rd axle and other axles of wave maximum.
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Fig.B.1 The position vector and sensing point of bearing.
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Fig.B.2 Resolution of a vector on the bearing.
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PV integral (Step 0)
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—Initial radiuss ~—Front —=Middle —Rear

Fig.C.1 Wear tendency of the bearing
(Step0, Analysis).

PV IntegraL(Step 1)
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Fig.C.3 Wear tendency of the bearing
(Stepl, Analysis).

Wear amount (Step 0)
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Fig.C.2 Wear amount of the bearing
(Step0, Analysis).

Wear mount (Step 1)

a
2 [mm]
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Fig.C.4 Wear amount of the bearing
(Stepl, Analysis).



00 C booboooooog

131

PV mtegra!r(Step 2)
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Fig.C.5 Wear tendency of the bearing
(Step2, Analysis).
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Fig.C.7 Wear tendency of the bearing
(Step3, Analysis).
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Fig.C.9 Wear tendency of the bearing
(Step4, Analysis).

Wear amount (Step 2)
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Fig.C.6 Wear amount of the bearing
(Step2, Analysis).

Wear amount (Step 3)
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Fig.C.8 Wear amount of the bearing
(Step3, Analysis).

Wear amojgnt (Step 4)
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Fig.C.10 Wear amount of the bearing
(Step4, Analysis).
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PV integral (Step 5)
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Fig.C.11 Wear tendency of the bearing
(Step5, Analysis).

PV IntegraJIS(Step 6)
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Fig.C.12 Wear amount of the bearing
(Step5, Analysis).
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Fig.C.13 Wear tendency of the bearing
(Step6, Analysis).

PV Integra[ﬁ(Step 7)
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Fig.C.14 Wear amount of the bearing
(Step6, Analysis).

Wear amojgnt (Step 7)
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Fig.C.15 Wear tendency of the bearing
(Step7, Analysis).
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Fig.C.16 Wear amount of the bearing
(Step7, Analysis).
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PV mtegra!r(Step 8)
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Fig.C.17 Wear tendency of the bearing
(Step8, Analysis).

PV IntegraJIS(Step 9)

2 [mm]

35
—Initial radiuss ~—Front —=Middle —Rear

Fig.C.19 Wear tendency of the bearing
(Step9, Analysis).

PV integral (Step 10)
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Fig.C.21 Wear tendency of the bearing
(Step10, Analysis).

Wear amount (Step 8)
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Fig.C.18 Wear amount of the bearing
(Step8, Analysis).

Wear amount (Step 9)

z [mm]

35
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Fig.C.20 Wear amount of the bearing
(Step9, Analysis).

Wear amount (Step 10)
i

z[
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Fig.C.22 Wear amount of the bearing
(Step10, Analysis).
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PV mtegra!r(Step 11)

z [mm]

35
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Fig.C.23 Wear tendency of the bearing
(Stepl1, Analysis).

PV IntegraJIS(Step 12)
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Fig.C.25 Wear tendency of the bearing
(Step12, Analysis).

PV integral (Step 13)
z[mm]7 *
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Fig.C.24 Wear amount of the bearing
(Stepl1, Analysis).
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Fig.C.26 Wear amount of the bearing
(Step12, Analysis).

Wear amount (Step 13)
i
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Fig.C.27 Wear tendency of the bearing
(Step13, Analysis).

-35
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Fig.C.28 Wear amount of the bearing
(Step13, Analysis).
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PV IntegraJ]S(Step 14)

2 [mm]

35
—Initial radiuss ~—Front —=Middle —Rear

Fig.C.29 Wear tendency of the bearing
(Step14, Analysis).

PV integral (Step 15)
z[mm] 7} >°
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Fig.C.31 Wear tendency of the bearing
(Stepl15, Analysis).

Wear amount (Step 14)

z [mm]
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—lInitial radiuss ~Front =Middle —Rear

Fig.C.30 Wear amount of the bearing
(Step14, Analysis).

Wear amount (Step 15)
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Fig.C.32 Wear amount of the bearing
(Stepl15, Analysis).
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