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A tooth root bending stress equation for a roller-rack and pinion (RRP) system
is presented in this paper as a solution to the problem of tooth root breakage in
a pinion jacking system based on an involute tooth profile. The bending strength
geometry factor for the RRP system was determined by the same procedure as
that for the involute tooth profile. The tooth root bending stress of the RRP
system was found to be lower than that of the involute teeth with the same
design specification. It can also be lowered by increasing the profile shift
coefficient and the number of teeth of the pinion, and by decreasing the roller
diameter coefficient. Finally, it was confirmed that the RRP system could
provide a new solution to the bending strength problem of a conventional rack
and pinion system.
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Table 1 Analysis parameters for a jacking pinion

o Values
Description
Involute | RRP
Module, m 28.578 (mm)
Normal pressure angle 30 (deg) | -
No. of pinion teeth, N 8
Roller diameter coefficient, C. - | 1.571
Profile shift coefficient, e 0.1881 Involute
Addendum extension factor, 5 - 1.3333 RRP System
Contact ratio, € 1.117 1.5
Face width, b 127.0 (mm)
Full correction factor, ny 1.0
Input torque, T, 37.5 (KN'm)
N Yr |
roller 1
roller 2
=z
roller 3
]—LTIZY
F=— (i=1,2,3,---,n) €))
[ Cam pinion | [ Roller-rack | Zli
Fig. 1 Initial position of RRP system k=t
7 1, THE B, 0L T £ Aole] 27] FEAA
Y A AIG(profile shift coefficient), T ©] Z(face width) 87 ¢, = WA 29 927 ojnlsla 77kl theal Bk
< s
Table 19] HAHAANL 7o 474 RRP Al2He] 2 meosa, (0= 0, < T ]
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RRP A| 289 232 AERE ARt} ilE(dedendum)
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ATk Wk FEAA A F YL A Aol E 7l 2lEt o [ LH%,?H—( oor ﬁlnctlon) o= HE0] T,—Z]E] 31 3] o] X]-_Q_a'].
=t} =7
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Fig. 6 Schematic for tooth form factor determination
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Fig. 7 Results of finite element analysis

Table 2 Results of tooth root equivalent stress

Fig. 8 Pinion profiles with the variation of e

Table 4 Tooth root bending stresses according to e

e Y e Y; oy, (MPa)
0.10 0.5670 1.63 0.3479 236.9
0.1881 0.6345 1.67 0.3799 214.9
0.25 0.6785 1.67 0.4063 198.8

FEA
n,=1.0 Theory | Full teeth Three teeth | One tooth
modeling modeling modeling
o, (MPa) 128.9 178.01 215.14 215.07
K, - 1.38 1.67 1.67

Table 3 Tooth root bending stress results

o, (MPa)
Involute™ RRP system
ISO 6336 AGMA 2001-D04 K;=1.67
258 242 214.9
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Fig. 9 Pinion profiles with the variation of C,

Table 5 Tooth root bending stresses according to C,

C, Y e Y; o, (MPa)
1.40 0.7734 1.79 0.4321 188.5
1.571 0.6345 1.67 0.3799 214.9
1.70 0.5411 1.59 0.3403 239.3
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pitch circles

(b) Overlapped tooth profiles
Fig. 10 Pinion profiles with the variation of NV

Table 6 Tooth root bending stress according to N

N Y K, Y o, (MPa)
7 0.5599 1.51 0.3708 243.8
8 0.6345 1.67 0.3799 214.9
9 0.6999 1.68 0.4166 177.3
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