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A Study of the Efficiency of the Planetary Gear Mechanism
Applying the Mechanical Paradox Internal Gear

By Muneharu MOROZUMI

In this paper the efficiency formulas of 2K-H type and 3K type planetary gear
mechanisms applying the mechanical paradox internal gear are treated, and the
efficiency formulas of these planetary gear mechanisms are obtained.

And then the trial constructions of compact 2K-H type and 3K type planefary
gears with reduction ratios of 1:25 and 1:100 are done respectively, and the per-
formance tests of the constructed reduction gears are carried out.

In this performance tests, these reduction gears showed a considerably high
efficiency, and it can be seen that the experimental values agree well with the theo-

retical results.
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Fig.. 1 2K Type Planetary Gear applying the Mechanical Paradox Internal Gear
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Table 1, Solution by Tabulation
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Step no. Gear C Gear P Gear B Arm A
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Table 2 Speed Ratio and Efficiency Formulas for 2K Type Planetary
Gear applying the Mechanical Paradox Internal gear
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Fig. 2 3K Type Planetary Gear applying the Mechanical

Paradox Internal Gear

Table 3 Speed Ratio and Efficiency Formulas for 3K Type Planetary
Gear applying the Mechanical Paradox Internal Gear

1<iol=75), 0l (=729 <1

~

1! (=T i)

Type Driver|Follower |Fixed Speed ratio Efficiency
B D C
peloo_do-1 | nana(14n,naie) (1-if)
(Opposies aiwoction | * Co0f |TTURIOILLLY
» | 8 | ¢
u=Reoii(Idie) | MM (MaNenid) (144e)
Increased . ne is-1 (1-17) (n,n,*+1,)
Ze>Lp (Opposite direction)
B C b
¢ b | | s
u=he 1-do _(1+n,msil ) (1-i,)
Lan) (same” direction) me 1417 VT (T, 1)
7 3
L
C l B I D
b Increased u'm"%”: ,FTL,TLngleT.LaS%JJ (“i:g
n e ne 1-1, n.n -iy i
(Same direction) 22 i
C ! D ‘ B Ly
Reduced =m=iié_,_: n=La(MNatio) (1+is”)
uce + i,
- (Same direction) e e (1+1.)(l+r1171’1,)
D ! C l B
1 4 ' =n_¢=__..§+i° ,L_n&r%z_(n)ﬂ(tiﬁio’) (1+is)
ncrease n, 1 . +1 +n ., 1
(Same direction) ? i£*1° R

Iy =

_];‘1— 017/2i0__
1-+14p °

Zc

Rl 1<il=2)

Zp

(11)



6 WO o
2 (e L TirgE2 b

B (12)
A 1p

_ el — o) (13)

CT L — papate’
. Z
L o<m%:3}»<1
C
ZhEh
_— _ Mo _ 74 np iy — 1
e s CI A O (14)

9= 7y x 7, = 2L i) (1 — ) (15)

(1 + 4o) (1 — panaio’)

oL UTARBEEEY G 3 KR WEREOWIL L HRgI RO E LTS
w1,

4 BEREA AU a— FPEEOMBNEHE

WHEEC ST LENHEK E LT, (DEEOEEHRK, 2 s2iR%k, G)EEihos
LAY, PELZORDA, KRR URETmO» QABRYE LW S
T DB AT IS O Y E O R B4, SR BEREL L FZRA OB bh S
L5 lic, £ LT REERREBRBIC I U TN, BINREDORE VT H#HTE O
BEREERT XD D EE L . WIEOBEEEAY T 5 L lE O BERAR AL LE LT
D25, S OWEOBEGINY, B0 0 EE S EoMmMT o TR L, Wil
MEOWINE ELEHTEMES D, Lxbhd B X - TEERIE LTS 2
LA S ERTVAEDD, D D IFH DR HVEERRT, W2 BoMOEN D Ll
DEDDMEHLRIC L > TET DD TH D, AREHICIT B 2B B\ LB 5
BEEREDE 2 Dh b d, 22T, Th GREEERIOESHE L U TOVEEBEEGRR
B TR\ RE EIT 5. BA VA Y o — FMEED 2B IR 71T
WRICE DEHET A EXTERY, b, EHHEOENY Z, HHEORKEY Z
EL, BARBVEE S, HFIDLADGRE &, FEENADVCELY & LTHLE, 1
e(=e+&)<2 OLEDFHNRZD IR

£

i 1 .
=1~ /,UT(Z -+ Z)(812 4 &7+ 1 — & — &), (16)
forEL

Zy
2

& = (tan ags — tan ay,s),



PRI M el TR D AR B 5 B 7

’—1
&y = ——(tan ag; — tan «
o ( K1 12),
COS gy = s
K1 = 73—
dyt” (17)
COS dgs = g2
K2 —
dK2 ’
1 ( Sn )
X1+ Xp +
) ) + 9tan ! ? Zsinwe \ m
inv ag,s = Invae ac
’ Zy + Zy

DB, a1, der, dry BIO xa, dee, dis IR T KT B X OREE S O iRAL
TREr, APEMER, @WAEMERETS. FLTa WIEENA, an iridWEHA
THY, My . —n, SulliBii v 75 o ¥ ThbH. DFREEZ o =4 vl
B Ze ORI DB D - CHEEL RIS L EOEMI VEY o — FREEDOHL
HOHRVIRRIC L VEF SRS, (KL, 1<e<2 DBh

1

L «
ﬂ:1—;&7?<Z—2;)(812+522+1'—51—52). (18)

fefe L

2y
& = om (tan ay,g — tan ags),

Zy
& = ——(tan ag; — tan a,g),

2z
dgi
COS gy = » (19)
dii
_ de
COS aj(Z - d >
K2

1 ( S7l )
Xg — Xy — =
Zsinac \ m

Zg'-Z1

inv ag,e = invae + 2tanac

5 BRELATEZWELSHEO K TY:5E 2 s Ei
& 2K-H B 555 5 B B 48
AT S ISR IE L E 3 2 Tl B i, REEEEL G
M L7 3 KEGE R #daE & 2 K-HB RN E S 3UE L. RESEELHO 3K
TR EME AT 50y, FRBEMONSH CRLEMNEL D X 5 )iE
B A O CEBEOBRMAREZHE Ll 53, LA Bz
GHICEEL CHLT B 7dic, h BRI 270 b ORSTAHES R e Lis




[T
Table 4 Calculated Results for the Tooth Design and the Machining
Design of the Reduction Gear built as a Trial
Module m = 2, Tool pressure angle ac = 20°
= —
Lo \\\\G\eéil‘\ Spur Spur Internal Internal cPlll?tlth;
Number of teeth Z,=24 Z;=25 Zy=72 Z,=175 Zc=38
Coefficient of _ _ _ _ _
profile shift %,=0.0191 | =0.1671| x,=1.705 xy=0 x,=0,0775
Center distance as _ — —
standard gear, mm @i=49, ayo=47, az0=50
Design center = o = s, =49, 50
distance, mm oAz = An =49,
Outside dia, mm 52,3316 54, 6938 145, 6684 145, 6684 81,428
Root dia. mm 43,0765 45, 6684 154. 6938 155,1149
Height of tooth, mm 4,628 4,513 4,513 4,723
Face width, mm 54 50 24 24
Normal backlash, mm 0.1
Contact ratio e10=1,541, £33=1.589, gpy=1,897
Z¥72 7275
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Fig., 3 Assembly Drawing of 3K Type Planetary Gear built as a Trial
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Fig. 4 3K Type Planetary Gear built as a Trial

Fig, 5 Inside View of 3K Type Planetary Gears built as a Trial
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Table 5 Dimensions and Accuracy of Gears
Class : Quality number
Unit of accuracy : pm

Gear External Planet gears Internal Internal
Ttem sun gear 1 2 3 sun gear | sun gear

Tooth profile Involute spur gear

Module 2

Pressure angle 20°

Number of teeth 24 25 72 75
Face width, mm 24 20 24 24
Coefficient of 0.0191 0.1671 1.705 0

profile shift

Single pitch error |11(Class 4)|14(Class 4)|10(Class 3)| 9(Class 3)|11(Class 3) | 11(Class 3)

Pitch variation 12(Class 3) | 17(Class 4) | 13(Class 4) | 9(Class 3) |17(Class 4) | 14(Class 3)

Accumulative pitch | oy Class 2) | 59(Class 4) | 23(Class 2) | 26(Class 2) | 53(Class 4) | 44(Class 3)

Tooth profile error |19(Class 5) | 21(Class 5) | 21(Class 5) | 20(Class 5) | 14(Class 4) { 15(Class 4)

Lead error 12(Class 3) | 14(Class 4) | 14(Class 4) | 10(Class 3) | 13(Class 4) | 12(Class 3)

Runout 7(Class 0) | 20(Class 2) | 12(Class 1) | 11(Class 1) | 23(Class 2) | 41(Class 4)

Diameter of Measuring wire for runout, d=3,5mm, 4mm, 5mm (for external gear)
Diameter of Measuring wire for runout, d=3,5mm, 4mm (for internal gear)
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Fig, 6 Measuring Device of Efficiency
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