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Some Methods of Improvement of Dynamic Characteristics

of Planetary Gears

Teruaki HIDAKA, Takeshi ISHIDA,

Tokuhisa OKADA, and Takuichi HABIRO

Abstract

Although planetary gears used in an industrial region have load equalizing mechanisms in order to equalize

distributed loads on planet gears each other,those mechanisms may be uneffective dynamically in some cases.

In this report, the face bearing patterns,the load distributions on planet gears and the dynamic loads on a sun
gear in some types of planetary gears have been measured by strain gages in order to obtain an tasy method
of improving the dynamic characteristics of planetary gears. The planetary gears used in the experiment are

those with non—crowned planet gears,those with crowned planet gears and those with either the movable
internal gear or the movable sun gear. Consequently results are as follows. Although using crowned planet
gears is effective for decreasing the maximum fillet stress owing to improvement of the face bearing patterns,
whichis uneffective for both equalizing the distributed loads on planet gears each other and decreasing the
dynamic load. On the other hand,moving either the internal gear or the sun gear,which is a comparatively
easy method, is effective for both decreasing the maximum fillet stress and the dynamic load and equalizing

the distributed loads on planet gears.
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Tablel Dimensions and accuracies of planetary gears used
Sun gear Planet gear Ring gear
P1 P2
S1 S2 R1 R2
PL1| Pl2| PL3 | PIL | P2 ]| Pl3
Number of teeth 18 31 31 81
Radius of piteh ¢i7ele 20.250 34.875 34.875 91,125
Face width (mm) 28.0 34.0 34.0 28.0
Material S CM822 SCM822 SCM &2 SCM 435
Single pitch erro
mete o e(r Jr 2.000) | 6.4(2) | 4.401)| 2.6(0) | 4.4(1) | 4.8(1)| 3.3(0) | 3.3(0) 10.0(3)
“m
Pitch variation (#m) — ] 8.0(2) ] 6.0(1) | 4.000) |7.0(2) | 5.0(1)| 4.000)} 4.0(0) 16.0(4)
Accumulative pitch
— |21.2(2) || 15.2(0) | 4.0(0) | 5.2(0) |26.2(2) |14.1(0) |15.1(0) 39.0(3)
error (tm)
Tooth profile error
(em) 4.000) | 7.002) | 7.0(2)| 7.0(2) | 4.000) | 7.0(2) | 4.0(0) | 4.5(0) 8.0(3)
(#m
Lead error (#m) 3.0(0) | 3.000) | 3.000) | 2.0(0) | 3.000) | 2.5(0) | 4.0(0) | 1.5(0) 6.0(1)
Run out (#m) 10.0(0) |19.0(2) 0(0) | 7.0(0) | 6.0(0) |18.0(2) | 8.0(0) [13.0(0) 31.0(3)
Amount of crowning
. 0 0 15 0
(#m)
Normal backlash
0.04 0.201 0.197 0.194 0.201 0.197 0.194 —_—
(mm)
Addendum modification
+0.30 40,11 +0.11 +0.09
coefficient
Module 2.25 Pressure angle 20° Whole depth (mm) 5.06
; Speed ratio 5.5 Material of planet carrier | FCD50
Numbers in the brackets are the grade for JIS
Sun gear Be2MNGS A o S R2IEM 2 1R $ & 5 N B A 5 2 FLRE St /S
E’_‘ ER =t \“} NOGEE - 412 3 KT T 0 2 SEHLITA 5 &
XK Pf * JIZONEEMIL 26D THS.

27 J }_45 I 54 100 82 [ 146 %%ﬁm%ﬁ{j\ﬂ"%ﬁi ﬁ‘ﬁifpﬁ‘?, kﬁ%fﬁ%mi‘j%ﬁ(fcl
018 18 | SVTIE, S1OKMEES M, #2ATKHELL
Fig. 1 Support of sun gear BEE Bearing support, Rl EL S

Elastic support, S2DKMBEEALH WA L x %
% ‘ZOOLL Tmm Floating support: XHIL, F 7, WEAKHEIZIO>WVWT
AEVWEE X AN l, P2&2HWwAL X

v X, P1 %M & & % Norma = H Lx &
= Crowning& L, WHEEIZODWTIZRI 2wk & &
% Normal, R2 #fl\ 72 & & #Improved?® & 7 121X

4 ML CaRL 2.

II hnd 1/

3. KBFHE
WERARBEEDOMAARTLOLLT, EHY-VIR
R|ng gear Casing R L KM HENOMER Y, WEAMFHECHHL, &
HATFIZEIZLAE, ZhoDEOEHIZIE, K31
Fig. 2 Improvement of ring gear MRE &I, KBEEORITHERO KRR T HREN
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(ig=No18)
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direction
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(b) For load distribution and dynamic load

Fig. 3 Positions of strain gages on the
fillet of sun gear tooth
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Static tooth load : 32.6 hN(330 Kgt)
Plus-torque and Plus-rotation (Reduction)
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Fig. 4 Example of fillet strains at 452 rpm
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Sun gear : Bearing support Static tooth load : 32.6 hN (330Kgf)
Planet gear : Normal Plus -torque and plus-rotation (Reduction)
Ring gear : Normal Speed of sun gear: 452 rpm
T mg [ T T T T - T -
4.4° - 17_71 31.1° (64.4°%) (57.7°*) (710°) 84.4° 97.7* (111.1*)
06 30
04 20
02 1-0 /\\.“
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0 o} J 1
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0.2["'_\1 0
L], /|
H.S LS
Fig. 5 (a)
Sun gear . Bearing support Static tooth load : 32.6hN ( 330Kgf)
Planet gear : Crowned Plus- torque and plus-rotation ( Reduction)
Ring gear : Normal Speed of sun gear : 452 rpm
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Fig. 5 (b)
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Sun gear . Bearing support Static tooth load | 326hN (330 Kgf)
P!anet gear I Crowned Plus-torque and plus-rotation (Reduction )}
Ring gear . Improved Speed of sun gear : 452 rpm
. mé e v T
%1 4h 177 *) 77 . 77° e
04 120 [ [ (a4 } [ (51 7 | T" ] L 27 | (HI!J )
Q2F \ 1.0 f L /\
VAR | | | | A
HS LS
GR r mE + - -
(12447 (13729 osey | [ @7 ] 23
04F ’ ( [
02 1.0 1 ] 1 j
o} 0
H.S LS
GR—T— T
& s | ™ (25777 64 (3511°)
o4t 20 1 1t ’ g {
m\\ 1.0 1 1 ‘ VTa
OE—M&O
Fig. 5 (¢)
Sun gear Elastic support Slatic tooth toad : 326 hN ( 330 Kgt )
Plnet gear Normal Plus - torque and plus-rotation ( Reduction )
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Sun gear . Floating support Static tooth lcad : 32.6 hN (330 Kgt)

Planet gear : Normal Plus -torque and plus-rotation ( Reduction )

Ring gear : Normat Speed of sun gear : 452 pm
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Fig. 5 (e)

Fig. 5 Fillet stress distributions at revolution position of planet carrier (is=18)
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] Sun gear : Bearing sy t
Ring gear : Normal Planet gear : Crowngd Peer
Planet gear: Normal Ring gear : Normal
Static tooth load : 326 hN(330 Kgf)
Plus-torque and plus-rotation Plus-torque and plus-rotation (Reduction)
Speed of sun gear:452 rpm .\‘120
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Fig. 7 (b)
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ndCSear | oo supeor Planel gear . crounda ™7
Ring geéar : Normal Ring gear : Improved
Static tooth load : 32.6 hN (330 Kgt ) Static tooth load : 326 hN (330 Kgf)
Plus-torque and plus-rotation (Reduction) ., Plus-torque and plus-rotation (Reduction)
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Sun gear : Elastic support
Planet gear: Normal
Ring gear : Norma
Static tooth load : 325hN(330 Kgf)
Plus-torque and plus-rotation (Reduction)
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0 500 1000 1500 2000 2500 3000
Speed of sun gear rpm
Fig. 7 (4d)
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Sun gear : Floating support
Planet gear : Normal
Ring gear :Normal
Static tooth load : 32.6 hN (330 Kaf )
Plas-torque and plus-ro(aluon(Reduchon)
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Fig. 7 (e)

Fig. 7 Mean value and coefficient of variation of load distribution rate vs.

mesh frequency (is=No. 1,
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Sun gear :Bearing support
Planet gear :Normal
Ring gear :Normal

Load distribution rate®,

Sun gear :Elastic support
Planet gear :Normal
Ring gear :Normal

Load distribution rate*s

Sun gear  :Floating support
Planet gear : Normal
Ring gear :Normal

Revolution angle of planet carrier

=

e
.-~\O »/“1

Load distribution rate %

480° 600 720°
Revolution angle of planet carrier

Fig. 8 lLoad distribution rates of planet gears at 452 rpm
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Sun gear : Bearing support
Planet gear : ned
Ring gear : Improved —o- No
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12
v
€ 4
] § - L O == J o
§3 10 e - ~y
c
E -]
$30s
0
X ]
18 A —
B0 g o
O] ;
ERT u__d?_\_{ \\]
14
§5 12 ]&
58 0" p/o\l
?v N / —O|
<310 o]
Q ° hY
T A, i
55 8 .” 4 R ." ‘l—/"\
= - PR IS
° \ ¢ A
8> A |k A
0o 6 \ P Do N
NS oo 4
X
4] 100 200 300 400 500 600 700
’ Mesh frequency Hz
0 500 1000 1500 2000 2500 3000
Speed of sun gear rpm
Fig. 9 (c)
Sun gear :Elastic support -~O- NO1
Planet gear:Normal --NO 7
Ring gear ‘Normal -&- NO13
Static tooth load : 326 hN ( 330Kgf)
Plus torque and pius rotation { Reduction )
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Fig. 9 (d)
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Sun gear :Floating support —O- No.!

Pl.anel gear : Normal -0~ No.7

Ring gear : Normal

Static tooth load :32.6 hN ( 330Kgt) -4~ No.13
Plus- torque and plus - rotation ( Reduction )
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Fig. 9 (e)

Fig. 9 Mean value and coefficient of varia-
tion of dynamic load factor vs, mesh
frequency (is=No.1, 7, 13)
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