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Torque Distribution in Combined Planetary Gear Systems

(Closed Type Differential Gear Systems Composed of
a Pair of Simple Planetary Trains with a Ring Gear)

Muneharu MoRrR0OzZUMI and Satoshi KISHI

The closed type differential gear transmission was subjected to an analysis with
a view to deriving formulas for the torque distribution on shafts, The analysis has
revealed that torque formulas may be derived by using the efficiency formula and
power flow diagram for the closed type differential gear transmission. All possible
closed type differential gear transmissions were worked out, and tabulation has been
made of the results obtained. The torque formulas obtained require as parameters
only two quantities, the number of teeth and the efficiency of stationary gear trains.
The results tabulated can be utilized safely without requiring any understanding of

the underlying theory,

2 fE O HMEE R O£ « 3 ARDIEAD 2 RFELEFHEL, 28D OF« 1RDH
Aho—Tia EEE U, o 1 ARDEAR &~ difso—I7 & ORICET) 0¥
U775 5 368 % A B AL & 00, AT R & eI R X 5 & 5
BHERECEL bR TS,

COBEAMEREESEIC I T, 2 8 o MR R R AR o di oI Ly,
Wy mdc B U C i iR A T 28 RER T % B E WA T B Bi LT
BODD, o T h bEABERERMELRIT 5B, Hon LoXOBEAHERRE
WEOBRMMBEL I X ) RD, R OVCTEIBHTLILENSD, Fhlhs
IR 2 DA R S ELEE O A FRI & B & A ERT 5 r v s OfERFIEIC X h sk

BT
PRI TR )T



28 WIS « 5 A

B, ThOWME &TEE RO T D EXNETHD. & OB IR EHENE O IR
FHARI DV TRV 2 DOBERREE I T 55, EEO—ALHOFRC LY,
2 oM EX EMER R O G b LIt A EAREREEEOBAEY, HE
HECHAATNE AL o B & UM B B R & O A bR B A E AR R
EOHED, 2 OB REER BB O LG bl 2GR RELHE DS
HBO TR B RE E R A R DT B
APFFECVL 2 B0 P AT 2 e I O A b i DT A AR R E O
Tix DFEABRXONT, SEHE LEWE40F + ) YORO—FRETEMET S, Wb
P 5 HARREIRELEOB T OVT, FEO— AN R D & O ET
PE ORI XL O OMNERR: E& V¢, SR & RS SR
Bl b v 7 OMERFIER A RS T L THREN TR SEE R AT 5Bt i A
HD RO, BB ER L ER L.
2 FARXEFEBEEEOH MLI/GFEROHFE
2.1 BHERUVARXEHEEEE
WERILIRT ZE L, 2ol EEMER R T ST (BERT, FERI L
£) EDFEARRWT, KEB/MEE A & A &R
L, KEPgECLC LeHEEL, ERIoF+ Vv

et e SHEEL, BRI OKKMAREIHE L, BRI
Ts | 8T DOF v Y Yl 8 REEEE T BT oW TERD.
J1 I COBE DML u DFER E L TRR MBI L O—
TA ﬂ' AN XD RDBRTLBY, 1221 w4, o5’ ITHHA,
ry J. ‘ J_ S OEEEEIRL, 24, 20, 24', 2¢ WHWHE A, C,
l A, C OB RS
Fig. 1 Combined Planetary Tiebb
Gear with Power Circul- , , ,
ation "= ws' _ Aafc T 2aZc ) (1)
W4 zolza' + 2¢")

T UCERT 2 KB/MRTE AY & RBBPIE C' LB T* + V) v S' 2T h
HEUMWERE LB 2, Thie KEPIRE C 2[EEL, KBIMEE A’ OADEEKC X
DF v Vv S WCHT) Now {53 55 1 ROERWELE, 5 LOKBIERE A" 2

WEEBEN OIS L FE 21, b Ny, Ne E4HT N, & OGS EED—
A I RDBER T BD,

Tichbh
z4'z
Ny = A% N, (2)
ZaRkc —Zp4Z¢
z2a2¢ k
Ny = e\ (3)



B IRHIE O b v 2 BB 29
IoTH, (2, B &D

Ny — 242’ <0

Nos z4'zc

Lighind, COEBTAMCHNIERT S C &b,
(i) zazc' >24'2c OBE
Z OYE OWEEEBORT & LTRARRD ST B0, e LSO »BEHRT
L MOFEEGRE TR 90 & T 5.

__o(meza’ + 2c")(2azc" — 24'2¢) @)
(24" + 2N zazc’ — pz4'zc)

ZLTR@), LD Nu<0, Npo>0 &icnink, BRIOE LKHIERFHRLEC S
AN (—Ny) B+ 0¥ S b MC ATELTAD, (—Ny)—S =B oA —A—
B-C—C'—B' OWfh THIERT 5 & Licind. CORORENEGOT) ORI %
H2wmdd. bbbl (—Na) 3fE B, A ‘

TIECHE A’ 2 SER T M Al Na &7 CIChin
> THiduAS, O No 3HE A, B, C#& T =V
FCHLERTOWHE C 1l Na' ko Tih . o S_M} "
. —Jjo o, AJ) N; (L##EA, B, C&ET, ) o
I C 2 LIRIL O C ilhfy Ne &ic-Tlihs. Ny L Mesd

P THHEC L C' L a ks 50 C'— C' 14k AlA

b N&" & Ne EDXEWLUEET) Ne' a5 FEh 5. Fig., 2 Power Circulation

FUTERT O 2 R REEB R TI g
C @ N DBASTELTAY, HEB 2R T+ Vv S b Ny Lo THIT5. %
LT BEIT N, N 3R TtEHL IR 5.

Ny = 7]1(_ Nol) (5)
Ne =2 ®)
Ui

FerEU g FERICRGAEH C & [E LI 1 R RREREC ST, F v U
¥ S REEM, KBS AT AREEME LOREKTH Y, Fiho o BERITK
Bt tse A" R REIE LIH 2 O ER MEREC ST, REBARE C 28R, + +
V¥ S RREEIME LICKOETHD, ThERRRTELINSD.

_ polza’ + 2¢")

' s’ +2¢' @
z 1 !
L= 7024 + Zc ®

24+ ¢



30 R
CERBIOBEE wa Eh s Ma BEZ SR TGS EELDE, AJ N i
Nl‘ = (DAMA (9>

TEHIN, E-THT N, 12

o(poza’ + 2¢")(2azc’ — 2a'20) 4
10
(24" + z2c'Nzazd" — no’24'2¢) @atia (10)

N():'ONZZ

THEbhERb, RERGITK@BPfALT

ZAIZC
2420 — 24’20

NA' = 771(—N01): m

w1, Shics(?), (10)&RALThAE1E5.

N, = TEa 20D z4'z¢ . olmoza’ + 2c)eaze' —2420) 4
7024’ + 2¢ z42c' — 24'2¢ (za' + 2c 2020 — po’24'2¢C)
224'2
:m—@——u—m,;MA. (11)

Za2¢’ — 770224'20

R ERAGERALT

!
No = Nee 1 . ZaZc
- - !
N2 /23 za2¢" —z4'2¢

w3, Zhiek@®), 10EMRALThAEHES.

1
. 24 +ze Za2c' po(neza’ + 2c' )24z — 24'2¢)
c = ; . ; - . e 7 7 2 7 CDAMA
24’ +2c" zarc' — za'zc (24" + 2V zazc — pot24'zc)

7702.‘1ZC (12>

= e e ) s M 4.
za2¢" —po’24'zc

T CCREENE ST W FRT A by Mg X

TEE &R, A0 R A LT

No(neza’ + 2c'Neazc’ — 24'2¢) Da_pr
( ' 7 ( r_ 5. 1 ) * A
Z4 T Rc ) ZAZ¢ N0ZAZC PDs

Msl =

2 RO)ERALT



BAEA MBI O A 2 7 31

M;:mmm%aMuw—m%).~%®wa
(24’ -+ 262428 — no224'20) za2c’' — z4'zc

— _ zclpza’ +zc)

za2¢" — 7]022A'Zc 12)
B, WICKBMEE A, A ORI A~ A IFRTS A s Mad &
Mas =4
O]
TiFEh, chiD)EMRALT
2, 1
Mad = 024 Z¢ M
AA ZAZC, — 7]OZZAIZC A (14)
%55, Tl KEPEE C, C ok C—C wffM3% brs Mo i
Mcc' = Ne' _ N’ _ 2z N
we —w Z—A ZA (G
A Zo
TitHE I h, RADERAL TR x B 5.
P NoZcZc’
Meo' = pyPRE T Ma. (15)
Y, 7 ] et it el = ~] - N ¥ ) -
WETBESKIEAT A b7 Ms oW TEL D, WEF P

Be=4vBEHT5, KESHEEALLD P78 IUK
BHEECHLD A2 E M Lo AveEr, R3%E —T TR M
. ZOX3 L kA xRED.

I wA
M =|Mcc'|+ N +Ni . (16) Fig, 3 Torques Acting
@4 on a Planet Gear
T
224’2
NAI ‘|’ Ni = ——EQ—A—‘C—_G)AMA + (I)AMA

t !
Z42¢c — 7/022,4 Zc

N024'2¢ + 2a2c’ — 7?24’ 2c M
7 o7 [OY VW'Y
ZARC " NoRA ZC

ZAZc’
= —T—*'—E-—/——G)AMA (17)
2ZAR¢ —— Mo"Z4 Rc

B, OR17) &R (15) B RGN A LT



82 TSR - B A

1
Mo = NoZcZc’ M Z42¢
s — 7 Y] A [ o, 1
ZAZc " Wo°RA Re ZAZCc T MoRA RC

_ EeGat e g (18)
ZAZc T M4 R
=55,
(i) zaze' <za'zc DEH
OB HOWESEONERT L L TERSRD SR TV B,

(24" Fpeze’)ea'20 — 2420")
- ! 1 1 2 no <19>
(24" + 2¢'N24"2¢ — 0f242C")

ZLT, ZOBHERINEQ), 3)LH Nu>0, Np<l0 Liznhnb, FERIOK 2 ol
LB BT BT J) (—Neo) 3% v ) ¥ S D bHifiic

cle AN ELTAD, (= Nog)oS'—B/—C'—CoBorAr

M e A'—~B DR CHNEEF S Ll b, O

> | BiS. e ommrostoBhofhER 4T, Tibb

N Nl | T (— Noo) 28 B, C % iECHlE C 2 bER
N T oW C i) Ne' & 15> Tithids, © 0N

HHEC, B, A 2R CERILOHRHE A B N
Lito TN S, EiZ OB, A NDIIAT N &
WALAT G, HEH A ZEE AT L2 MRET A0 A—A' ik No" & N; LA Ll
T3 NA' 23fins. 2L TERIOK 1 ROEEREEBECK T, WE A © Ni' »
ADELTAD, HEB #BTHF+ Vv S b Ny o THNTSE. ZLT, Th
b Na', N&', No" 3 xh ZhkRcEbIh 5.

Fig.4 Power Circulation

NA’ = &}*. (20)
N3

N"=Nja' — N;. (21)

N¢' = 5— Ng). (22)

L, g REEITCABMHEE C 2EE L 1 o EEEER B CRE/
A AEEM, v v S RS LcBOMETH D, o XEFET CRB/IEE
A BREELICE 2 EERENEECRTE v ) v S R BREMY, KEPEE C &5
Bl & LcOHETH D, ThPhERATEDLINDD,

24" + nozc’

P (29

s =

oz’ +2¢")
== A T EC T

7 T 24
24" -k noze (24)



IR R BB W - v 2 B
BRI TR wa LMl b4 7 Ma 2552 bR T E%2 5 &, AJIN; ik
Nl' = G)AMA (9)

THEbIh, o THH Ny i

(24" + nozc')za'ze — 2a2¢")
No=qN; = M 2
KA (24" + 2" Mza'20 — no®242¢") @atia (25)
THELIND., KRR @A LT
Ny z/}, +ze! y ,zA'Zc . (ZA: + 'OoZI'CI)<zIAIZc ~;Z,4zo'? oM
24 -+ mozc’ Za'zc— Zazc (24" +2c'Nza'ze — To'ZAZc )
za'zc
= are = A waM 4 (26)
2135, wiesene(9), @6)EFMRALT
" Z42¢C ' WOZZAZC,
N — - —_ T e M 2
¢ Za'2c — 77022‘421(:' @AM = oaMa 24'2¢c — WOQZAZC, @atia @)
55, F 7@ RE)ERALT
2a2¢’
Ne' = py—F7C
24 2c — ZARc
18, “hieski(2d), @5)ERALThR LB 5.
' ' ’ 4 ! L !
A :,70(2;4 +zc /) L Razdl (z,a.' +7/ozlc )(2;,; Zc :’AZc? waMa
24’ +ozc’  za'zc—zaze’ (24’ + 202420 — 242C")
__ mEaxc’ L oar (28)

za'zc — nofzazc’

& ZCHERI S W ERT B b M ik

Ms' = No/
@s
TR SR, Thres@s) e A LT
My = Za t 02 ea'ze = 2a2) | 04 gy

(24" + 2¢')za'20 — n’2azc)  ws

w21, KOEMRALT



34 TGN - B {r

M — (24" + nozc’ Naa'2c — zazc") 2c(z4' + 20")
s - i 1 7 ) Nt ' 7 A
(za' + 2¢'Nza'20)— po*2420")  24"2¢ — za2c
— ZC(ZA + 'OOZC ) MA (29>

z4'zc — 77022,420/

w155, WICKEBIMEE A, A OB A—A AT 2 b2 Maa 1%

N !
Mag ==%
w4
TEHEEh, zhik@)r A LT
My, = #'?(,‘______MA (30)

zp'2¢c — 77022/120'
w35, FeRBEA%kE C, C o C — C wfFiTs by Mec ik

N¢' N¢' z N¢'
Mo = —5— = c -z, ¢

ac ZA 24 w4

TEHE SR, ChICREIERALT

ce 2a'z2c — pi2aze’ - ° (31
M. w185, RETEE S WlEfTs tr s Ms ROWTHEZS.
WEBR Y =4 v BRIEAT %, RKBAREANDLD b7
— T Ms LTOKBHREEC rbo s s Ms L8 HVEEZ,
N X5%B5. OS5 LY
T — AV

Wa
) . ) NC”
Fig. 5 Torques Acting Mg = |Mcc'| +
on a Planet Gear @4
w1, The27, GUERALT
M = 02cZc’ M 70°2azc’

' 2 r A ' P /
ZAZc T o R24kc 24 Zc — No"RAkC

2R L2V (32)
Z4 2c— MZ4Z¢
%185,
Pl X v, B A fERT5 b Ao Ma BEEMORE, Ms', Maa, Mcec, Ms
DIfE, 2azc’>24'2c DEEIIR(I), (14), (15), AT I HRDOA, 2azc'<za'zc D



Table 1 Torque Formulas for Closed Type Differential Gears with Power Circulation

Power Circulation
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Table 2 Torlque; Formulas for Closed Type Differential Gears with Power Circulation

Power Circulation
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Table 3 Torque Formulas for Closed Type Differential Gears with power Division

Power Division
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Reduced i P 2 * EXN 22y
(Same direction)
A A s
M o2 My 2c (mpant2ze) , 1+ m) ze (pza+2c) M= M ez My
Increased Y maam ez tava U | m(aan Facic) Favze | m{melaaae F 2 ) v ) m(2azy +2czc) + 2wz
(Opposite direction)
c A s
Mo Thax mzx Copza+2c) 2c(may+2c) M= 70 Za2x
Increased ¢ | et man (7702A+2c) Zcze +ap2n (7pzat+2c) zcze+ e (p2at 2c) AT ez F moan (7]DZA+ZC>

(Same direction)
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Table 4 Torque Formulas for Closed Type Differential Gears with Power Division

Power Division

Combination

A—A
C—5

Driver [Follower Fixed

Torque on

Shaft

Isrlizlfl: May My M Output shaft
A 04 S
M, o2a' 2 M, ozc (2x + mzer) (2s+ mozc) (ax + mze’) M Moo= iz M
Increased | gavtm(ace tave) T | aatmaa tavee) T zaan -+ manze tavee) ST mavtplazctavz) T
(Opposite direction)
C C S
M, To2aZn M, 7n2a (24" + 7o2c) 2 (pzatac) Mo = iz M
Increased | azctmalatmac) U | aactmaCanFmac) T C 22+ oza Con + pozc) | C ST vzt e (ay Hac) L C
(Same direction)
(o A S
. [ . 3 dze 2h 2y
Me I gy mach (mo2s + 20 (77'92,\ z) Me | M= 70 (o 2a% +z,\'zc +2y°2¢) Mo
Reduced 2 2 Zcic A
(Opposite direction)
(o4 C S
: 2t e . , 22
My A maha 2y (et anze) o M= BBz btz
Reduced 2 Zc 22c 27 2¢

(Same direction)
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Table 5 Torque Formulas for Closed Type Differential Gears with Power Division

Power Division

[ <
4 Combination
2 B S —A
A § A 5
C—C
Torque on Shaft
Driver Followery Fixed Tt
et Mec My My Output Shaft
A A’ s
M, ToZc M, 2y 70 2c M, ﬂozc(?oza"'*‘zc’) M, My = 77022:\'ZC+2C'<'2:\+7702C) M,
Reduced 2 B 2z Zn2c
(Same direction)
A 04 s
M LAY Ztma g Covtmaedantmee) pe | gp o W 2zeFavzet maczed g
Reduced * 2 BN ! e ¢ Za2n
(Opposite direction)
A’ A S
M. iz Mo Toze Cpaa + 2c) . 2c(zx -+ 1m2c) , M= T 2ZC M
Increased | avactpac(pata) T | et mee (paatz) U avzctmac (paatac) " M avact mac (maate)
(Same direction)
o4 A S
Mo M2 2 Mo maw (po2a+2¢) , Uzt 2c) (pozw +2¢) o, M= 7 2pzn Mo
Increased Cartmlaxtaa U0 | watwlaaetaz) T | zawtmlatae) o AT zezotp(aac bavze) TC
(Opposite direction)
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Table 6 Torque Formulas for Closed Type Differential Gears with Power Division

Power Division

C
ip

S_r
A

Combination

Redused
(Opposite direction)

A—5
. C—A"
Torque on Shaft
Driver |Follower| Fixed s
shzft My Mew M, Output Shaft
A C S .
'+ 70%c7) 3 2c 23 (2 ) MoRcEc
My | e M M Mo= 2y
Incresed M aa b mac(aetmze) T | asetmzlactpze) T anan + mozc(an Hpac) Tt 7 aaat pzc(an +mac) A
(Same direction)
C (04 S
M 72 (2n + mac) oA’ M (maa+2zc) Caa -+ mo2e) Moo= miaze Y
Increased | wazctmaan tacze) UC | awactmlzman taca) TC zvze+ m(anan +2czc) O T v ze+ 10 Canin + 2oz C
(Opposite direction)
(o4 A S
Me RN LV aw(miatZ) ) M, = aE 2c(7ozA'+zC') I
Redused 2’ 2 Zezc Zc2c
(Same direction)
(o4 C S
M A W2 pr Cant+ mmze) (omaw +2c) Mo | M= 7022 + 2y 2+ 2cze) M
Ze 2¢ 202 Zazc
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T MDA DO ET, FRAN & B E CERT b a7 OBHFHEX L ko,
E3wk—EERELTRLL.

7O 0T 4 U O RN ZE TR ELHE O BE W oWT, il & RS
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