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On the Speed-Ratio and the Efficiency Formulas
for the Combined Planetary Gear Systems

1st Report, Combined Planetary Gear Systems Composed
of a Pair of Simple Planetary Gears with Ring Gear

Muneharu MoOROZUMI

In this paper the speed-ratio and the efficiency formulas for the combined planetary
gear systems composed of a pair of simple planetary gears with ring gear are treated.

By the analytical method, it is clarified that the transmitted power in the com-
bined planetary transmissions can be split, or else a great circulation of power may
occur,

As the result of it, the speed-ratio and the efficiency formulas for these combined
planetary gear systems are obtained,

To calculate the efficiency of the combined planetary gears, these formulas require
only the knowledge of the number of teeth and the efficiency of the stationary gear

trains.
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Table 1 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Circulation

Power Circulation

i

c ¢l i .
I Combination

Ib bI a—a’
s a | 7 s c— ¢’

Driver| Follower | Fixed

Speed Ratio

Efficiency of Combined Planetary Gears

4

Ws' _ ZalZd' ~ZdZc
Wa  Ze(Zatid)

< Al 2o 2) (ZaZe ~Ta'Zc)
(Z“I+Z¢I) (Zazt:’"%:l Za’ Zc )

a s s
Reduced
(Opposite direction)
c I s’/ | s
/ Reduced

PP
Lo Ze< La Zc (Same direction)

ws' =Zchl -Za Ze
We Za (Z4+2)

n (T 24+2¢) (ZaZe-Ta'le)
(Zal"'zt‘l) (ch Zc,— 7:.Zalzt)

s ! a’ 1 s’ . . 2 .
i _wa'_ Ze (Zat+le) (2a%2) (To2aZc-24"2e)
(Saménggigzigon) s 202 ~Zalc 1 P (L2a®,%2c) (L2872 2 )
s [ c’/ { s 7 , 2
Increased u=%e —~;“§?f;zz) 1 =(Za+Zc)(VoZaZcd-Za'0¢c)
(Opposite direction) s @ fe fabe (Za7,*2e) (Zald-2Z/Zc)
a l s/ l s - ) ; ; ; ;
s’ _ZaZe ~Zale _(Za+Te2c)(Zale-Zale)
(SameRggggiiion) Yoe T2 (2420) g (Zo+28) (Ll Zemp22ule)
c ] s’ | s P , . , ; ;
! - i _M__ZaZc"Za Z< - ’L(Z;ﬁ-’Za Ze) (Za Ze -Z0lc)
Lo Zc> Z,;( Z e Reduced u-mc— Za (sz +Zc‘,")— 7[ (Za"“‘zc,) (Za/ 7o _7[‘,1202:/)

(Opposite direction)

(Same direction)

s | a’ | s/ , , - C 3.7
—Wa =_ZC Zatle ___(Za‘*‘AC)(Zch‘% ZaZc)
(Oppoggizegiiiction) s T TR 1 N, (Zat7,2e) (Zale-2dlc)
s [ c’ j s/ S L .
= e’ _Za(Za*le _(Za+Ze)(Zale-ToZa Zc)
Increased u ws 17e-Tale 1 m(Zq+752c)(Zazé-Z;Zc)

IS 1

R 7 WEO RN

)

G TEEH

6e1



Table 2 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Circulation
Power Circulation
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Table 3 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Circulation

Power Circulation
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Table 4 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Circulation

Power Circulation
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Table 5 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Circulation

Power Circulation
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Table 6 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Circulation

Power Circulation
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Table 7 Speed Ratio and Efficiency For Combined Planetary Gears with Power Circulation

Power Circulation
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Power Circulation

Table 8 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Clrculation
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2 bhb. ZToTIOEBHEREY, 2EOILE 200G EERBELEENLLS D
DEEZD. ThbbF+ VY SEEEL, HHEeE wa LHEEECEE IS, 20
awT Nu BB HE ANRTR T, HECH we /5 AEECHEEI®S X 578 LR
EEEEER L, HECRYETL, HHE O we b HEEETEE XS, 72D a il Nig it
BENEANTR ST, F vV ¥ s%h ws 5 EHEETEESE 58 2 lRoEEREEE
PO BHEELD., WEEBEA~DANE Niy, AFJ A 2% T &35 L REAPET5

Ni = Tiwa = Ti(War + Was) = Niy + Nis.
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el (PR Q)
Ni1 = ,[Z)alNz, (37>
a
Nig = 22N, (38)
a

BN EEEEEE

S z N
ws=0 THBHH, KBVLY war = —wer— TH,
. a
2z’
U I,
Nll ZaZa' + Za'zc + zezd! Ni. (39)
EIRSEEHEEEE
wC:O "Cjﬁ%ﬁ\ rO; K(BZ)I D Wao — w5<1 + zc‘ )“C;’i\. D
a
Zaza' -+ Za’Zc
fo = 7.
Nlu Zaza' + 24'2¢ ¢ ez’ Ni (40)
H(39) &£(40) X H
Ni° ZaZa’ -+ Za/Zc
2 _ _RaZa T Za Zc 0.
Niy Zezc! >

El o - ] \
ement]  Element [ BN ERETI, B EnB. FLT

b= N
BRIOX + ) v sEETELLE LS EE
N {N_,,, LIRS R HEEETIL, anb ITAV -7 AT Ni
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TN, s lc' N }N Wenh N bt TEZETID ¢ KAWD,
N e (SNa) ¢! B Noy 7B M A E e - THB. Lieht
Fig, 5 Power Division o> TRED LT 5.
Noy = ToNi1" = 7o°Niy. (41)
[rde
T oZZch'

Noy = Ni. (42)
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Table 9 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Division

Power Division

c
b

1.
i

Combination

C—a’

S -’

Driver | Follower | Fixed Speed Ratio Efficiency of Combined Planetary Gears
a a’ s’ . , , , )
Wa ZaZec M. (Za Za'+Zc Ze +¥%. ZaZd
Reduced u=-—_= =- T T R/ Tr T ;
(Opposite direction) Wa  ZalatZdZe*lels Zala*laZetle Le
a [ c’ | s’ . ,
We Zalea 2 ' ,
Reduced U=~ S, M0ZeZe 470 (ZatToZe)
(Same direction) Wa Zala+Zdle¥Z L | 7= ZalavZlale+lecld
c l s ’ i a ‘ , . , N , c: 1 . sy .
Reduced Ws' _Za ZatZaZe +Zc Ze qz(Z“(ZGZR+ZqZ<+ZcZ Y(ToZatZe ) (NoZatZc) (Za* TZc)

(Same direction)

U= T(ZatZe) (Za+Zd)

+7 ) Latlc) (2cZellat o) ¥ Lo (faZatl) (TaZatle)}

s l s 7 , a

Thereased e 85 _ZaZe* 7'l ¥ 2 T 7= (M Za* 7)) (Za* o2l ) (Zo Za4Za'Ze +Z e L )
(Same direction) Ws  ZdZe*Zele (T2 ) 2 (Tt 1.2 ) (L Za* L)+ 1,202 (Za4 1,280 }
at Lo 1 o7  ue meronien g = LlLaZ 242 +2:20)
(Opposite direction) Wa Zadd 7 (Zala+ZlcZe')*2d e
o |Incr2ased| = e e ZalelalotZeld |, Po(ZaZa+2Tc +2c Zc')
(Same direction ) we Zala' 177 e+ TZa (1 2a*2e)
s 7| — | a e (ZatZe) (Za*Zd) | o To(ZatZe) (Za*2) { Mo (ToZa"* D) Ze B4 (L #7002 (Zat ToZe) 2o}
(Sam£c£§§Z§tion) e A Ay a2 I (2t ToZ ) (Zat ToZe) (Mo 2u*28) (Lalatlale vZeld)
s’ ’ 4 _ (Zar2) {2 2 (M ZatZe )4 (24 02 ) (TaZatle) Tal

s
Reduced
(Same direction)

_ Ws Zc{ZaI*‘Zc’
u=-22

Ws' Za Zetla Zo ¥Ze Ze

1

(Za+ 12) (o 2ot 2e) (Zalat L Le ¥ L)

QO 2 MEQEGEHEE

g
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Table 10 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Division

Power Division
;

w
T )
il
& letel

Combination

a-—a’
¢c—s’

(same direction)

WS Lol + 29 24 *0d Ze

Driver | Follower | Fixed Speed Ratio Efficiency of Combined Planctary Gears
o el 5 w2040 2 dEe (22 Lt 4242 )
(Opposite direction) Wa 2 o2+ N, (Zald+Z3Zc )
c I c’ I S . . P 2 ; /
- _ W _ZaZi+ZaZatZale T (7ald +7n 7 v a7 )

In_creasgd T A A n = a+’Z 2 (‘(ZC’H;Z')

(Same direction) aletola(Zatr, L
7 ’

s | Incieasedl < u=e' _(ZatZe) (Zo+7e n (20428 ) (Za+Ze ) (PU2TaZs Te + Mo 2a 28+ N 7 24+ 20 Ze + To Za T 28)
(Same direction) Ws  ZaZla+Zold*ZdZe (ZaZd+2a2é+2dlc ) (207, v28) (Za* 0.2 ) (o Za ¥ 1c)
s ] . s’ l c’ , Ta7d4727 To(Za+2e ) ZdZe (Z0lo+7e) + 70 (ZatTe L Z'+7[Z/)}

Reduced u=-2 alatZa lc 7Z=°(“ M 24Zc (2aMo+2c)+7a(Za+Tole) (Zat Yole

(Za+7,2¢)(Zale vZe ) (Zala+Zald +24Zc )

<’ |

a S ' ' ’
o = Wa Ze L _ 70 (70 Zalatlale *lale )
(Oppos?igugggection) W' Zald+Zile +La T 1 2o la v 2glc+2ulc
g C S ’ 2 1 ' N
T sl o Zald 242+ Mo LalwtTaZe
(Salllcl{g?ge&c’%ion) W T zivi, 20 e | Zala*Zald +Za'le
4 7 - -
s | Rechsxced ' . u:—w—j =Z'L'Z° +Z”‘(Z“I+ZC,) 7l - (ZAZ«""Z&IZA: +ZaZc’)(7ZnZA+Zc)(Za,+ 7/0 Zc)(za""[azg)
(Same direction) we  (ZatZc) (Zd4+Z7) (Za+2c) (ZA+ZdI1 ZdZe (Zat 1o Ze)*Za( UoZatZlc) (La* 7,2d)}
s’ f S ] c’

Increased
(Same direction)

s =Za. Za'+Za 2 +7a Ze

u=— ;
ws Zalatlsle

N - Mo(Zala+ZaZe+lale) (Zalo +Ze) (ZotheZe)
(Zq+zc){7Zo(z°'+ YDZC)ZxIZc*‘za(Z‘Q’[u +ZC) (24‘7(0+Z¢')}

0S1

o

&h;
“F



Table 11 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Division

Power Division

c ] 1c’
b = Combination
a T s 1 S a’
— c—c’
Driver | Follower| Fixed Speed Ratio Efficiency of Combined Planetary Gears
a a’ s’ . , Py ,
a Za Zc DoZ2alctZe(ZatTeZe)
Reduced us Lo LB | )] = s ;
(Same direction) Wa Zale +ZdZe +Lcld Zald*%ale +2. Ze
a 1 c’ l s’ , , - ,
< —Zo Za TZ-(ZaZ:+ZnZC+7luZ<Zc)
Reduced us Lo o8 ln n = S -
(Opposit direction) Wa Za Zd *Za e *Zle Lc Zaled*7lalc+lclec
c | ReToesd | e W L8le ¥ 2l v I "= (TeZa+Ze) (MoZa+2e) (Lot Pole) (Zale'+Za Ze + 2 2E)
(Same direction) we (Za+Ze) (Za'+Z<) (Za+2e) (Za*Ze ) {Zc (Za+ 7 28) (7. 0e*Ze )+ 24 Ze (L ZJ+2E)
S ' s’ ' a f ' f , ; B , , . B R
_ Zale +ZaZe +Z7c Ze Ne(ZaZc+Zale +ZeZe ) (oZa+Ze) (Zat+Tolc)
Increased u= Weobeac Zoaks —bele = et ; d ? - e
(Samendiiection) ws  Ze (Za"Z¢) 1 (ZoHZZ(La* Tole Y (Zat 1o Le Y+ 1, Lol Ze (Lo Z4+ZE) )
a’ I a | 57 . p . 2 o ,
Increased u= EE;ZiZiiéiéi;ZiZE n =;3521Z°;?}?=221§€%
(Same direction) Wa abe @ b T Lo ba e
7/ 7’
c a t s o . o - .
(Opposite direction) < a fe € fet Tt € T ha fe
= Ilncrgased[ = ue s (22 32e) (BLH2) | gy Bl ZatZe ) (2 2) (2 (2ot Lale ) (L4 L T e (204 0o Le) )

(Same direction)

Ws' Zale *La 2o +Le L2

(Zaf'*' 7s Zc‘) (Z‘l'*‘,zo ZC) (71° Zal+zc') (Zﬂ Zc'+ZaIZ¢+Zn zc’)

al
p:] s a

Reduced
(Same direction)

u= WS - Ze (Za+Z<)
ws Zale*tlle *Lc L

n

M (ZaF 2NV {2 (o Za'+2) (Mo Za+Ze )+ Lo Ze (Zat UaZc )}
- (24N L) (Mo 20+ L) (Za L+ 2 Le v L 2o)
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Table 12 Speed Ratio and Efficiency Formulas for Combined Planetary Gears with Power Division

Power Division

‘

c c
T bT S
‘;‘b E Combination
sj' ) q )
e a4 w5
L [ c~—a’
Driver| Follower| Fixed Speed Ratio Efficiency of Combined Planetary Gears
4 Inc;éased = e ZaZd YL T 4D B |y M(Za B 42 De +7c T )
(Same direction) Wa e Zor Lald+ 1,2 (244 7.2¢)
c | Inc;;asecll 2 e ToZd LT+ Ty L N2 (Tala +2aTe +2e 7<)
(Opposite direction) We Zale 2aZe* N (ZaZd+Zc L)
s | a’_ | e’ o g . ,
e (Za*2e) (2T | g - Ma(ZatZe {2 e (Mo ZatZe) (Lale +Za )+ (FoZe *Ta) Ta Za )
(same direction) Uy L L LT T 2 | | (T2 +70) O Ta 300 ) (Ta T T 2078
s ’ ’ ‘ ‘ t
= TRediced | < gt Za'(Za*Ze) n = JelZer2e) (2'+2) (2c (T 242D (Lo Batle) + ToZale (ZatZaZe) )
(Same direction) ws ZaZd*tZalctZe L< (Za#.Ze) (Tola+Zc) (MZa*Ze) (Zala +Za2c+1c L)
4
C ‘ a l S f 2 ' , '
_ wa_ 7 7¢ _l2aZa+7c (foTa*2c)
c’ —I c ’ s , , : ,
N Za Zc 1(2a Zelo +20 Za+2:2d)
Reduced u= w‘, T 7= T 7
(Opposite direction) we Lalatlaletlel Lald*Zdlerlele
2l | R ds d < = s Za Zd +Z6 Zc +2 I N = (NeZa+Ze) (ZatfeZe) (Zd+ 7o Le) (ZaZa+Za Ze +7c Ze )
(Same direction) v (T T (225 Y | b " T2 (e 26 YL (Lo 20) (Za* 1 2o ) Ze * (B, 72V 22
s 1 s c’ Za 2o+ 20 Tc +2e 2 To (Me Za+Zc) (ZatTole) (ZaZa+Zn e +2c 28 )
" Increased u=_w§ Aa_La ’rxc e Le le ° s La 3 Ialuc a La c,,,cc
(Same direction) Ws' Zald¥ldle (Za#Ze J{Ze (T Zd¥Z) (Zat L2 )+ T Lala (T, 2atlc) )
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Noy = Niy' = 71Nis. (43)

KL T BRI OF 2 ABERERECK VT, cREELT, axANM Fv
VY sEHDIUETHEEDHRTH B ML

Ze 13
Za
¢
Za

1%
7

Il

(44)
1+

Ticbb

2a'(Za + Mozc)
ZaZa' + Za'2c + zezd!

N02 =

No  Noy + Nog

Zhib = NN ELT%RRDBH E

— Yo 2cze' + Za’(Za + 77020) (46)
7 ZaZa' + 2a'zc + zeze’

PECX R4 oBAEREERBECR T F+ Vv & REELT, exEHLT
¢ BRI DL EEE, HHBHWL, EwxX(BE6)X v, & 3o X b FHE
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e B0 3 T O MRS O A5 X B0 A ARl B E IOV THEER T
U, R E RO ESR A RD, Thi 0, FLL, 2R T

4

Pl ER MR EREY 2 ¥ a6 CTHR2 B BEERERET, Tthrthofg
OBEFEDOAFIT L » TTELTRCOBAEOBEIEOWT, FoIKEEE, B,
R ETHNC LD TEHLMTSHB D OBEROWT, BHER IR ETSE
FEEELMIL, ThEROEE O & BEHEFENE RS, BohiciRayiEnsy
LT, B7EsRE 8 fH, B AOUREL 4 O 12O L oW TOM L EBED
HHEROEREER L. £ LT OHEEERL, Wi s gy v THRDEY
HET A ENTES. fok 2y OBMEREEBEYES L CHABEEREREL(ES
BEE, F 4V vREFIE LT, EBh0x v V YRETEIRDE, WhPBH
BREREEEREE LY, COBSGOELEMEOFERDL, TRUERShicFPg
FhTO5, BRCATFRCIN ISR ER BEEE, ZHERL, BRNEBROERK
CREHOBEAYELET.
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