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Investigating Roller Chains
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Abstract: Roller chains are commonly used for transmission of mechanical power on many kinds industrial ma-
chinery. Roller chain makers have done a lot of efforts to improve the wear resistance by using conven-
tional types of wear testing machine. However, such conventional wear testing needs huge amount of
time and cost. Therefore, this study focuses on developing a new wear testing machine, which can eval-
uate the wear amount efficiently without using main chain components such as inner plate, outer plate
and roller. The experimental results show that this newly developed wear testing machine may realize the
almost same wear rate under stable condition and

similar wear status of the conventional chain type (" Conventional Chain Type Testing Machine )

(Having similar wear with real apparatus)

testing machine. The newly developed wear testing |

machine may be useful for improving the wear re-

sistance of roller chains conveniently compared to

the conventional chain type testing machine.
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Newly Developed Wear Testing Machine Having Sufficient Reproducibility Useful for Investigating Roller Chains

Ryoichi Sarro, Nao-Aki Nopa and Yoshikazu SaNo
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| Press fitted position

@ Press fitted position for the (D Press fitted position for
bush and the inner plate the pin and the outer plate
* Mechanical wear mainly occurs between pin and bush.

Fig. 1. Schematic illustration of the roller chain whose
mechanical wear between pin and bush causes elongation
and final failure. (Online version in color.)
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RERD 7201, AT VL=, A7V =, a—=F L7

. Wearing area
Wearing area

7 N
y
View from u

u
Wearing area

Wp/D=17% Wearing area

Wg/E=26%

Wearing state of the bush
at cross section z-z

(b) Bush having stepped diameter

Wearing state of the pin
at cross section z-z

(a) Pin

Fig. 2. Pin and bush whose wear amounts reach the use limit.
(Online version in color.)

Shaft with rotational resistance

Driving shaft

B A
Sprocket "/ghain’

(b) Actual machine without rotation

(a) Schematic illustration

Fig. 3. Conventional wear testing machine for the roller chain.
(Online version in color.)
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Table 1. Variation of tensile load and bend angle.

Range Tensile load Bend angle Wear
A T Changing as 0,=0—0, Appears
B T Changing as 03=0,—0 Appears
C T Fixed as 0.=0 Not appears
D T—0 Fixed as 6,=0, Not appears
B 0 the slack of he chain Not appears
F 0—-T Fixed as 6;=0, Not appears
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Table 2. Definition of position A, A,, B,, B, and 6, in range A,
B shown in Fig.4.

Items Definition

The chain starts engaging with the sprocket under tension in

Position A, o driving side.

Position A, The chain is bent at angle 6, under tension in the driving side.

The chain starts to move away from the sprocket under

Position B, tension in the driven side.

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

The angle specifies the interval of sprocket teeth as 6,= 2—]\’;,

Angle 6, where N is the number of teeth in sprocket

_ Z0AO'=0,=0 || Range B

= e (B)) £0BO'=

A O 05=0, T N
Bend angle ‘ Bend angle o) B\
0=05=0, ‘

o & By L0BO'= (o &
B2) 8y=0 & —&
O B O

N: Number of teeth of sprocket

Fig. 4. Tllustration for range A, B, C, D, E, F, each of which
has distinct mechanical state in the roller chain. (Online
version in color.)
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(a-1) Position A, (a-2) Position A’ (a-3) Position A,
(04 =0) (04=00/2) (04 =60)
Position A’ is located between Position A, and A,

(a) Sprocket driving state (Position A1 to A2)

(b-1) Position B,
(65=060)

(b-2) Position B;’
(GB=60/2)

Position B;’ is located between Position By and B,
(b) Sprocket driven state (Position B; to B2)

(a-3) Position B,
(6=0)

Fig. 5. The load and sliding condition of driving state and driven
state. (Online version in color.)
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Newly developed Real roller chain

Items -
Driven state

PN
%ﬂ
s MMl

NS 2N

A

wear testing machine | Driving state

A
Pin '

11130

Bush

1 cycle of the

sliding direction

focusing on Point Reciprocating

Reciprocating
P of the pin and
Point Q of the
bush i 1t
Recipﬁ:vating

Reciprocating

1} : Sliding direction of surface

Fig. 6. Comparison of the sliding direction of surface. (Online
version in color.)

<Reciprocating sliding component>

Directly connect to
driving shaft

\\ﬁ-;ﬂ =Y Al

Jiga JigB

Holder

AE Reciprocating
0o Sliding angle 6,

JigB —S Sliding speed V
Load Pc A . :
“Q,T* Pin (Fixed
(Hydraulic ( )

cylinder) Bush (Sliding)
Reciprocating sliding system of the bush at cross section u-u

Driven shaft

(c) Side view

Fig. 7. Schematic illustration of the newly developed wear testing machine. (Online version in color.)
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3-4 FARHABRBOMLHE

Fig 9 (Z B R B D R B S D Sl 2 3. ¥ U 1D,
=10~100 mm & A2, 22 TlEd ¥ v %D,=15 mm~
23 mm & ARBO R & U, FTERFHED AR 2 U 72, Table

Grooved bush Grooved bush Flow in lubricant etc

Flow in lubricant etc

Length of 9 Diameter of the pin
the bush Lg “Flow out Dp: ¢ 15-23 mm
252-TTmm ear debris Flow out the wear debris and lubricant etc

and lubricant etc Cross section z-z

¢ : Flow of wear debris and lubricant etc

Fig. 8. Flow of the wear debris and lubricant for the newly
developed wear testing machine using the grooved bush.
(Online version in color.)

Reciprocating sliding component
Driving shaft

Distance from tt
bearing to the bg

Hydraulic cylinder

Fig. 9. Photograph of the newly developed wear testing
machine. (Online version in color.)
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Table 3. Specification of the newly developed wear testing

machine.
Whole size 1700x1300x1800 [mm]
Load Pc 700-80,000 [N]
Average sliding speed \% 0.01-7 [m/min]
Idling time 0.01-9.99 [sec]
Sliding angle 0o 0.2-72 [degree]
Diameter of the pin Dy ¢ 15-23 [mm]
Diameter of the bush Dg ¢ 22-40 [mm]
Inside diameter of the bush Dg; ¢ 16-24 [mm]
Length of the pin L, 68-100 [mm]
Length of the bush Ly 52-77 [mm]
Length of the sliding area 52-77 [mm]

Table 4. Chemical composition of specimens [%].

Testing Newly developed Conventional chain
machine wear testing 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
Dp=¢ 158
L»=100 1329 De= 6 16.3
(a) Pin (b) Bush

Fig. 10. Size of the pin and bush for wear testing [mm]. (Online
version in color.)
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Fig.11, 1213 REHIREDENEEBETRLZEDTH S,
Fig 11 IZBHFEARBRBE I I 72 ¥ 0 & 78 o il v W i 8
%8[X % /8§, Fig.11 (a-2) ¥ ¥, Fig.ll (b2) DT ¥ 21
g, Wi OmERICHTERM TIER R S5, HY -2
BT R B e, ks, Figll (a-1) &0, B I3
FRITHET 0 — B8 SN 5, Fig 1213 F AR RBRE I v
=¥, TV 2 O R &R d ., Fig.12 (a-2) O
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Table 5. Surface properties of the pin and bush.

T"’S“?‘g Newly deve.loped Conventional chain type testing
machine 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

F?:cr;:tlon —Heat-treatment | —Heat-treatment | —Heat-treatment
p —Shotblasting —Shotblasting —Shotblasting

- 20|IE 50um ’

(b) Bush

(b-1) (b-2)

Fig. 11. Axial cross section of the near surface of the pin and bush
for the newly developed wear testing (5% Nital etching).

_;Oxide film

(a) Pin

_4Oxide film

S0um.
“—>

(b-1) 5(00_um> (b-2)

(b) Bush

Fig. 12. Axial cross section of the near surface of the pin and
bush for the conventional chain type testing (5% Nital
etching). (Online version in color.)
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Table 6. Comparison of testing condition.

Conventional
chain type testing

0.6 [sec] 5.1 [sec]
Reciprocation Revolving
29,500 [N]
2.19 [m/min]
32.7 [degree]
Dry

Newly developed

Items .
wear testing

Idling time per one cycle

Definition of one cycle N
Load Pc
Average sliding speed \%

Sliding angle 6,

Condition of sliding surface

N
3

E —@— 3 results of W—P'
-©—  2results of WE

i 4 Pin W-Pl : Newly developed wear testing

. /" | p

L T We L& -
w

®

g
(=]
T
L

—
W
\

|

S
W
il
B
B
\

Wear amount Wr=Wp+Wp (mm)
(=)
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Fig. 13. Comparison of the wear amount between WY (newly
developed) and W¢ (conventional). (Online version in
color.)
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4-2 EFEABRER

Fig.13 & Table 713, HFEakEM & FIRGRBR O FEFERER
WWRTHO, ¥4 7 ILBNISHT 2R W, =W, + W,
ENY . T Z CHIFEIRBIE DO EEFER 2 W, FERGRBE 0D FE
FEEWS ET S, ThZhORBA 2k TcE 5414 2
JLBIN =25 X 10*[0lHF (Fig.13 D F) OPEFERE L, FHFEAER
WY = 0.85~0.93 mm, FEAKREAE WT=0.69~0.84 mm T
BV, FFRREBEOIE S kX, EREHRICTH T 5 &,
el F8 AR R, ORGSR O BE R Y K &
<, ZOBIXIFIT -EDMHEE THER L, BEFEENIZIT]1 mm
EHA 721, HERPRKEL &5, sk ORI T
5 BRI, WIHERE TN ZIRET, 1 2 L EAE
IEN=3X 10" Thix, ZOHEHEHIELT S, Z
D& HBEBBRIL, BOBEL &S SIROEEEERICE
W AR ALNBBIRTH S 7,

ERFIC K D EREEDIT S DRIZHEH TS &, 142
KN =3 X 10'[0KF (Fig.13DE), FHFEREHE TIX0.03 mm,
FRGABAE T120.07 mm Tdh %, RIFRIZH A 27 LEIN =25
X 10" [l (Fig.13 D F), Bl 8 ik Bk T 130.08 mm, F2I&GK
B 12015 mmTH 5., 2D &I ICHHFEREBRKETIE, R
BRF I & BEERER DL 6O %13, EEREIE DL FEE &
INEV, ZORERIE, BHEICART280TH S, &
B, MR O RO B ERIE, KEE TS,

TR 1T DIEFED FF BRI 72T — 2 P T i T FA B S R ERR A OO B 7€

5. BREBREETF I RPEFHBRED
EFREOLEEEZE

5.1 EEEFECHTIERRED]E

FEREEABR T & [F U ¥ ¥ 2D, =15.8 mm % F W 72 4K
Fr— VBT AFFRBEREIIER I mmTH 5, ZhiC
KLU, [l—Y xR0 RS T, Fig13
&0 T AR R 120 <N <3 X 10°[8] 0 % [ T ¥ B EE R
ME L T3, 2 OYIIEERE &SP BB T WY, =
0.24 mm, EHEABEETWI,=017mmToH D, ThZh
I FIRF B EFELE 8%, 6% MY T %, T habb, Fikfi
2B PR BEFRER D 0% I EHEFIC KR S NS 7
B, MO EEFEIZ K4 2 BT LD IS, T8 HEEFETIT
IREND B, T T, WIMIERE L EHEREE DX %
MEIZ L, EHWIEFRIC I\ 2 EFER M & iR § 5 HIY T,
FERMEICHEH T 5,

YA INE D70 DOEFERD? RO SN B EFEHE
dW./dN 12, BHFERAERBE T ld dW/dN, RGBT 1% dwy
AINTEEN, ThZhkX (1) Q) I2XkDRkOBZT LA TE
3, ik, WaBiE O BEFERIZ, Table 7D FHIEFERAWY,
AW; & W7z,

N N
AWy AW, ,AWTI“:WTN| —WTN| in Table 7 e (1)
dN AN fo+1 i
C C
%;%,Awfzwﬂ —WTC| in Table 7 «eeereeee- )
dN AN £+l %

AHELO—Hl 2 LLTIZ/R Y, Table 7&K D, 14 7 L EIN=

Table 7. Definition and comparison between wear amount WY and W¥§.

WY,=>W}¥3 = (No.l + No.2 + No.3)/3

AW=WH] .~ Wi,

WY, =S W2 = (No.1 +No.2)2  AWS=WS|,.,— WS,

Number Wear amount W=Wp+Wj5 [mm]
7 of cycle N W5 : Newly developed wear testing W¢ : Conventional chain type testing
(x10% No.1 No.2 No.3 WY, AWY No.1 No.2 WS, AWE
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 0.20 0.19 0.193 0.046 0.15 0.09 0.120 0.035
3 3.0 0.24 0.26 0.23 0.243 0.050 0.20 0.13 0.165 0.045
4 3.9 0.26 0.28 0.25 0.263 0.020 0.22 0.15 0.185 0.020
5 5.8 0.32 0.31 0.30 0.310 0.047 0.27 0.18 0.225 0.040
6 7.0 0.35 0.34 0.32 0.337 0.027 0.29 0.21 0.250 0.025
7 7.7 0.37 0.36 0.34 0.357 0.020 0.31 0.23 0.270 0.020
8 9.6 0.41 0.40 0.38 0.397 0.040 0.35 0.26 0.305 0.035
9 12.0 0.46 0.47 0.43 0.453 0.056 0.40 0.31 0.355 0.050
10 15.0 0.56 0.55 0.53 0.547 0.094 0.51 0.39 0.450 0.095
11 21.0 0.74 0.78 0.70 0.740 0.193 0.69 0.57 0.630 0.180
12 25.0 0.88 0.93 0.85 0.887 0.147 0.84 0.69 0.765 0.135
27.0 0.97 0.99 0.980
- 32.0 1.22 1.16 1.190 - - - - -
13 35.0 1.35 1.350 0.463 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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21 X 10°~25 X 10*[01Z F51F 2 PSR BRI D BEAE A W) =
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W PR ATAE T % &, S LOEE BT 6h, B
PREEREIC I W THMISERT 2 ™2, M bl & hedzhn T
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WIOBRNL L P>zl ch 5, 72, ZERBHKIZE
{7 % No.l & No2 DFRERFIIHDIE 6 D 2 1d, BALHEIED)E
SARREBIRETHR I N TS HE LN X5, 8
EMOR L, fAENmCER AN ET S Z LT, SEELo
b < &0, BUEHEIZ K 5 RMIRED B IV X
b L, HFAREE & FLRGRBE O BEFEH S D513 15%
DIFE/NEL KB, 4 2 LEN=3X10"[mLIE (BEFR
BRI DO PEAE R WY, =024 mm A L) A ZHISHENT B,

Table 8 IZRRERF% T 12, WEL SHFLEHIL 72 DJE
FERW,, 7V 2 OFEFER W, DFtEFRR W, =W, + W, %
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w
o

—@— Result of dWN/AN
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Fig. 14. Comparison of the wear rate between dWY/dN (newly
developed) and dW§/dN (conventional). (Online version
in color.)
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Yo B ARBRHE 1L AR R No. 1, FEARaRBRI I AR R i No.2
RO AEHERE WSS 5 ¥ Y OEE W, OHIS
1F, B RRIBE WY & ARG WS T L T b (W
WY=Wo/W9, 2121, ¥ v 7Y 2 OAFHEREDER
W R, GG & FARGABE TIRIE AL Tnb T L
w7z, BV & TV 2 OFEFER O R & iR T — 3K
LTW3, &k, SO Z (b 63K 7= Table 7 D EEFER
WY, Wi &, #BaHAD 5 JI5E U 72 Table 8 DBEEFER WY, Wi
% &, BT ZhicbB O TRIE L Tw
5, 2D &SI, BEPSHD IS RWHIEFEIZE T
&, M E G CEEREOFMiATE 5 Z L2850
%,

5:2 Fr— EEHBRBEOMERROILE

Fig.15 (a) IZBHFEREED © v OWrRiIZIR D2 7R T,

Table 8. Total wear amount WY # W¢ and wear ratio W,/WY =

Wo/WEK.
Ttems WH: Newly developed wear W¢: Conventional chain type
testing fom No.1 testing from No.2
From Wp/WX 0.46 Wp=0.82 | Wp/W§ 0.45 W,=0.64
Pinand | Wg/W¥ 0.54 | Wg=0.95| Wy/W§ 0.55 W;=0.79
Bush fewwoy o | WetWe | (Wt Wo) | WetW,
[mm] 5y : =177 | W : =143
From
Table 7 Wi=1.75 Wi=1.39
[mm]
Profile after testing Profile after testing
y
S Wear area

Pc=T

L
@

Profile before testing

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

Fig. 15. Pin diameter profile after testing. (Online version in color.)
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Profile before testing

Profile after testing Y Profile after testing

Wear area
Profile before testing

(a) Newly developed wear
testing

(b) Conventional chain type
testing

Fig. 16. Bush inside diameter profile after testing. (Online
version in color.)
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1% LAY — 15° 8Ty %, Fig.16 (b) 12 AR EE D 7
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2mm O;Lm
<>
(a-1) Macro (a-2) Scratch wear (a-3) Adhesive wear

(a) Newly developed wear testing

<>
(b-3) Adhesive wear
(b) Conventional chain type testing

(b-1) Macro (b-2) Scratch wear

Fig. 17. Wear surface of the pin. (Online version in color.)
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Fig. 18. Wear surface of the bush. (Online version in color.)
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(a-2)

(a-1) (a-2) (a-3) (a-3)
=Fig.5(a-1) =Fig.5(a-2) =Fig.5(a-3) ﬂ‘ : Sliding direction of surface

@ : Contact point between (a-1) and (a-3)

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

(O-1)-(b-3)

Bush

(b-1) ©-2)
> . M (N
& = ()5
©h P b b3 o )
=Fig.5(b-1) =Fig.5(b-2) =Fig.5(b-3) ﬂ‘ : Sliding direction of surface
@ : Contact point between (b-1) and (b-3)
(b) Sprocket driven state causing uni-directional friction for Pin

Fig. Al. Real roller chain under uni-directional friction between the
driving state and the driven state. (Online version in color.)
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(1-6) 1)

S

©)]
4} : Sliding direction of surface
@ : Contact point between (1) and (5)

Fig. A2. Newly developed wear testing machine under
reciprocating friction for 1 cycle. (Online version in color.)



