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Fig. 7 Layout of the roller chain [m]

Table 1 Specification of the conveyer chain

Note Definition Value and unit
11 kW
HP Motor power (Base)* / (Maximum)
/ 18 kW
T2 Chain tension (2 strands) 63.8 kN
H Horizontal distance of conveyor 38.40 m
Dc Vertical distance of conveyor 18.58 m
Vi Transfer speed 10 m/min
n Mechanical transmission efficiency 0.8
— Number of chain line 2
Wi Per chain mass 14 kg/m
W, Apron mass 68 kg/m
W3=2W+W, Total mass 0.94 kN/m
U1 Friction coefficient between the chain and the guide rail 0.18

18

* Tt 1s used here
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Table 2 Roller chain dimensions and mesh size [mm)]

Items Outer plate  Inner plate  Pin Bush Roller
Diameter Inner 15.8 22.55 15.8 16.30 23.35
Diameter Outer 15.8 22.55 15.8 22.55 65
Length 153 153 33.6 25.6 16
Width 44.5 44.5 — — —
Thickness 8.0 8.0 — — —
Mesh size 0.9~5.2 1.3~5.2 0.3~0.9 09~1.3 1.3~3.7

Table 3 Material properties of roller chain for FEM analysis

Items Plate Pin Bush Roller
SS640
Material (JIS) (Company standard) SCM435 SCM435  S45C
Young’s modulus E [GPa] 206 206 206 206
Poisson’s ratio v 0.3 0.3 0.3 0.3
Yield stress o, [MPa] 970 1080 1390 780
Tensile strength g [MPa] 1100 1180 1666 1012
Fatigue limit o,,, [MPa] 440 472 666.4 404.8
Friction coefficient pu 0.3 0.3 0.3 0.3

3% Fatigue limit o, is defined as o,,0/05=0.4[92].
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Sprocket-engaging state Tensile state

Pin
Outer plate
Inner plate —
Bush

Roller

Sprocket rotation
direction

(a) Roller chain drive system

(c) Tensile state (state@))

<= T,/2-19.15kN

(d) Sprocket-engaging state (state(3)

Fig. 8 Schematic illustration of the roller chain drive system and the

FEM model and boundary conditions for roller chain system
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Original crack

|10mm

(a-1) Broken inner plate at (a-2) Broken inner plate at tensile direction
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Second crack

Original crack

perpendicular to tensile

Cutting plane

Center Fracture Origin

Edge

Forced fracture surface H
Fracture surface 10mm

(b-1) Broken bush (b-2) Broken bush

Original crack — %
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(c) Pin broken at step corner

Fig. 9 Examples of the broken parts of the roller chain
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-1923 (a) Press-fitting state
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(c) Engaging state

Fig. 10 Stress distribution oy for the bush [MPa]
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Table 4 Maximum stress 0g g, and minimum stress 0Oy ;in, MeaN

stress dy,, and stress amplitude oy, for the bush [MPa]

Position 09 max 09 min O m 09 a4 SF
(1) 638 15 327 312 1.45
(2) 343 14 179 165 2.73
3) -1293 -1923 -1608 315 -
4) -1207 -1499 -1353 146 -
(5) -830 -1267 -1049 219 -

1500
)

1000

SF=0S'/05=1.45

Stress amplitude o , [MPa]

0,/0=666.4MPa —> /
500 | 500 1
3 [Pa
(° ) (5) (1
4)e d
. 140> / -
0 7
O

0 1 A 1 A L A
-2000-1500-1000 -500 0 500 1000 1500
Mean stress gg,,, [MPa]

Fig. 11 Fatigue limit diagram for the bush [MPa]
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(a) Bush deformation (b) A-A cross section deformation

[50 times enlarged in the r-direction] [50 times enlarged in the r-direction]

-200 |

og at z=2.4 in Fig. 12(a) [MPa]

-400 |

T S S

-600 L

90 180
6 in Fig. 12(b) []

(e

(c) og atinner surface in Fig. 12(b)

Fig. 12 Bush deformation and oy at inner surface

30



2.4.2 N7 L— L DIESfRITRER

131N L— MZAELBIE5AAE R L, 13(a), (b), ()IBFBEAEI I
FAISIIREEZ R L= b D TH D, W L— MIEA ST RJELER S D5 3R )
MRKEL, BRPTHF =—UBlEHMEZOEMATINIE VS BIER > TN D.

ZIZTH, EARIE, TV anRE L REDE 2@, @, OIZESWTHED T,
@DEMT, HFREO~BTENENREKRSRIGNOREZERA (1), (2), (3)
&Lz, WIS, OOFRMLT, IWHIRIENPRREWRZERA @), 5) L. i
HOBEATEFIZOIC S KT 5. RS ITMABRBKICHWDIS1Z7RL, B 14125
DORICEER LT L— FOMARRK Z 777, K 14 THZ L— F DIk iEI
LB AR <, Z O CTRIBET NS A0 = 62155 5 48 (1) 2MERukic
&% . GlRITIA & AFIEFR CHm o yGac i RIS A T D 2 & 2 BRI 57201213,

FETOHAEAZET S, ZOAIZHOWNTIE, 2.5 5Tl b.

31



) o =931

0'9 max

(4) |e=6° — 598

o.Gma,\'

(a) Press-fitting state
931 6, olo-00- = 663 6P lo=cor = 862
835
738
642
546
450
353
257 ¢

4
161 _. v - [ Wl o, le-s- = 177

3
-32 O minlo=154° = 637
(b) Tensile state

5
O minlo=90° = 346 o

09 minl0=60° = 647

3)

m

o

axle=154> = 808

(c) Engaging state

Fig. 13  Stress distribution oy for the inner plate [MPa]
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Table 5 Maximum stress 0y ;,q, and minimum stress g ,in, Mean

stress gy ., and stress amplitude oy, for the inner plate [MPa]

Position 06 max 09 min 09 m 09 a SF
(1) 931 620 776 156 0.94
(2) 862 647 755 108 1.10
3) 808 637 723 86 1.16
4) 598 177 388 211 1.23
(5) 663 346 505 159 1.19
500 . . .
Owo=440MPa

'§' 400

S 300

)

Q

.=

= A

TE:. 200 . SF=0S5"/05=0.94

; VIPa

g 100 -

R

0 200 400 600 800 1000 1200 O
Mean stress gg,, [MPa]

Fig. 14 Fatigue limit diagram for the inner plate [MPa]
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Fig. 15 Stress distribution gy for the outer plate [MPa]
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Table 6 Maximum stress 0g g, and minimum stress gy i, Mean

stress dg,, and stress amplitude oy, for the outer plate [MPa]

Position 09 max 09 min 09 m 09 a SF
(1) 792 443 617 175 1.06
() 688 639 664 25 1.52
3) 701 658 680 22 1.50
4) 717 568 643 75 1.28
(5) 627 458 543 85 1.44
500 ' , . : ,
"
o
&— 0,,0=440MPa < /

'&?400

> )

=300

2 (1)

=

2200 Y SF=0S'/05=1.06

= VIP3

w2

© 100 |

% "1 ® .(4)

PN )
(2)e(3)

V

0 200 400 600 800 1000 12000
Mean stress gg,, [MPa]

Fig. 16 Fatigue limit diagram for the outer plate [MPa]
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(d) Disk fitted under tensile

(c) Disk fitted without load
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Fig. 17 Stress estimation by 2D models [MPa]
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Table 7 Maximum stress 0g g, and minimum stress Gy pin, Mean stress

0 m and stress amplitude gy, in Fig. 17 [MPa]

Model Position | 0gmax O9min  Oom  Oba SF

2D holed plate model (1) 233 0 117 117 2.70

(1) 799 763 781 18 1.31
2D disk fitting plate model (2) 733 698 716 18 1.44

3) |733 675 704 29 1.43

- | ——
Gwo=440MPa ~ | o
T H 4
= 400 | Holed plate model 1
e
S 300 a ]
E [ SF=2.70/ 2 ©3) 1
'—:EZ— 200 [ \I/ Disk fitted model_: SF=0S'/05=2.70
5 L v/ 05=1100NIPa
Z 1000 *# ‘

0 200 400 600 800 1000 12000
Mean stress g, [MPa]

Fig. 18 Fatigue limit diagram for 2D plate [MPal]
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€op max

(a) Press-fitting state
Eap min

(b) Tensile state

(D
tep max

(c) Engaging state

Fig. 19  Plastic region of the bush (0yjeiq = 1390 MPa M : Plastic region)
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(a) Press-fitting state

(b) Tensile state

(c) Engaging state

Fig. 20 Plastic region of the inner plate

(Oyietlqa = 970 MPa W : Plastic region)
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(1)

€ .
(a) Press-fitting state Bp min

(1)

2
(b) Tensile state fp max

(c) Engaging state

Fig. 21 Plastic region of the outer plate

(Oyiela = 970 MPa M : Plastic region)
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Table 8 Strains of three kinds, maximum plastic strain &gy, 145, Minimum
plastic strain &gy, min, and plastic strain amplitude Aégg,, in the

three components, and comparing with the evaluation by stresses

Plastic Strain [%] Stress [MPa]
Component
€6p max €op min Ag@p AEQP/O.S Ogm O0ga SF
Bush 0 -0.0313 0.0313 0.062 327 312 1.45

Inner plate 0.0146 0.0002 0.014 0.028 776 156 0.94
Outer plate 0.567 0.559 0.008 0.016 617 175 1.06
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W=44.5 h=7.9

B Pn

Press fitted

=230

Outer plate

I

60 60

e 176

D=15.8

Front view Side view

(a) Fatigue test pieces

Un
Outer plate

—

—

—
—>
—
—

Ptetettts

A=(W-d)h
(b) Definition for nominal stress o,

Fig. 22 Tllustration of the pin and the Outer plate [mm]
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Table 9 Specification of the roller chain

Yield Tensile Fatigue

Young’s ) o Friction
) Poisson’s stress strength  limit ) Hardness
Items | Material modulus ) coefficient
ratio v ay Op Owo [HRC]
E [GPa] 7
[MPa] [MPa] [MPa]
SS640
Outer
lat (Company 206 0.3 970 1100 440 0.3 34.6
ate
P standard)
Pin | SCM435 206 0.3 1080 1180 472 0.3 42.2
%% Fatigue limit o,,, is defined as 0,,9/05=0.4[92].
Table 10 Chemical composition and microstructure of the plate
Chemical composition [%] Microstructure
C 0.28
Si 0.26
Mn 1.41
P 0.015
S 0.012
Cr 0.17
Mo 0.02
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Outer plate )
Quenching Shot Machining
Flat-b = =
it and blasting of hole
tempering
Press fitting .
Fatigue
Assembled Outer plate and Pin [~
test pieces . . test
with lubricant
Pin
Quenching
Lathe Grinding of
| and
turning . outer diameter
tempering
Fig. 23 Test pieces preparation procedure
Table 11  Press fitting ratio for the outer plate and the pin
D [mm] d [mm] 6=D-d[mm] 5/D [x107]
15.8 15.80 0.00 0
15.8 15.76 0.04 2.5
15.8 15.72 0.08 5.1
15.8 15.65 0.15 9.5

52



3.2.2 EFHABRBEOMH & RBRITIE

0—7F = — T, BETF 7L — MIGIRDPEV IR UL D780, JE55mE

OFHMIZ, BIEY — 53R Y O F iR 77 B4 Az, X 24 ISR A L O
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WDN, IEICHE T S L 28MPa TH Y, BH T 5.

FR LA B (F = Fopin~Fnax)lE, /M B Fppin=3kN (AR )0y min=13MPa) |
EE L, BRAEEq=25~80kN (ARSI max=110~352MPa) @ 9 /K TR %
1To7=. T7bb, JEJTHR = 64 min/Onmax)lE R=0.037~0.12 THz N5, 72
B, WPER IR RMEIC K 5T 10H2 [CEE L, 57 HRE LRI LIEN~=107 5]
TR L7z, F7o, EHRBIL MO EAEFHIIL, KW EREFONE D 5
10mm 23N T 5L, TL— PR LIcb D LR L, BBRBMFIET 5 K9
ICREL TS, 22T, B—7F x2—rDORFHIBIT ARSI 22(0)1275R
TEOIBIEEZ T AMALEET 57 L — FOE/NEIIC T 5 ) To, =
F/IATHD. ZZT, /A= (W —d)hTH Y, WIIF7 L — MklE, hidsh

TL— MRETHD
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Front view

MI12

Assembled test pieces

7.9

190

170

Side view

Fasten by M12 nut

e

108
Grip

Fig. 24  Grip of fatigue test pieces [mm]
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3.2.3 JRGFREE L AEER

F 12 1R OMEREZEAR T LICEH L CORT. 22T, 0,0320,=(0n max —
Opmin)2 TEONDIEIIEE,  Opmars Onmin TAFRIE 0, TROHN DI TH
5. FTZ, 637 L — MIEEEROAEZRT. JEARPRINE, BEE TOM
EULEBOIEL2ENKREL 2D, K25 ICENENDOEARTOD SN HifRz/R~T.
S-N #7225 6/D=0 DFGE TITHEITIREENK 50MPa, 6/D00 TILIE 57 FREE 3K
130MPa &9 2 f5 2L EIZ72 0, R AN T TRIE DA EIWRTH D Z N0 5.
—7Ji, 6/D=2.5x10°~9.5x10" TI%, EARDEI L HHRITRE DK E 72721354

S, ZOFHIZHOWTIE, REITESRTS.
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Table 12 Reference number and number of cycle for the outer plate

/D [x107] | Specimen number o, [MPa] Number of cycle Ny [x10°] 6 [deg]
9.5-1 170 2.52 110
9.5-2 148 4.60 100
9.5-3 148 1.63 80
9.5-4 148 5.43 80
9.5 9.5-5 148 5.28 120
' 9.5-6 137 1.78 115
9.5-7 137 10 (Not broken) -
9.5-8 137 10 (Not broken) -
9.5-9 126 10 (Not broken) -
9.5-10 104 10 (Not broken) -
5.1-1 170 0.58 120
5.1-2 148 3.96 120
5.1-3 148 0.71 100
5.1-4 148 0.16 115
51 5.1-5 148 0.28 115
' 5.1-6 137 0.71 120
5.1-7 137 1.19 95
5.1-8 137 2.33 120
5.1-9 126 10 (Not broken) -
5.1-10 104 10 (Not broken) -
2.5-1 148 0.21 120
2.5-2 148 0.30 110
2.5-3 137 0.24 100
2.5 2.5-4 137 0.14 110
2.5-5 137 0.25 120
2.5-6 137 0.44 90
2.5-7 126 10 (Not broken) -
0-1 126 0.12 90
0-2 104 0.38 95
0-3 104 0.16 90
0-4 82 0.39 95
0 0-5 82 0.45 100
0-6 71 0.50 95
0-7 60 1.34 95
0-8 60 1.40 85
0-9 49 10 (Not broken) -
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Stress amplitude o, [MPa]

200 rrTT T T LR T T U |
i 5/0_51><1o- 95><103
I Fatigue
150 P limit oy,
: .T 1135
PR 1125
" 1125
| @k O o— |
100~ R 2. 5 x 1073 'u
- 5/D =0 \\ ]
L @\\
r F O \\\
On = o7 .
L w 611:)/1 @\
50 - Onmin = m = 13 MPa [ _@_______}_____ 50
Q:/ O mi Onmax — Onmin //iJ
~ R=—""1=0037~012 %= 5 I
Gnmax
O 1 IIII 1 1 1 1 1 |||| 1 1 1 1 1 |||| 1 1 1 1 11 |||
10* 10° 10° 107

Number of cycles Ny

Fig. 25 S-N diagram for test pieces in Fig. 22

% Maximum load condition F,, used for analysis in Fig. 27
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7 L— NORBER S EFEMIEBE G- bDEEZD. o T, EVDOEHD
WEEARD 7 N —T TR LN LEDIT 5D XL, AR FrE TEan
TV T 4 T ERN, BEART V—T DI & FORGIREICHEE 52721
DEEESND.
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Table 13 Cracked pin ratio depending on §/D

5/D Number of pins ) .
[x103]  |Investigated| Cracked Cracked pin ratio
9.5 16 14 (6™) 88%
5.1 14 6 43%
2.5 12 0 0%
0 8 0 0%

6 =180°

"‘T,'@ .

Plate Width

Plate Width

-
A i LT
\,
\\
e
-,

- -
- -
-

Pin

e 270°

¢Plate is not broken.

1

0° Outer plate

W

(a) Sketch of cracked pin [mm)]

8.3 mm (60°)‘.‘

120° 150° 180°

Plate Width
7.9 mm

6.2 mm (45°)

210° 240°

(b) Crack of pin surface
Fig. 26 Crack observed at pin surface when &§/D=9.5x 10" and On max—2065MPa
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oFEM—13MPa

min

oFEM=286MPa

60mm

SN N NN N AN N AN

7 7 77 VA A A e

Fig. 27 FEM model and boundary conditions
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3.3.2 fENTIC K BOREEREME

A 2.3 128 WT, F=— U OEEEORIENGJE I I 10237 L— ks DI T7H
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Table 14

Maximum stress g g, and minimum stress g i, Mean

stress gy, and stress amplitude gy, for the outer plate at
6=90° and z=0 [MPa]

6/D3 09 shirink 09 min at 09 max at o o
[x107] at F=0 F = Fp, F = E,q, &m ba
0 0 34 608 321 287
2.5 281 288 470 379 91
500 I I I I I I I I I I I I I I I I I I

[ | | | | | ]

b SF=0S708 -

400 — —

< L _

Q-‘ = —

2 i S i

< I i

S 300 — §/mp=0 —

. I [ i

E " SF=1.06 / i

= I / ]

£ 200 .

% i ]

% [ ) _

100 = ®25x10°2 -

-/ 7 sF=181 1

0 zl/\,’/\ | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | ]

0 200 400 600 00 1000 1200

Mean stress oy, [MPa]

Fig. 28 Fatigue limit diagram for the outer plate

Table 15 ¢, and SF by varying &/D

8/D [x107] 0 25 51 95
o, [MPa]in Fig.25 | 50 125 125 135
SF in Fig. 28 1.06 181 - .
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W=44.5

h=7.9
Pin -
Bush
Dp=22.7 2
Bush ﬁ ?
— Inner plate =
e
$ Inner 3
— | plate s Dp=16.3
- 60 60

| o . . .
6=0 Side view at cross section u-u
ku

Front view

Fig. 29 [Illustration of fatigue test pieces [mm)]
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Inner plate .
Quenching | Shot Machining
Flat-bar |= =
aoat and blasting of hole
tempering
Press fitting .
Assembled Fatigue
- Inner plate and Bush [
test pieces test
with lubricant
Bush
Quenching
Lathe Grinding of
| and =~
turning . outer diameter
tempering
Pin Assembled ‘
Quenching Shot test pieces Insert Pin
0
Lathe | and | . Into Bush
turning tempering blasting Inner diameter

Fig. 30 Test pieces preparation procedure
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Table 16 Specification of the roller chain

Yield Tensile Fatigue o
Young’s ) o Friction
] Poisson’s stress strength  limit ) Hardness
Items | Material modulus ) coefficient (HRC]
ratio v o o o
E [GPa] Y 5 o u
[MPa] [MPa] [MPa]
SS640
Inner
(Company 206 0.3 970 1100 440 0.3 34.6
plate
standard)
Bush | SCM435 206 0.3 1390 1666 666.4 0.3 48.4
Pin | SCM435 206 0.3 1080 1180 472 0.3 42.2

% Fatigue limit 6,y is defined as 0,,9/05=0.4[92].

Table 17 Press fitting ratio for the inner plate and the bush

Dg [mm] d; [mm)] 6=Dg-d; [mm] 5/Dg [x107]
22.7 22.70 0.00 0
22.7 22.66 0.04 1.8
22.7 22.55 0.15 6.6
22.7 22.45 0.25 11.0
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/L; Inner plate
-
" Press-fitted ogyink

a HT

=
~T—
]
With Bush

(a) Stress state for press-fitted only

Umax
O-n

-«— —
-«— A —
«— = ~ —

-
«— —

o «— Dar T O F=0,A

-« —
— =g ¢ —| A=(W-Dpdh
-«— —
«— I\ —
-« < —

(b) Stress state for load F with press-fitted for the inner plate

Fig. 31 Definition for nominal stress o, [mml]

73



4.2.3 EARBOEFIRE

F 18 I FHROFERZEART L IZEH L CORT. 22T, 04030,=(0n max —
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X220 HL5b0D, FEEARLID L LAKTT LG AL,
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LD, 7V aDEANfE-> TAEUTZEBDbR D5 sBEENRA LN, K33I12Z2D
—flERT. ZOFSWEENREE L L AL DMER S BIE I, EAIIR
JEPILAHTIC R Z . Z OIEAEIE, JEARFOIMy ONES, NAN7IVEERE
IZE o T, BEIZIEGDENAEL D Z LIFHBEHT bR, 2O Z &8, lrE ToM
BLBOIELSETORRIZRST-bDEMESIND. ok, BEBREZEO T ¥ 24 MEIZIT
AN LR EIN, BESNT T Ly T 4 T EHERRECE 5 Z L0k

Rz,
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Table 18 Reference number and number of cycles for the inner plate

6/Ds Specimen o, Number of cycles
] Hf [deg]
[x1073] Number [MPal] Ny [x106€]
11.0-1 173 2.98 80
11.0-2 173 0.58 90
11.0-3 173 0.71 90
11.0-4 150 0.37 100
11.0-5 150 10 (Not broken) -
110 11.0-6 150 10 (Not broken) -
' 11.0-7 139 3.88 90
11.0-8 139 1.16 105
11.0-9 139 10 (Not broken) -
11.0-10 128 10 (Not broken)
11.0-11 96 10 (Not broken)
11.0-12 96 10 (Not broken) -
6.6-1 173 0.57 90
6.6-2 173 0.20 106
6.6-3 173 0.46 90
6.6-4 150 10 (Not broken) -
6.6 6.6-5 150 10 (Not broken)
) 6.6-6 150 10 (Not broken)
6.6-7 139 10 (Not broken)
6.6-8 139 10 (Not broken)
6.6-9 117 10 (Not broken)
6.6-10 96 10 (Not broken) -
1.8-1 139 0.22 98
1.8-2 139 0.21 90
1.8-3 139 0.22 110
1.8 1.8-4 128 0.51 90
1.8-5 128 0.62 100
1.8-6 96 10 (Not broken) -
1.8-7 96 10 (Not broken) -
0-1 96 1.07 80
0-2 96 0.43 82
0 0-3 72 0.60 95
0-4 72 5.07 93
0-5 47 10 (Not broken) -
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Stress amplitude o, [MPal

200

150

100

50

. 6/Dp=6.6x103

: 11.0x103 Fatigue
Limit o,

= 140

1130

B 95

S e

— ( - BI) G-é _____ - 45

L Foin _ i

| Onmin = —(W — DBI)h = 13 MPa |

E On min Onmax — Onmin 4

R ="M= 0036~012 o0, = —Rex_nmin
L On max 2 i
| I I ‘ | I I | ‘ | I I | ‘
104 105 106 107

Number of cycles N

Fig. 32 S-N diagram for test pieces in Fig. 29

% Maximum load condition F,,, used for analysis in Fig. 34
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Scratched inner surface Fractured surface

Press-fitting
direction of Bush

Estimated fracture origin 1 mm
«— >

Fig. 33 Damaged hole of the inner plate due to press-fitting
when 6/Dp=11.0x103 after testing
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4.3 FEMTRER & ARKIC X 2 3¢
4.3.1 RS

34 |2 3 kot FEM HEMATICH WA v v 2 BT VERT . ET MET L—
FEEOMBEEZEBEL 18 ETLELE. Ay vath A XIWNTL— KT
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Thn. Fiz, BEflim CIXESEMAREE AV, £ 16, X 29 12K L& 5k O
FIMEE S K OSHEZ W, B ~O A BILHR/ NG T1ohi =13MPa & F Kk /)
obEM=290MPa & L7z, ofEMIZFRERC D fr/IMaf EF i =3kN Z HZ2IZ L, ofEMIZ 32
D SN HHFROFER LV 6/De=6.6x107 DIEITRREEN G,  Fe KA B E,q,=65kN % HZ21Z
L7z, EARITRER & [FERIZ6/De=0, 1.8x10%, 6.6x107, 11.0x10° ¢ 4 F¥EH & L7z,
fEMTIZIE MSC. Marc 2012 FARRERMNT Y 7 U = 7 ZH\\ 72 6 Hfk 8 #im 7 A
VRXT A NY » I BT, SEERMNIC L o THBMEMIT 21T 5. FIISINE, 7=
ENT L— MR B X E7RRE T, TV 2 OERER RTINS E T

FEAZ T4 DHEREZ I L T 5.
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Pin

-
_—
—_—
ofEM=13MPa E——

— Inner plate
oFEM=202MPa

60mm

NN NN N\ NN N NN
Side view in Fig. 29

£

A

a

Al

A A
/ v S S S S

Fig. 34 FEM model and boundary conditions
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4.3.2 fEATIC & B OREE LA

AREIZBWT S, 7L— O ITTRERIZ BT 2 TG H0g \ZiER T 5. kR
DFER, EARORE SITL ST, BERERIZ0~90°1E (£ 18 M) THDHZ
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RIE=E T, HEKRKEARTIE, 7V a2DEANfE-STELEZEEDNSB o f x5
DRI, ZOENEKE TOMR LEDITOSXDREIZR>T-6D L BE S
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Table 19 Maximum stress og,,,,, and minimum stress 0gmin,
mean stress ogy,, and stress amplitude oy, for the

inner plate at 6=90° and z=0 [MPal

5/DB 09 min at 09 max at
-3 Gﬁm O-Qa SF
[XlO ] F= Fmin F= Fmax
0 44 889 466.5 492.5 0.72
1.8 156 917 536.5 380.5 0.74
6.6 483 910 696.5 213.5 0.89
11.0 725 865 795.0 70.0 1.13
500 I I I I I I ‘ I I I ‘ I I I ‘ I I I I I I
L 5/Dp=0 i
400 |- e |
— -3 ]
& I o 8107 sp o508
E |
s | i
S 300 ]
q-) = —
xe}
g 0 |
E i ® 6.6x103 1
§ 200~ Jgp—o72 —
< )
wn
Q
2 | i
w |- I’/ _
100 — 11.0x103 —
T SF=1.13 -
O z—‘r"'\’——\_’—‘—_ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | 1

0 200 400 600 800 1000 1200

Mean stress oy,, [MPal

Fig. 35 Fatigue limit diagram for the inner plate
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L L L L
Analyzed point at 8 =90° and z=0
400 + —41.2
i - 6=0° o |
= F 11.1
S 300 | ]
st sF 110 =
- .7 =
E /// N
= 200 - Rad
) -,
gﬁ @) '_0.9
© o ]
P~ I ]
100 10.8
i 40.7
O PN TN SN N R SN TR NN TR SN SN AN TN TR TN SN ST SN SN S N T
0 2 4 6 8 10 12

Press fitting ratio §/Dp [X1073]

Fig. 36 SF and og,, by varying 6/Dg =0, 1.8x103, 6.6x103, 11.0x103
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4.4 W7V —FOEFREOHT L — T & DB
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N7 L— NENENDORIRIE N %, MEEZZITHE ] & [ZnLSNOEM ) OfR
TER LT, BRI REZH AT - BET 5. W& OFEARIZET DI RE
ow &3 20, X 38 1TRT. 7pds, X 38 OMEHINIIILITIREEIZIN A, 2% £ TITR KA
HE, 5, b T. LEXY, N7 L— kAT L — N TR E e, 1L, JEAZRS/Ds, §/D
KO 12%URNT—ET 52 &Enbnd.

TR~ K D1, W-AT L —RMNIFE—1y FOMETH Y, MEIORIHRE
IFEIC E B2 L TR, AFRe e, GXE8) 1235 < X 38 DI - 447 L— R DR
o, D—EUE, 7L 235 8Rm A T R 2R WA SCHR[100] D AFRIE T 0y, (X(9))
T, A7 L — P OAFRISHREOIZAES b, REMTEMEDICRES D Z
EHERLTWD., WL — T vz R & B LTSRS T DE(8) 73,

N7 L— FOFRELEICHE L TWD I ENbnd
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Dp=Dp+2t

Bush o, o,
-«— /’ — 0 «— —

g «— \\OXOQ/X __: F = O'nA -«— 69@ __: F = o'nA
N OsA) « A=(W-Dpph *— @ A=(W-d)h
— % 71> DNy \ | ~(W-Dgph

Press-fitted for Bush

(a) Inner plate

Fig. 37 Definition for nominal stress o, [mm]

Pin

(b) Outer plate

Press-fitted for Pin

Table 20 g,, when the bush press-fitted into the inner plate and the pin

press-fitted into the outer plate

6/Dg, 6/D [><10'3] 0 1.8 2.5 5.1 6.6 9.5 11.0
oy, for the inner plate
R 45 95 --- --- 140 --- 130
in Fig. 32 [MPa]
o,, for the outer plate
50 --- 125 125 --- 135 ---

in Fig. 25 [MPa]
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[MPa]

F
(W—=bp)h

Fatigue limit ¢, based on o, =

Fig. 38 Comparison o,, between the inner plate and the outer plate

200

—
W
S

100

9]
(e

Press fitting ratio §/Dg, 6/D [X1073]
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| > 7
| Bush press-fitted i
| (Inner plate) |
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B Inner plate )
Pin press-fitted i
(Outer plate) |
_
Zw/v |
’ AF i
- - Outer plate
- T oW =Dk .
AF = (Epgy — Fin) at fatigue limit, F,,;, = 3 kN A
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4.5 K

KETIE, m—=FF=—rD7Lb—1D2L, 7VaZEATLINSL— oM
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HLZ (K38BM). ZOZ Lk, 7Y aDmMBEAHEZEETLIRQ)DAMHILIIOE

£, FTz—rOFL— b ORGHE, FHTHLZLZTRTHOTHS.

87



BSE F=—rovy, 7V AARERESNEERBIEORR
5.1 &S

B MGTERLER S 2 AT O B ESE & LT, RAVEESB RS TS n—
T7F = —U0F, BEEOEVEIEEBRER TH LD, —RICTF =—r DFmiT
Bl & DM O ZERA e FI A BRI, 1ZEAEDHE, Fo— ORI L > Tk
F£5. T=—rNAT7ary b ETHAEOE, M39ov L7y an3ffiL,
EUNE LTV aNEOBRENEITT 5. 2T = —r O %2 H726 L, B
WETTDHE, BN TFo—rNAT 0y MIEY EF2EOREAEHT-6T.
DD, Fx—VOMEEEZN ESEDZ LN, Fo—r A—FOEBE/RIRE
D—DL7le>TWVAH[4,572-82]. £Z T, AETIIR—FF = — 2 DEEFEIZHONT
BETD.

7—7 F = — OIREREOFMIL, WA AOF=— AT ary oM
Wie T = — U EREEFERBRIC KX DM B AR T 2 2 BV L, 20
FETIEEEOTF == 270y FEH0, BtV 7 OF 2= —Fh
RWEMTHLERS D, 2D ORI E KRB L TERLEL SNLDH%
DR L. ZO XS RBLEND, EHT LT = — v &7 LizRB O
HATOI TV D H3[101-103], FEE L DILERITR SN TE ST, MBREZ O B DFERE
WIS EIE & 720, BIROF = — LR D Z LD, FHIFEEICEREED S 1T
W5,

HIZ, IAETIIREROBI BN D, © T 2 v 750 EEiE 2 V2 F = —

VOB LEATHD[L5]. —#ilE LT, MEBYWNTHWSF = — %1%, &R

88



B TR T DMMEFEMEN RIS NS T2, BT I v 7 R-F = — OEMARED L
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Outer plate

Inner link

(a) Driving state in Fig. 42 (b) Driven state in Fig. 42

Pin *

| Press fitted position

@ Press fitted position for the bush (D) Press fitted position for the pin and
and the inner plate the outer plate

* Mechanical wear mainly occurs between pin and bush.

Fig. 39 Schematic illustration of the roller chain whose mechanical wear

between pin and bush causes elongation and final failure

90



5.2 ERF = — DB LI
5.2.1 F=—VOBEFEDZIVE TOFMESE

%] 39 1IAMINC WD B — T F = — AR S5 OFSL TRIEZ 7R T H D T,
BET OS5 1% T TERLTWD. AT L —hEeRNT L— R EFED FIZR
HAIZALAE DR CHAE ST b OREAEETH D . 4 v 7137 L— by
EZEALTHEALEZLOMK 39 0OO)EMEY, WY V7 IZHHAICEIRTE 51—
BIXDT v atNTL— MIEALTHEALIEZDBDOX 39 ODQ)EFES. Zivh
DIEANZ LY, FEEEZGSZENTED. Ve 7o a3l 0 s T2k L,
JENZZ T 7200 BBV IRL, ZOREICL VKM EIticy L7 am
BEFREDSHEAITT 5. X 40 IFBFEIC L DT = — U HODRTFARRTH D 2% % B2 -7
OILFEIE L Ip o 1o T = — L OB, B &7V o OEEFERILZ R, e A
Wi T = H AWRICEFEL, B OBEFEEIW, (X 40()2 M) 1328 M0 17%
IZEEL, 7Y 2 OFEFER S W (X 40(b)ZH) 137 2 2 IR DK 26%IZ# L TV 5.
FRIZIKI B 72 W RY,, B b7 v 2 OFFER S OGFHRWp + W) & F = — o DEEFE
Wi & I 58

ZD & BREROREBEZRAD2D, KALITRT L O, EYPF A ADOF =—
vERT Ry MW ET = — RGBT EDN B S [104]. Z 0BT ik
X, EEOFz—vxTulry NEHWDD, KbHEENZRFHMESETH Y,
LS TR DEEFRE A FHELTE TV 5. L, RBRo7wic, 47—, A7 L
—h B=F ¢V oltF -T2 THETARERHY, Fx—PA

AMRELRDITE, JaACRGEICERREN - TEREZEL, H¥HIC—» AR

91
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Wearing area
le—z

Wearing area

Load —>}
Wearing state of the pin at cross Wearing state of the bush at cross
section z-z section z-z
(a) Pin (b) Bush having stepped diameter

Fig. 40 Pin and bush whose wear amounts reach the use limit

Shaft with rotational resistance

Driving shaft

Tension

Motor

Sprocket

(a) Schematic illustration (b) Actual machine without rotation

Fig. 41 Conventional wear testing machine for the roller chain
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#HHE BIZoWTYH, i A LRETHD. LOBO'=0, L EFRT D &, 0=605=0,,
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PERT 2728, #iPH B TEEREL - BEFENEL 5.

Range A p LQAO'Z\HA:O Range B / OBO’ = 8.8
(A1) C\@\) Q/J SH (B1) B b 79
0] A ’
Bend anal 0 Bend angle
cend angle ‘ 0=60,=6,

t///-_\ \\ [z \'\\

(B 00—

Z/0BO'=6;=0 O B O

RangeA Range B

Range C

| i/\%Drlven state)
\ /<9A 00, Travel By 0 ?\

Fig. 42 Illustration for the range A, B, C, D, E, F, each of which has distinct

mechanical state in the roller chain
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Table 21  Variation of tensile load and bend angle

Range Tensile load Bend angle Wear
A T Changing as 6,=0—6, Appears
B T Changing as 85=60,—0 Appears
C T Fixed as 6,=0 Not appears
D T—0 Fixed as 6p,=0, Not appears
E 0 05 =0 Depending on the slack of the chain ~ Not appears
F 0—-T Fixed as 6r=6, Not appears

Table 22  Definition of position Aj, A,, B;, B, and 6, in range A, B

shown in Fig. 42

Ttems Definition
The chain starts engaging with the sprocket under tension in
Position A;
the driving side.
The chain is bent at angle 6, under tension in the driving
Position As

side.

Position B:

The chain starts to move away from the sprocket under tension in the

driven side.

Position Be

The chain is bent at angle 6, under tension in the driven side.

Angle 6,

2T

The angle specifies the interval of sprocket teeth as 8y = —

where Nt is the number of teeth in sprocket.

Nt ’
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FHEI D IZ[E#E T2 (K143(b-2) . AT 0y b OO RIE A 0, 53 BlHis L 7= i
T, EUOEERIEED (M43(0-3) . T2ROBUEENMAITIE, #AlfiE Pe=T O
JEREECTT ¥ 2 MEE S, EUMEENEE V CHIEG IET 2 H8 2 R~

F = — B, EEORT ey FERTLETLHE, BT adfiE
BRI O AR TIRIEICR 5720, Fx=—2 1AHZ0 1 {EEOFRIER & W
5. Lo, TOFEEL, BREMAIOX43()TIE, BrEETT anFEiL, it
BIO43(b) TIE, 7 = EE TV S EBI 2 MR BEEE# A2 LT 5. =

IWNTF =2 — DEEORANN=ALTHDH.
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(a-1) Position A (a-2) Position Ay’ (a-3) Position A»
(84=0) (64=6,/2) (84=60)

Position A1’ is located between Position A; and A»

(a) Sprocket driving state (Position A1 to Az)

(b-1) Position B (b-2) Position By’ (b-3) Position B>
(65=0,) (0p=00/2) (65=0)

Position B’ is located between Position B; and B>

(b) Sprocket driven state (Position B to B»)

Fig. 43 Load and sliding condition of the driving state and the driven state
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5.3 ErlT7 Vo OBREEEZEIRT RBBOMRE

5.3.1 BARABRBERFT S

F o— CEERERERBIL, b EENRAHESETH 20, F = —r OEERHOE
FHCERATEEBERANPLIEL SND. Fx— 0 FREFERBRE L 0 #5722 51T,
F o— VEIROBEESEM A WTREZR IR Y BBl &5 2 & T, F = — U FEREEFER B
& AR O FHAT 25 vl HE 70 iBREE (& D B3 23k 7, PHRERBIE O 2D & L.
Qv - 72 OEBEOBE 2 vRE/R R Y BT 5

@RBRIEE O WML E B, B/NROEEER &5

F = — U EEEREAR T, Fx—r A7 ur v FOREWEOIREIS, Fx—
> AT D ¥ D RLE NGRS, FEEAOTRMRAEFICXL Y, B RICITS
DENELRLTWV. TZTHEHOLY, VraE LhHEME 7y 22 E L
MmO 2 M OB 2 HNT, 7 L—K, WTL— T, B—JZ RS &
L. ZoZ T, giittomn b, sBRAREL-CMBORBITERZ R Om 1, B
FOMEE RO LA JIAATE. 7ok, RELISE, BB ORE LO@AEELE

BLT, BRA IR ICER S 5k L.

5.3.2 Yy, TV DEBESHOFH

%] 44 1 ZBAFHERIE & T = — U EIKICBIT D, By T v aoREOEE A%
TLEEbDOTHD. HBHO LY, ARRBEOBIEL, Er2EEL T v 22 111E
B ST LGS Lic, K4 17T 8918, F=—VFERETIE, EVEETT V2

P 5RRE L, 7Y a2BlETE U AES T REEZHRVIRYT. 22T, Fx—
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VOB T L F = — B EY FROE L7 a08A, SP-Q (M4 %
) ICIEET 2L, ZNENOEE T MITFEEZ RT. BRARED T = — 2 FHE
RIS, B &7 v aDBREHEREISES 28T, Fx=— KL FKRORT
AN FTRE & & 2, BB R R R A S L7z, 2o, vog
—EMECTHELRN S, 7 aZfEihSHiu k<, BFRRBEOSIE GRS T
HHZ NG, HBREEON EbLRIADD. ok, HE RO % 5.7 i

DRI LTz,
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Real roller chain

Driving state Driven state

3

A

Pin is fixed Pin rotates

Newly developed
Items
wear testing machine
118
Pin
Always Pin fixed
Bush

Always Bush rotates

Bush rotates

1 cycle of the sliding
direction focusing on
Point P of the pin and

Point Q of the bush

A
1l
Reciprocating

1l

/-

Reciprocating

‘E

Reciprocating

111 b

Reciprocating

s

[

ﬁ : Sliding direction of the surface

Fig. 44 Comparison of the sliding direction of the surface
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5.3.3 RGBS OGS & B

4] 45 (ZBHIE BB OGO 2~ 7. BB 07 v 21E, RAFITEANEE
ENs. FAXFIERA BIIEEIND2D, A ERoTpRERBRT 7> 2
TG L 725, 7V 2ONRICEVZIAL, RBOT—2 v 7 N EIRAE

AT D, B A RIS E T, T arsfEicEs. v E T U LA
J AT, T aE NS ROH Lz B O a2 MES Y &2 L KFEH M
ICHET 2. MESNIZEIEEER LeWa®, 7 v a2 i Sthif, v raH
E LI v 2 OB & 70 D BIEERETDA 11 70 L L, H#ikbD
MOBIRETOT A Y VIR EZRETCE DL LI L. RS Y o ZI3KES
MIZBEIL, ErBIRNT v aBBRELTYH, By &7 v alot )z —Elc
o, EVHLOBBREEZFNTLIILET, BTV a RS IERL, B
Ve TV aDRRIEREREZFHIAREE Lz, Ao, ERF=—2TE, BriTva
DFENC L0 R AR S, EBCLY e LT alEnbEitEn 5.
PR AR, BN D e IREYME TIT< Wiz, BEREMAHERE Lo\, %
ZT, AMAIMEKESME L, 7Y aOhE ETFAMCLERT . K46 123K
BR R DT & FEERER DTt AR
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<Reciprocating sliding component0

Directly connect

C C __________ * ______ y lllllllll ligA Jig B to driving shaft
] 7 Bush Assemble :
‘ Load Pc ﬁ
(Hydraulic cylinder) K ﬁg
350 ‘
, | ‘ ‘ : Holder
Distance from the bearing to the bearing
(a) Top view
Reciprocating sliding component
Motor and bearing Reciprocating
\ Pin (Fixed) ﬁ Bush (Sliding) . 69—0\ Sliding angle 6,
l_ '8 Dgi Sliding speed V
RO A Y N Iy S« N A N Load Pc ) - . .
CC ) “"i o . — Pin (Fixed)
‘ y . Bearing ~ (Hydraulic Bush (Sliding)
o / = Driven shaft cylinder)
Driving shaft Jig/ A U JigB Reciprocating sliding system of the
bush at cross section u-u
(b) Front view (c) Side view

Fig. 45 Schematic illustration of the newly developed wear testing machine
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Grooved bush Grooved bush Flow in lubricants etc

Flow in lubricants etc

Pin

Length of Diameter of the pin

the bush L~ Flow out D: ¢ 15-23 mm
: 52-77 mm wear debris Flow out the wear debris and lubricants etc
and lubricants etc Cross section z-z

l : Flow of wear debris and lubricants etc

Fig. 46 Grooved bush to remove the wear debris and lubricants
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5.3.4 BRARRABRBOIAR
X 47 |2 BHFE BRI D FEEN O 2 T, B U2 D=10~100mm % 2, =
T D=1smm~23mm %Rt R L L, BB OMtREZ D, £

23 ([ZBAFERAERE O HAE A R T,

Reciprocating sliding component
Driving shaft Bearing

Distance from the

bearing to the bea

Hydraulic cylinder

Fig. 47 Photograph of the newly developed wear testing machine
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Table 23 Specification of the newly developed wear testing machine

Whole size

Load

Average sliding speed
Idling time

Sliding angle

Diameter of the pin
Diameter of the bush
Inside diameter of the bush
Length of the pin

Length of the bush

Length of the sliding area

Pc

Daer

Lp

Lz

1700x1300%1800 [mm]
700-80,000 [N]

0.01-7 [m/min]
0.01-9.99 [sec]

0.2-72 [degree]

¢ 15-23 [mm]

¢ 22-40 [mm]

¢ 16-24 [mm]

68-100 [mm]

52-77 [mm]

52-77 [mm]

107



5.4 PBARRBRE L F = — U RAEERABRE Z A\ R — &4 TOERERR

5.4.1 FRBRA AR & RBREH

BASERABRIE IZ 51T 2 1%, E I L OWEENEE LT = — o RN (X
ANO)ZI, DITHEEREKE 3 5) LR—E L. 22T, BBA-HEE, v
% D=15.8mm ([¥] 48(a)Z ) ,7 > =N Dp=16.3mm, 7 ¥ = & Lg=52.9mm
(X 48(b)ZfR) L L, B OMEIX SCM435, 73 2 OMEIL SCM415 & Li-.
ENENDILFRL ) & 3R 24 1T, 3R 25 ITHMAOME B LT O T EER7. B
HARBEHOE L BLXOT v a 3N T e Le, —77, FERBEAO v 3m
s, 7 2 3ms#HE T e Lz, ERZEnoiirAiL, €0 FE FORETH
BRICAL L7720, RmiREEN R 5.

4 49, 50 IZRERBOENEZFETRLIELD TH D, X 49 [ZBHFEREEICH
W & T o O T RN BIZEX AR, X 49(a-2)D ', X 49(b-2)D T =
(&AL, Wi ORI HEEI IR W B4, BN TR B R S v 7a v,
7B, K4A9a-1)RY, VUITBEERELE T v =B S D, X 50 1ZFEAREER
BICHW ey, 7y aoidymBrm@izEMaRmd. M 50@-2)0 e, X 50(b-2)
D7V 2lHEAT DL, Wi ORERICIES 20pum FROMBIHEES R 6D, W
DIEWHP IR T D UHEREICE L b5,

26 ICRBRSM 2R, Fa— AL, TR Zm ESE 5700, HH)
i~ V) —2AEOEIBHOBMENHERI N TWD. LarL, T 2 TIEIMEIOEREIC
X DRBRITEDOELW ST T D720, BEm AN L, #iEiC X 2 ELE N %

FRWZ. PIERBRICE W T, BIRRBIE CIZIE S S DN/ W & 2R TE TV
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Tol=d, ARRBROBTBALL, FHRRBH T3ty b, EFRRBE T2y FEL
7. BAFERBRIEIL, 722 1 EEEDT B 1Ao7 veE v P L, FRR
Bk, Fo— N EEE I ET2BIC1 YA 7V EDT Y NS A I VN
1%, FERMICH T D 1 FBRHZEE L N=25x10°RILL B & Uz, Zrds B aRi &
FEARRBL, IO OB ETOT A R o ZRMNR R 58, Z 2Tl
B L TR,

EERERDOWPE HIEZOWTRT. B—=FF = — BT, BTy anfE
BOGHENRF 2 — OO %R L1097, EU0BEEEW, (X140 58) &7
Vo DEFEEWs (X 40 ) %255 L7 BEREEW, = Wp + Wy CRlfid 2. BE%E
BRI, UL bR ZRIE L2 b ONRWHISHYS 5 . ERRBRE I,
BE) LR ) 2 AR L7728 R 0 I (K 41 2H) TF = — L OR X OZ{LEHEL,
EFHNICEENDIE L T2 DBEETHRLULIZBODPWHIIHEYT5. 20X
5 IR OB A WET D kY, maBd, BB TRBRT &2 B0 AL E A

S, MBI o B LR/ NRIZCTE .
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D=¢ 15.8

_ L =52.&y
Lp=100 y Dai= ¢ 16.3

(2) Pin

N

(b) Bush

Fig. 48 Size of the pin and the bush for wear testing [mm]

Table 24 Chemical composition of specimens [%]

Testing machine | Newly developed wear testing | Conventional chain type testing
Items Pin Bush Pin Bush
Material SCM435 SCM415 SCM435 SCM415
C 0.37 0.17 0.35 0.15

Si 0.26 0.30 0.19 0.21

Mn 0.81 0.78 0.76 0.76

P 0.023 0.016 0.014 0.013

S 0.023 0.012 0.020 0.013

Cr 1.11 0.90 1.12 0.98
Mo 0.15 0.15 0.16 0.18
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Table 25 Surface properties of the pin and the bush

Testing machine

Newly developed

wear testing

Conventional chain type wear testing

Items Pin Bush Pin Bush
Hardness [HRC] 55.4 59.1 55.0 59.6
Surface roughness
6.4 12.0 13.6 5.4

Ry [pm]

Lathe turning Cold forging Cold-drawn pipe
Fabrication

—Heat-treatment —Heat-treatment | —Heat-treatment
process

—Shotblasting

— Shotblasting

— Shotblasting
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(a-1) S00um. (@-2) 50pm
(a) Pin

(b-1) 500um (b-2) 50pm
(b) Bush

Fig. 49 Axial cross section of the near surface of the pin and the bush

used for the newly developed wear testing (5% Nital etching)
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| Oxide film

(a-1) 500pum (a-2) 50pum
(a) Pin )
Oxide film

500 & v L P
(b-1) Pty (b-2) 0w,

(b) Bush

Fig. 50 Axial cross section of the near surface of the pin and the bush used

for the conventional chain type wear testing (5% Nital etching)
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Table 26

Comparison of testing condition

Newly developed Conventional chain
Items ) .
wear testing type wear testing
Idling time per one cycle 0.6 [sec] 5.1 [sec]
Definition of one cycle N Reciprocation Revolving
Load Pc 29,500 [N ]
Average sliding speed \Y 2.19 [m/min]
Sliding angle 0 32.7 [degree]

Condition of sliding surface

Dry
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5.4.2 BEHERBGE

451 &3 27 1%, BHIERBRIE & BB OBEFRBRER TH Y, YA 7 VEN
X D EERER W, = Wp + W2 oR . & 2 CRIRRBIE OB EZ WY, EIRRER
PWOBEFEREZWS LT 2. ZNENORBT & L T & 5% 4 7 /L4 N=25x10* [F]HF
(X 51 @ F) OFEFERET, BHRRBIEWN=0.85~0.93mm, FEAKRFHEWF=0.60~
0.84mm ToH YV, BAFEHRBEDIT 5 NRE V., BEREMMRICER T2 &, BIsHUERIE,
RIS O BEEEE N K E <, ZORITITE—EOMHE THE L,
ERERDNIIE Imm 2 X 721%, HEROPCKREL 2D, RRYH OO S |
MO IL, WIHIEEEE L PRIZNDIRAET, YA Z VENEIE N=3X10* Al TR X, £ 0
BREFEFICERT 2. 2089 REBISRIE, #0IELEMED SR OEEEREIC
BOT—EMIZA BN D BIETH 5[105,106].
RBRAICEDBEEEOIXLSXITERT D &, YA 78 N=3x10* [mlkg (¥ 51
D E), BB TIX0.03mm, FEAFBRE TIE 0.07mm TH 5. FERIZY A 70
FN=25x10* IR ([¢ 51 O F), BAZHURE T3 0.08mm, AR TiZ 0.15mm
Thsd. 20X ICHERBIECIX, RBRTICED2BEEREOIZS DX, TR
FEOYRRE L/ SV, ZORRIE, BEBARICEET L2060 THS. Ik, Wk

BRI ORI OB LU, RETTHR~D.
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2_5 T T T T I T T T T I T T T T I T T T T I T T T T
- | —— 3 results of wN .
[ | -8 — 2results of Wf ]
e 20 : .
s i .« Pin WH: Newly developed wear testing 7
t 15 L T/ We Ny i
= L W ]
I{L R ! i
= - i
= L i
5 10 - ! W _
§ i Bush i j) .
2 0.5 ]
W Conventional chain ]
type wear testing ]

00 LR B T R T L

0 10x10* 20x10* 30x10* 40x10* 50x10*

Number of cycle N

Fig. 51 Comparison of the wear amount between WX (newly developed)

and W¢(conventional)
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Table 27 Definition and comparison between wear amount WX and W
measured from the displacement amount of the hydraulic cylinder

for WY, and from the chain elongation for W

WTN|k=ZW¥/3 = (No.1+ No.2 + No.3)/3

AVV’IIEI :W'INl _W'Ile

£+1

Wr|, = ZWTC/Z = (No.1+ No.2)/2

AWr = WTC|k+1 - WTCL%
Wear amount Wt =Wp+Wg [mm)]
Number
W : Conventional chain type
£ |of cycle N WN: Newly developed wear testing )
wear testing
(x10%)

No.l No2 No3 Wp| | AW |No.l No2 Wr| | AWy
1 1.0 0.14 0.16 0.14 0.147 | 0.147 | 0.10 0.07 0.085 | 0.085
2 2.0 0.19 020 0.19 0.193 | 0.046 | 0.15 0.09 0.120 | 0.035
3 3.0 024 026 023 0243 { 0.050 | 0.20 0.13 0.165 | 0.045
4 3.9 026 028 025 0.263 | 0.020 | 0.22 0.15 0.185 | 0.020
5 5.8 032 031 030 0310 { 0.047 | 0.27 0.18 0.225 | 0.040
6 7.0 035 034 032 0337 { 0.027 | 029 021 0.250 | 0.025
7 7.7 037 036 034 0357 { 0.020 | 0.31 023 0.270 | 0.020
8 9.6 041 040 038 0397 | 0.040 | 035 026 0.305 | 0.035
9 12.0 046 047 043 0453 | 0.056 | 040 031 0355 | 0.050
10 15.0 056 055 053 0547 { 0.094 | 0.51 039 0.450 | 0.095
11 21.0 074 0.78 0.70 0.740 { 0.193 | 0.69 0.57 0.630 | 0.180
12 25.0 088 093 0.85 0.887 | 0.147 | 0.84 0.69 0.765 | 0.135
- 27.0 097 099 --- 0.980 --- --- --- --- ---
- 32.0 1.22  1.16 --- 1.190 --- --- --- --- ---
13 35.0 1.35 --- --- 1.350 | 0463 | 1.26 1.07 1.165 | 0.400
- 38.0 1.50 --- --- 1.500 --- --- --- --- ---
14 42.0 1.75 --- --- 1.750 | 0.400 | 1.64 1.39 1.515 | 0.350
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5.5 BARRBRE L F = — EREERBREOBEFRREBOLE L B
5.5.1 ERBEFERRICIST 5 BEFEER B O i

FEFERER T LA U B D=15.8mm & AW EERT = — BT DA B R
(XEH 3mm THDH. ZHTx L, [Fl— B E W ARZE O EBERERER T,
51 X0 WAL 1T 0<N<3x10* BIOHH THIMIEFEN A U TV D, £ OFIHIERE
BEIPRAEABE TWY| ,=0.24mm, SRR CWE|,=0.17mm TH Y, ThZiud

FARFFRERELL 8%, 6% IS T 5. §7b b, FERIFICH T DFFEFEFERED 90%

&

TE TR B SN D 728, MEIOBEREIZ KT 2B E D HiRE, & EERE
TITORERH L. £ T, MIMER L EFEEE OB Z WIS L, EFEREIC
BUF DEREREZ LT 2 HRY T, BEREREIZER T 5.

YA I N DT OEFEREN LR D BN D BEFEEEdWr /dNIE, BAIERBRIE Tl
dWN/dN, FEERRBE TIXdWE/ANTE SR, 220Dk vk b Z &

WTED. 728, MRBREEOREERIL, £ 27 OFEHEEEAWY, AWFE .

dwy  dwy N oN N _
W = W ,AWT = WT |l&+1 - WT |/& in Table 27 (10)
dWf _ dwf c e c :

= A AWE = Wi |%+1 — WS |& in Table 27 (11)

HEO—FIZLLFICRT. 27 X0, H A4 7 VEN=21x10*~25x10* A2 1) 5 B
FEREBRIE O BEFEREAWYN=0.147Tmm TH 5. X(10) LV, EEFEHEEIWY/dN=3.68x10°
mm/cycle 23K E 5.

dwy _dwy 0.147 268 % 10-6 |
dN ~ AN  25x10*—21x10* mm/cycle
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R(10)(11) & W CEH U 7= iRk O BEFEREE 2 [} 52 (2R d. X 52 TlE, H
A 7 VB NITRE X O P RIEZ 7 7 > b L7z (N=21x10°~25x10* [8] T, 23x10*
[ENC 7 7y b)), TR O BB X, T 2 VB N=3x10* [a] £ TOPIMEFE (X
520 G) TIFRZRLD, TRLBEOEFEFICBHNTTTE-HEL TN 5.

Z 2 C, RPN I B BRI AR BR R & SR IAGBRIE O BEAE I O N OW T
B4 5. YRR EE KT TR OREMRICER T 5 &, BRREEH O
B, T3 aORmITEEMNLiE (49 28) THO, B xombgBI i o
N, Zhucx L, BEERRBEAOE Y, 7Y 2 0RmiciE, BACPRNE < F
RENTWD (K50 2HR). HIREEBICE O T, SRFHICIE S D ML
MEREEICAFET D &, @R LOERENT b, BEERIZB W THENIIEN
T 5[107-109]. FRALME & e Tim O8I L0, PIsEaBREIE, FHARRAIBRIE X
D LRBRYIMOBEREN S ol LHEI S D, Fio, EEHBWEIZH TS Nol &
No.2 ORBRWHDIXH S E 1L, MALBIEE S NZERIRBE TR S LT
BN SND. HBZME L, HEIEICERMAMET L2 LT, @B
fin23 b7 < 720, BUEFTEIZ X A REIRBOREN /NS <70 d &, BRRABEE & 32
IR DEEFEERE D2IL 15% LA T &/hS <70, A 7 V80 N=3x10* [a] LA (B
TS OBEFE WY |, =0.24mm LA )78 ZHUCEENE T 5.

K2R T, HENOHISLERI L8 DOEMEW,, 7 = DEME
W, GRIEREEWr = Wp + W& /7. BHFSEBRERI 5B A No.1, SRR IR
BRA No.2 Z W7o, BRHEEFER Wrllxd 5 v OFERER We OFIGIE, BIZEHER

FEWN & ZARGBREWSE T2 L TV D (We/WR=Wp/WE). iZiE, B 7 v am
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BRHERER O BEREIR LAY, PHISRBRE & EARRBHE CIZIE B L T\ D Z L &2k~
lo. BT v a OEMEOHLRLMHBE TR L TS, 2k, #hifio2vE
BRI 27 OBEFREEWY, WEE, HMEANSHE L-FE 28 OFEMERE
WN, WEZ T2 &, B E e 0 IIE—H L T0nd. 20 X1,
HEED DI A Z 72 WIEIFEIZB W T b, BRI SRS E CEEFE R ORI A T &

D2 LMD,
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15.0 S s =
1 (G) —@—Result of dWg'/dN ]
0} | =0 — Result of dW{/dN
3 _ ]
g R dwlN  dwg .
g 100 [ T T 4 ]
= B aN * dN (N<3x107%) ]
= i ]
T< N d N d C ]
5 - Wr  dWr (N03x10%) .
= 50 ]
O B e T
g 5 .
5 [ > ]
= - 8 1
0.0 B |§ 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 l—

0 10x10* 20x10* 30x10* 40x10*

Number of cycle N

Fig. 52 Comparison of the wear rate between dW» /dN (newly developed)

and dW-</dN (conventional)
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Table 28 Total wear amount WY # WE and wear ratio Wp/WN = Wp/W

directly measured wear amount in comparison with WN and W

in Table 27.
W Conventional chain
WXN: Newly developed wear
Items type wear testing from
testing fom No.1
No.2
We/WN  0.46 | Wp=0.82 [Wp/WE 0.45 | Wp=0.64
Directly measured from the pin|Wp/WN 0.54 {W5=0.95 Wp/Ws 0.55 {Wp=0.79
and the bush [mm)] (Wpt+Wp) WptWs | (Wpt+Wg)/ Wpt+Wp
1.0 1.0
/WX =1.77 wE =1.43
Displacement amount of the
hydraulic cylinder for W and
WN=1.75 W=1.39
Chain elongation for W§ from
Table 27 [mm]
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5.5.2 F=—EERBREE L OBEAR OB

X 53 BAFERERE D v O OB LA R = B RO BB & &
L, x B CHMTH L. X 530 E RO ' oWrmRo 2z <4, =H
AIROBEREFRIHZ R L, x iIEIERHTH D, Wk o 2 ks, BB
DY & RO VU 0X, [R5 OBEFERPH 2 <.

B S54(a)ZBARRERE D 7 > = oW K O b &2~ = B HIROEFEHIPH %
2L, mROLEFELULIET x fille LE-15fEW T 5. 54(b) 2 FEARF BRI D
7 2 OWEER O EZ RS FRRBREEO 7 o = X3RRI & ARk, = A
HARDBEEFERIPH 2/~ U, e b BEFE L 72O R x Bl LRI-15o DT D . 24
ATl y FOWEEVNLEIETFE LTS LB BND. WERO (LS, B
KRB D 7 v 2 L BRI O 7 > 21X, RS OBEREZ R T Z AR TE
D, 2B, REBREMEOEIAEG=32.72TH 575, — B HIROEFEFFE O,
BT v a TR I80PIZE L TWAD. 2, BV, T 2 OGO EEFEIZ LD,
Pefilim ORI L, HAEAES N Lizled B2 b D, WO v
V& TV XREROBIEIR 2R 2 L 0D, BB XA ER & FIRE OB

FArHETETWS.
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Profile after testing Profile after testing

Wear area

b b —— b —— b —

3mm

Profile before testing Profile before testing

(a) Newly developed wear testing (b) Conventional chain type wear testing

Fig. 53 Pin diameter profile change before and after testing
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y Profile after testing y Profile after testing

Pttt
f——t——t——+

1
f
f
i
i
1

e f e b=

I

e
| i
=1
=
i ——4——1

Wear area

Profile before testing —— Profile before testing

(a) Newly developed wear testing (b) Conventional chain type wear testing

Fig. 54 Bush inside diameter profile change before and after testing
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5.5.3 F=—RERBREE L OBEFERE O L

X 55 (2 & OEEFEERBIZEXKZ T, X 55(a) BRI, X 55(b) X FEAGER
BzoRd. HEGRITWT R bME S E T 5. [¥550-2), 0-2)IERT L E, #E
WROBl-BEENRALND. [X55-3), 0-)IHEETH &, BEWHIFE LIRS
A ROND. WRERIZ K D © OEEREmIT, 5l R G L B E S AL TH Y,
Btz 45 &, FUERRLND.

X 58 |27 3 = OEEFEmBIEEX &~ X 56(a)iXBASE B, X 56(b)ILEMARR
Btk 2o~ fET T b ETmE 5. M 56(a-2), (b-2)ITERT D &,
RO sBEEEN R OND. Gl oS EITEERFABRIEDIT O DI, @EIEIR
DTS D72 X 56(a-3), (b-3)NIHER T2 &, BEAWBAE LTSRS A OND.
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(b) Conventional chain type wear testing

Fig. 55 Wear surface of the pin
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(a) Newly developed wear testing
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«—> «—>
(b-1) Macro (b-2) Scratch wear (b-3) Adhesive wear

(b) Conventional chain type wear testing

Fig. 56 Wear surface of the bush
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(a-1) (a-2) (a-3) (a-3) (a-2)

=Fig.43(a-1) =Fig43(a-2) =Fig.43(a-3) ﬁ Sliding direction of surface
@ : Contact point between (a-1) and (a-3)

(a) Sprocket driving state causing uni-directional friction for the bush

b-1)-(b-3
o) 0 | )( )

.

E\(b 3) dl

(b-1) Pin (b-2) (b-3)
—Fig43(b-1) =Fig43(b-2) =Fig43(b-3) ﬁ Sliding direction of surface
@ : Contact point between (b-1) and (b-3)

(b) Sprocket driven state causing uni-directional friction for the pin

Fig. 57 Real roller chain under uni-directional friction between

the driving state and the driven state
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ﬁ: Sliding direction of surface

@ : Contact point between (1) and (5)
Fig. 58 Newly developed wear testing machine under reciprocating

friction for 1 cycle
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