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Gate-lifting devices in small- to mid-sized sluice gates mostly employ the
mechanical roller rack pinion (RRP) system. This RRP system, which consists of
a rack-bar and a pinion, transforms a rotation motion into a linear one. The
rack-bar has a series of roller trains that mesh with the pinion. In this study, we
adopt an exact involute-trochoid tooth profile of the pinion to obtain a higher
contact fatigue strength using the profile modification coefficient. Further, we
determine the contact forces and investigate Hertz contact stresses to predict the
pitting life of the pinion according to varying the shape design parameters. The
results indicate that the design fatigue life of an RRP system for sluice gate can
be achieved only when the design value of the profile modification coefficient
reaches or exceeds a certain level.
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Fig. 2 Design parameters for pinion profile design

ez

Fie_n_view Oms 1o
D@E s n0 8T

Fig. 3 Simulation program: “RnP V2”

_ 2w G
o N (a2 2 ©
22 FHAAS MANSS T2
o] S Ao RRP A28 SIUQl XES 2usp]
FeliM= A ‘:'173‘% S HHRZRl XA A]io] A

olof sfel, web o
Al 8431 270
ol £ ATAHE B8 Jlof WAUZ S
£ 9131 e Rup V2 A 230G olg3tel XA
A% +93Tk Y TRIW(Fig. 3 IS YRS} 5
7} @ sjulol 5o} lom B v M) HE 24O,
2 A7} o) FAAES: Sfof BEA o] Gl ZBAE M
7 FsehEs stk & ABU0)H 715-S ol g3t} Ao
A AIldde] $ES UG FE ook ol w1 o ol
49¢ ol A% AAE U A
Q el Agelel 4§ CAD Z2IHol B THeES
3L, o] F CAME BEH B3 A /3= $
% s,

TYL A g A 29

1 23]

= -

YL lisp(list processing) I}
&t
2 5 s



Journal of the Korean Society of Manufacturing Technology Engineers 26:3 (2017) 299~305

)||

3. 8%

(=]
38

(equal mesh Stlfﬁ’leSS)J/]' 74 % (statically indeterminate) =4

H2E Ssfo] vt o] 24T 5 o

in"i

F; - > (7:2172737"'7”) (4)
D10
k=1
o714 1. & BRIE B, & U 27 Alo]9] 7] HENA
£ oujsin Z7ke tea 2.
—Nmcose; (0=<o; < g)
b= 5)
0 (lﬁ a; < )
2
nZQ[ﬂ}-’—l (6)

714 [ 1= vFE=WIR) T4 (floor function)E 2] ST
Uiz A A 7] n o] E5 ) HEAANA i-HA =2

o 9137 0, = vt o] 2AT + Sl
+1

0i=(” ﬂ)eﬁqs %)
4714 0, 3A 347, ¢ = dFo] FAHL Yol AHEdhs T
A9 U FHzkS vepdct,

21 3)9] UL FEW, 4 (4)E B3 ARE A5 e
AGMA 451 0 & o1 83te] A o] WA o)) A&
MM Hertz 5832 thadt 2o] AAT = ok

Fig. 4 Outline for contact force determination

301

“ VR

714 K & BA 31538 A9(corrected load-stress factor)!”!
ojm 1jrﬁ-‘ﬂr 2.

®)

()

ol £ = AGMA A BAA(fully corrected factor, n,)E W
P 1A HE3S, R w2 99 A 2 HEHeAAY 571
ZEWE, L2 FUYAY o] Fface width)S 2|3tk

4. 2ot &4
RRP 2] 4552 S48 135 93] 49 A79d
SR ¥ 9 AL S FT3le] Table 19} 2] AP

O
=

Hslol] w2 3714 FPHEAAAL S TEEdh a8a
=3-2/8, 1<3<2) 14, 1.5, 1.6 11&3}o] XAl
B)=1.25, 1.33, 1.43°0.2 AA3I4 = E8 277
Ee(®)9 A4 B 9AA 71E AU o o]

A uf 7P ol FAR1 AN S WGt ¢ =r/2=1.5719] %t

o
N

i
alch

3

€

rlr

Q
o

-

Mo oft > r% do
Oi
>

2% $RY A BE 0.3 m/min (5 mm/sec) ] PUEEE
SHHEZ o]E FE NAEER, & HY3s2 =20 ton
(19.62 kN)9] &8 $E& £ =& M= w33k o] 3
A&EEE 183 IJYA A 5 (w)E 9F 0.758 rpmel] 3
gtk 221 0 48 8 PEAR 92E FHo| nEn
£ 7H sl ket ol 9 Ea g 23 % k. &

Table 1 Pinion shape design parameters
Parameters Values
Module, m 14 (mm)
No. of pinion teeth, /V 9
Roller diameter coefficient, C, 1.571
Profile modification coefficient, = 0.1, 0.2, 0.3
Addendum extension factor, 3 1.25, 1.33, 1.43
Face width, L 35 (mm)
Table 2 Parameters for RRP system analysis
Parameters Values
Input torque, 77, 1,236 (N'm)
AGMA elastic coefficient, C, 187.6 (MPa'?)
AGMA full correction factor, n, 13
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Fig. 9 Contact forces distribution when z=0.2
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Table 3 Pitting life prediction parameters of pinion

Analysis parameters Values

Brinell hardness, Hj 425
Contact fatigue strength, S, 1,261 (MPa)
AGMA life exponent, a'® 18.18

Required service life 10,000 (cycles)

Table 4 Pitting life (/V,) variation according to x

z (0.) . (MPa) | N (cycles) | Satisfactory ?
0.10 2,038.6 1,617 No
0.15 1,926.0 4,543 No
0.20 1,856.8 8,836 No
0.25 1,814.3 13,454 Yes
0.30 1,785.4 18,023 Yes
N, = ( S | %107 (cycles) (11)
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