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Stress Analysis for Each Component of Roller Chain to Improve Fatigue Strength
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Abstract

In this paper, the fatigue strength is considered for the roller chain which is composed of four components,
that is, pin, bush, plate and roller. The finite element method (FEM) is applied to those components by
focusing on the three states, which are the press fitting state, the static tensile state and the sprocket engaging
state. Then, the stress amplitude and the average stress of each component are considered on the fatigue limit
diagram. According to the analytical results, it is found that the fatigue crack initiation may start around the
middle inner surface of the bush and also the inner plate has lower safety factor against fatigue fracture starting

from the hole edge.
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Fig. 1 Basic structures and loads of the roller chain
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Original crack

Second crack Original crack

(a-1) Broken inner plate at (a-2) Broken inner plate
perpendicular to tensile at tensile direction

Center Cutting plane Edge Fracture Origin

Sliding Original
| with pin erack
Fracture surface Forced fracture surface
(b-1) Broken bush (b-2) Broken bush (c) Broken pin at step corner

Fig. 2 Examples of the broken parts of the roller chain
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Fig. 3 Layout of the roller chain [m]

Table 1 Specification of the conveyer chain

Note Definition Value and unit
P Motor power (Base)* / (Maximum) 11 kW / 18 kW
T Chain tension (2 strands) 63.8 kN

h Horizontal distance of conveyor 38.40 m

d Vertical distance of conveyor 18.58 m

A% Transfer speed 10 m/min

n Mechanical transmission efficiency 0.8

— Number of chain line 2

Wi/ We Per chain mass / Apron mass 14 kg/m / 68 kg/m
W=2W1+W; Total mass 0.94 kN/m

Uy Friction coefficient between the chain and the guide rail 0.18

*Tt is used here
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Table 2 Roller chain dimensions and mesh size [mm]

Ttems 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 0.9~1.3 1.3~3.7
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Table 3 Material properties of roller chain for FEM analysis

Items Plate Pin Bush Roller
Material (JIS) SS640 SCM435 SCM435 S45C
Young’s modulus [GPal 206 206 206 206
Poisson’s ratio 0.3 0.3 0.3 0.3
Yield stress [MPal 970 1080 1390 780
Tensile strength [MPal 1100 1180 1666 1012
Friction coefficient 0.3 0.3 0.3 0.3

Sprocket engaging state (Condition(®)

<—— Pin

<— OQuter plate
Inner plate
Bush

<—— Roller

- Sprocket rotation
direction

Press fitting state o Tensile state (Condition@)
(Condition(D) (a) Roller chain drive system

(b) Tensile state

| Press fitting position (c) Sprocket engaging state
Fig. 4 Schematic view of the roller chain drive Fig. 5 Schematic view of the roller chain drive
system, here pin are press fitted by outer system and the FEM model and boundary
plate, bush are press fitted by inner plate conditions for roller chain system
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Fig. 6 Stress distribution g, for bush [MPa]

1500 1500
Table 4 Maximum stress 6,4, and minimum —_
[v]
stress oy in, Mean stress oy, and E
stress amplitude o4, for bush [MPa] :é 1000 |
. S
Position 0y ax 09 min Ogm 09 a 2
(1) 638 15 327 312 £
) 343 14 179 165 3 PN
w
(3) -1293  -1923  -1608 315 2 ?Q o
N ° @
(4) -1207 -1499 -1353 146 0 , | e N
-2000-1500-1000 -500 0 500 1000 1500
(5) -830 -1267 -1049 219 Mean stress a’em [MPa]

Fig. 7 Fatigue limit diagram for bush
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(a) Bush deformation

[50 times in r-direction]

{b) A-A Cross section deformation

[50 times in r-direction]
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200} “\\
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2.4 in Fig.8(a) [MPa]
I

Og atz

600l
180 90 60

6in Fig.8(b) [° ]
(c) o, atinner surface in Fig.8(b)

Fig. 8 Bush deformation and o, at inner surface
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(a) Press fitting state

Table 5 Maximum stress 064,,,, and minimum stress
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(b) Tensile state
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32 O haxloc1sie = 808

(c) Engaging state

Stress distribution g, for inner plate [MPa]

09 min, Mean stress oy, and stress
amplitude o4, forinner plate [MPa]

Position 09 max 09 min Ogm 09 a
(1) 931 620 776 156
2 862 647 755 108
(3) 808 637 723 86

(4) 598 177 388 211
(5) 663 346 505 159
RET LA

500

Stress amplitude g, [MPa]

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

Fig. 10 Fatigue limit diagram for inner plate

Vol. 54, No.1 (20194E1 H)



69

6 SNTL—FOBNBRITRERE L UVHARRICKSEE

6.1 HBHERLEL VHAREICKSIER

B 1M7L — M2EL D0 AL, B 1(a), (b), () IBB@Etticki) 25 kiEz R LT
HLDOTHD. ST L— MINT L— b ERRRICEA ST 7UELE 5 ORISR E S RN TN D,

ZIThH, INFTEREBRICERSO~G)EZRELE. ZNHLORALAIZOICHL T 5. & 6 (20t
DN W DI & 7R" L, 7 b— FOMABRM Z =3, ISR Z2McH Y, 2oh T, k&
MEOR b RKREWVEQO)OLZEFENMRN. ZOROIFENIRIETEIIRIT M2 H A0 = 13°HEL TRRIE I MBAET
7.

22T, 3.3 St o VR ORE SR T A DN ONTEZ TAHADL. EVDEANCED, 1L
ORI A U DM ETE ORI R b KE W T L— MIERTDH. 47 L— b o Lo N m
EENCHFET S, Lo, SMEITLEO E8r = 7.9mmiZ%t L C7.9 < r < 7.9 + 2mmELE OFiPH CTH 5
X, BRARIETH 50 =900 ) H AL MRS 14.35mm (B 12 &) xtL, 14%CTH5H. Z I T,
B 12 DI The bk LWVRHTT & 72 > 72l (DICIER 975 &, ALERICA C 2 BPEOF 72 lde, = 0.56%C,
MO HIRIEITAe, = 0THD. ZOX I, VA 7V ORMZNTZL TRV, LEEi-T, &Y
AT NVETE UTIABRBKIC L VIS 2 Z SIT@E & &Z 2 5. ds, 7 v 2 0PEEIE Eim o b oK
mm OFFATHY, N7 L— ML, ILEOEEHO z=0 HOATHDH. —J5, B10 LB 12 1Zr-3 X 512, i
PRI K 53 TIE, BROBIEEER AR LA 7L — R XY N7 L— O BERAIOFAE TH 5.
ZOFERITFERICBNT, N7 L— FOREEDIN T L — N OB ER] L 0 FEXEICZ W2 & L PG < Xk
LTCW5b. LoT, ABFIECTHEMEMITZ AW Z L1E, MR ENC X0 BRI E I ST 5 &)
FERIZI RO BDTHD.

EZAT, WA ETHAT L — FOLZERMRNDIE, WIH b L% T,0 = 0°%°0 = 180°Ur < D55k
FIANZMIENZ < (B 10 D(1D), 3), WE 12 D(1D)~1), ZOIHBIZOW TR TELET 5.

4 3
792 ol locier =717 Ogopelo-ieee = 701 792
712

3 (s) _
o) nloc1age = 658 Gl lo=o0: = 458

1
rrf; 3.1“|9=13“ =792

1
68 (2) ﬂ'f,')’mlgzma =443
6@ laizer = 688

@ m,

(2) -
inlo=140c = 639 4
%9 minlo=140 04 mlo=167- = 568

(a) Press fitting state - (b) Tensile state (c) Engaging state

Fig. 11 Stress distribution o, for the outer plate [MPa]
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Table 6 Maximum stress o64,,,, and minimum
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stress amplitude o4, for outer plate vl

[MPa] 300 |
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(5) 627 458 543 85 Fig. 12 Fatigue limit diagram for outer plate
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Fig. 13 Stress estimation by 2D models ((a) 2D holed plate model, (b) 2D disk fitting plate model)
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Table 7 Maximum stress 6,4, and minimum stress o6g,,in, Mean
stress ogy,, and stress amplitude a4, in Fig.13 [MPa]

.. Safety
Model Position | 6gmax  Tomin 09 m Oga factor
2D holed plate
el 6)) 233 0 117 117 2.70
moae
6)) 799 763 781 18 1.31
2D disk fitting
2 733 698 716 18 1.44
plate model
3 733 675 704 29 1.43
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Fig. 14 Fatigue limit diagram for 2D plate
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