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Equivalent Misalignment of Gears Due to Deformation
of Shafts, Bearings and Gears

Takao KOIDE
Department of Mechanical Engineering, Faculty of Engineering
Tottori University, Tottori, 680-8552 Japan
E-mail: koide@mech.tottori-u.ac.jp

Abstract: This paper describes a model for calculating the equivalent misalignment of gears due to deformations of shafts, bearings
and gears in gear box. This modeling consists of calculating the bending and torsional deformations of gear shaft considering the
bearing stiffnesses (radial and moment stiffnesses) and gear body, and a method for calculating the equivalent misalignment of gears

was obtained. The calculation program was developed using MS Visual Basic and the validity of the calculation program developed
was examined by comparing the results of this program with those presented by United States, Germany and France to the ISO TC60
WG6. This program makes Japan catch up these countries in terms of usage of ISO 6336 standard for load carrying capacity of
cylindrical involute gears in practice of international technical/industrial affairs.
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Fig.1 Calculation model of gear-shaft deflection
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Fig.2 Deflection due to F), and F|,
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l Disassembling of gear box into each combination of gear and shaft l

!}

l Calculation of plane of action of each gear pair from arrangement of gear and shaft l

l Calculation of applied load and loading position of each gear and shaft l

Calculations of bending and torsional deflections of gear (i),
shaft (), reacting force and deformation of bearing

}

l Calculation of tooth deflections along tooth width in the plane of action l

Correction of tooth
deflection by attachment
condition of gears to shafts

i=i+l
j=it

Calculation of tooth
deformation in the plane
of action of gear

Calculation of relative tooth deflection along tooth width
in the plane of action of gear pair

Correction of
bearing stiffness,
attachment condition
of gears to shafts,
etc.

Yes

Output of Fy, etc.

Fig.6 Flow chart for calculation of F,
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Fig.8 Example of output window

9800 N
V3 J/ <
I\ /

20 40 90
150

450
<

l/
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calculated deflection
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Fig.11 Sample of | stage gear reducer

Table 1 Dimensions of gears for 1 stage gear

Pinion | Gear
Normal module m, 8.0
Normal pressure angle a, 20°
Number of teeth z 14 | 59
Helix angle B 11°
Addendum
modification x 0.5317 0.4612
coefficient
Face width b 137mm 127mm
Center distance a 304.8mm
A side B side
al i 4‘5§'¥—|‘Input
A ) Ti = 1494 Nm
R §| Shaft 1
Shaft 2 QT; '
&
Output ;
‘e
Shaft 3 )

Fig.12 Sample of 2 stage gear reducer

Table 2 Dimensions of shafts for 1 stage gear

Shaft 1 Shaft 2
1 135.54mm 132.93mm
1 135.54mm 132.93mm
dg 114.300mm 146.050mm
dy 114.300mm 171.45mm
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Fig.13 Sample of 3 stage gear reducer

Table 3 Dimensions of gears for 2 stage gear reducer

High speed Low speed

Pinion | Gear Pinion | Gear
Normal module m, 4.5 6
Normal pressure angle a, 20° 20°
Number of teeth z 15 | 63 17 | 69
Helix angle B 11° 11°
Addendum modification 0.54 0.44 0.52 0.46
Face width b 78.7mm | 76.2mm 121mm 121mm
Center distance a 182.890mm 266.700mm
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o —_— —
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IS 20 b
E°]
< 7T Kon = kog = ]
K . .
Q
x 0 50 100 < mm
‘ Effective face width = 127 mm ‘
l |
Fig.14 Comparison of results for relative total
deflection between meshing tooth flanks
reported by different countries (1 stage
gear reducer)
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Table 4 Dimensions of shafts for
2 stage gear reducer

(b) Low speed

Shaft 1 Shaft 2 Shaft 3
N 59.06mm 38.59mm 104.09mm
1, 194.18mm 20.96mm 36.46mm
I8 — 32.11mm —
dg 68.76mm 88.90mm 152.40mm
dy 82.19mm 103.91mm 133.35mm
dg — 103.91mm —

25

Fig.15 Comparison of results for relative total
deflection between meshing tooth flanks
reported by different countries (2 stage
gear reducer)

Table 5 Dimensions of gears for 3 stage gear reducer

High speed Intermediate speed Low speed

Pinion | Gear Pinion | Gear Pinion | Gear
Normal module m, 7 9 11
Normal an 20° 20° 20°
pressure angle
Number of teeth  z 20 | 44 15 [ 50 15 | 63
Helix angle B 11° 12° 12°
Addendum
modification X 0.5749 0.7037 0.4086 0.2740 0.6940 1.2271
coefficient
Face width b 112mm 102mm 127mm 127mm 178mm 178mm
Center distance a 236.220mm 304.800mm 457.200mm
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Fig.16 Comparison of results for relative total
deflection between meshing tooth flanks
reported by different countries (3 stage
gear reducer)
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Fig.17 Effect of F,, on ,IKH/; and Kr, calculated
by ISO formula



goboobooboohba3rg 27

MATRRZRIE, e - TS NIcRE < RBE XIT
TOT, WEIRERGHIIEMMAMIRELBET
LMENRDLLDEZZOND.

5. EbYIc

WEORENFEEMEICBO TRERERL L
R DM R E L, WHEEXEm LV HEET D
EOET VT EERL, ELITHEIZONTO
HAEFEA 2 < T, FEMAMRELZ RS ITKRD
HILEMTEDHHET 0 7T AEBMER L.

1S0 6336 Hy HLof i FH AR A EH O 7= D1 B
E LT, 2k, M, A CHZ SRR 2R
Hoar T MIEAREARMIICEI VR L
7 r T AORERE OWRKRE 21TV, RAFFET
B LI-stE a7 7 AR+ RARETHD =
L&D, 1506336 HFEMIZ DWW T HARD H
ENAZROVRESTZENTEE

ARFZEIE, B A2 RC156 22T T 4
7t HLALE 0D 72 6D O di TR BT RS i I AR 4y
BEo#E - HFEFEHO —BRLE L TTo72b DT

bV, IS0 &kt AF, FEM, RC156 H#HE & B+t
D77 T NEICL LD, REHCE L, FaoR
20N ERT. BBREIICHEEET. K%k
EATHICHTZ0, B S BB SRR
BHERE - #E TRKRICHRT L, ES BILB L LT 5.

S5 XM

(1] /N B TS - /N A - R S N OR B = - il - iy

TR IOHEEDEIC K D MO 582
FHEETFTLVOREL 70 7T A%, B AR

SENEASTAE . 67-659, C(2001), pp. 2329-2336.
(2] B AR 2, R IEREHE R (1979), 6.
[3] JGMA402-02, (1974).

[4] AGMA218.01, (1982).

[5] 1S06336, (1995).

[6] ISO/TC60/SC2/WG6/AH3, Doc N7,
[7] 1S0/TC60/SC2/WG6/AH3, Doc N14,
[8] IS0/TC60/SC2/WG6, Doc N761,

(1999).
(1999).
(1999).

(ZH PRk 18 4F 11 /] 24 H)





