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Efficiency Formulas for Differential Gears Employing
the Mechanical Paradox Internal Gear
(2nd Report. The 3K Type Differential Gears)

Muneharu MorozumI

A theoretical derivation was developed to obtain formulas for evaluating the
efficiency of the 3K type differential gears with the mechanical paradox internal gear
applied; the differential is a simple planetary train in which all its three principal
members rotate, one serving as the driver and the other two as followers, or vice
versa, and theoretical formulation of the efficiency of differential gears is of value
since it allows characterization of different kinds of differential gears, The formulas
derived are so handy as to contain only two variables, the numhber of teeth and

efficiency of stationary gear trains,
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Fig. 1 3K Type Differential Gear Applying
the Mechanical Paradox Internal Gear

Tabl 1, Solution by Tabulation (rad/sec)
Step no. Gear B Gear P Gear C Gear D Arm A
1, Gear
Locked @A @A @A @4 @A
2. A z . z z
rnll*‘ixed — w4+ o —(— w4+ wp) 7% —(—wa+ a)B)Z—i —(—wg+ (UB)—Z% 0
zZ VA zZ
wAO—szi) wAUx+jfi) wall +5
3. Result wp ’ ¢ P @A
Zg Zp Zg
it wBT — a)B"Z-E" - Q)B*’Z‘;‘
Zg Zp
wc = W4 (1 + 70 ) (I)BZ_C“; (1
_ Zp Zp
@p MwA(l + Z ) wp 7 (2)
KW &E@2D o4 FPEELTEHRAEES.
_ 14w — (o + 1" )op
wp = 1—; ) (3)
L1
. {ip + iy"Ywp + (1 —ip)wg
Wc = 1 _I_ io” s (4)
1+4 Ywoc — (1 —1
wp = ( 0 Yo ( o) : (5>

iotip"



PETYN B TR D 2h R B 1
L to=4dp/Ze, V' =Zc/Zp, iy =Zp/Zp=1isiy'. (6)

WE Ze>Zp>Zp E LTEREED B, Tiobb 0<i,<l, i’ >1, i >

21 B B & D HATBTHE C 4SO TE St

= DETRIBIE>F DL & 2 SOWN BRI, DI s LOEH XD, b
b, SEEBREEL, PIEEDREE L CRNE IR oo, ) N 2ET D
BEHEEEE, PAREDLEEL, SHEEBRIKD L CPIBECIC AL oo L1 N
BT DBEREHED B LEL B,

5 1A B BEEE (BEE, DI, CHEM)

KA EENT wp=0 & L THIAXHES,

. .
:Za + 1.0 op (’7)
" to

T DR EHEIEORK 91 1%

"= 7:me (90’ + 10"V (1 +1,))
! (14,1 + 9. 125')

(8)

FeiS LA MER BB Y = v PEOWAEVHEY 1/, BREC =+ v PEREHECLED
WEACREY ), WREY =4 v EHAEED L OREVWHERY 3 £ 1B CDLED
FhD~DAJ) Ny LHECDOHI) N,y & OBGRE

Nil =Nol/7/1- (9)

55 2 oy B AL (DEE, BHE), CHEE)
REAEE T op=0 8L

14,
wer =
0

T DR WHEEREDOL)R 72 1%

(1 -+ 74"75"80") (1 — i)

P I — i) 1o
DL EDHBADAT Nix LHCOHIT Nop DBIFRIL
Nis = Noo/72. (11)
L7chio THiC b O %A Ny &F5 &, &E0rE 7
n= N,-lj\ij,-z = &T& (12)
/! 72

LnsiciiCol s id Ty Ul



12 oA R

No=Twc =T olwc: + wcs) = Noy + Noa.

LichiaT
Ty = No/wc = Nop1/wci1 = Noa/ @
hah
S {fo +1s")wp N,
wc (fo +1o")op + (1L —igop
Now = N =

A2k (13) & (M) #RATH &

_ {io + i"Ywp + (1 — ip)wp
T liotiep | (L—idws
T
n N2
2.2 8y B & C WAIET, @ D HHAEhOEENEE#E
1R SR (BEE, CHE), DREE))
HBENT wp=0 &FHUE

11,
Wp1 ™= 4 e
Zo +Za”

CDOBEREEDHE p 1

_ ' (e A o)1 4 46")
(L 4" )01+ 71's"4,")

1

ZDEEDCEI~DAT) Ny DO T Noy & OB
Ni1"—‘No1/771,-

2 2 RO B W E (CRIE, BERE), DHD))
KEWBNT oc=0 &THhiT

T OBEREELBEORR 9, 1T

_ '02'7]3/(1 + U1'772’iol>(1 - ia>2)
L+ )1 —92'ps'ie)

2

TDEEDEBA~DAS) Nig DO T] Ny & OBRRIX
Niz'—‘Noz/ﬁz-

0«

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)



FETR B R R O 3R R
Licdio THED M bR IE Ny &35 &, LE0ORERE 7T

No  _ No

7T NutNe  Ne | Ne®
m 72

LA EDOM T b zy T, &34
Ny =T owp =T olwp1 + ®ps) = No1 -+ Noa.

LizmoT
To = No/a)D = Nol/a)Dl :Noz/tz-
Zhxh
o (1o
Nov= N = i ae — (L — w2V
_ ®pp . — (1 ~ip)wp
No= N = 300 = (L — i

K (22012 (23) & (24) HACAT B &

(L iec — (1 —iyos
7T A e (L —igws
/3 B2
2.3 8 C & D HBATETH B 4iH N0 2 Sk
51 OB (C R, DEXE), BALH)
FEVEENT ac=0 L35

i0+io”
ip—1

@p1 wp.

C DHRBEIEROBME 70 13

712 (295" — io)(1 +14")P
(1 - Z.o)(771'7721 + Z'ol)

=

DL EDEHD~DAT) Ny LEhBOH) No & OB
Ni1:Na1/771-

5 2 PR B W SEE (DIEIE, CERE), BTEH)
KOEENT op=0 LT5&

1 +Z'orl
wps — ’
11,

(VB

(22)

(23)

(24)

(25)

(26)

(28)

(29)

13



14
Z OWREHEIEEORE 9 1L
_ (23" — )1 +45")2

772’(1 - Z'())(771'773, +1i5") (50)
C~DAT] Nig EiBOHT) Noo & DEFRIT

72

Nis = Npo /7. (31)
Lichio THAB L OHIIIE Ny, &35 L, SEORETIX
N _ Ny
TS WatNo | N, Na (52)
i 72
WEIBOH N b Ty &R
N, =Twg = T o(wp; + U)BZ) = Np1 + Nos.
LT
Ty = No/wp = Noi/wp: = Npo/@ps.
Zhib
_ @81 — (io +1i,")op
Mot =y Vo T A i — g i (3)
— 982 8 (1 +1")c
Mo =y N T e — o+ i0m 50
K (32) w3 (33) & B AT B L
<1 + Z.o”)(UC — (io + Z.OH)C')D
= - (io_l_io//)a)D + (1 + io’l)wc . (35)
71 /)
2.4 @ C PAETE B & D NHIEHOZENEEEE
1RO R EIE (BEE, CEE), D#E)
KB NT wop=0 T3 &
o + 45"
@cy — ;.+i0’la)D. (36)

COWEEREEEOME 9 1

o 771'773'(771’772’ +io' )1 +4,")P
O T e A @

TDEEOEWDOHT Noy EHC~D AT N;y ORI




FEW R B o B ET T
N, o1~ Niye 1.

5 2 po I B EE (DIEIE, CBEE), BREE))
KAERNT op=0 &T5HE&

11—,
e = WG)B'
(]

2 DY BEEEDHE 72 13

_ ('’ — o) (1 +3,7)%
72’ (1 — o) (17" +10")

72
CDEEDMBOMS Noo ETHC~DAT) Nip & DOBIRI
NozzNiz'ﬁz.

L7cio TC~DIEA T % Ni &9 % L afEoih® 7k

— No1 ‘FNoz _ Ni1 i -+ Ni2772
N; N; )

WEIMCDOATI b E T &35
Ni =T wc =T i{wc: + ocz) = Niy + Nia.

Lo T T; = Ni/ac = Nii/wc1 = Ni/wc,.
ZhXb
) ‘i‘l.”)a)p
Ni=2ty, — totilop
! wc (i + 1" )wp + (1 —dp)wp

Nip =" N; = (L= solorg Ni.
¢

{ip + Z.o”)Q)D +{(1— io)CUB
X (42) w3 ((43) & 44y R RAL T

_ (i + 0" Ywpn + (1L — ip)wpne
(ip + 1" Yop + (1 — ip)wp

2.5 D HBANETHE B & C HHATHOETEERE
51 e B (BREE, DERE), CHEm))
KEICBWT 0p=0 LT

141

Wp1 = 7.
1o+ 1"

Z OWEEREIE OBE 9 1L

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(46)

15



16 Wofy RN

= 70 (s 1)1 414,')P
! (14 2,1 -+ 91 9a"30").

D EEDED~DOAS) Ny LEHCOHT) Ny OB
No :Ni1'771-

52 o B AL E (C |IE, DERTD, BREH)
ARE) BT oc=0 BT

T OBERWELE DR 7. 1L

s = e (e 95" — io)(1 +8,')2
2 : . ;o
(T =)' p" +14,')

DL EDIDNDATS) Niz EThHBDOHT] Ny OBEMRIT
NozzNiz"sz-

Lo THID DA 1% N &35 & &EOER 71T

— Ny +Noz :Ni17]1 + Ni2772
N; N; ’

WEENDDOASI r 2% Ty &3k
Ni=Twp=Ti(wp + w@ps) = Ni1 + N
LiciioT
T =Ni/wp = Nii/wp1 = Nis/wps.

(1+45")oc
(1 +1")wc — (1 —io)wp

N,

@p1
Niyy=~-—N;=
@p

_ WDz o, {io — Dop
wp ' (L+i"wc — (1 —iwos

2 (52) w5 (53) & (54) BRAL T

p= (1 + io")wcm — (1 — io)wﬁﬁ]z
(14" — (1 — ig)wg

2.6 & BHAIHETE D & C HHNEHOEEEERE
51 EE R E (CEE, BEE, D#EDH)
KEERNT og=0 &XFHT

(47)

(48)

(49)

(50)

(51)

(52)

(83)

(54)

(55)



PR AR B O S BB SR

. i + Z' "
®p1 :&EfwwD- (56)
—1,

ZOMREEEEOHEK 9 1T

7275 (LA 719200 )1 — 76)2

T A A — ) (57)
ZDEEDHIBADAN Ny DO Ny OBIFRI
Nm :Ni1°‘01- (58)
ooy RRESEE (DEE, BERE), CHEL))
BB NT wp =0 &RHT
1 + Z "
@py = 1_2.2 wc. (59)
COMERELEE OR)ER g (X
(788" (1L = d)P
(e RS (60
TDEEDFIBADAJ] Nip EHCOHTT Ny OBIFRIT
Noz :Niz"//z' (61)
Lichi o Tl B~OA T N; &35 &, &0 7%
. Nm +Noz _ Ni17/1 +Ni27/2
WEBMBOAT v 2%k T il
N; =Tiwp =T i(wp, + wps) = Niy + N
LichioT
Ti = Ni/C!)B = Nil/wBl = Niz/(l)Bz-
nkh
wpy — (io -+ iou)wD
1= Ni = s . : i
s T AT e — g+ i (63)
@p2 (1-+1" Y
Nip = N; = - e, i
. wp (1 + 1" Yo — (i + Zo”)CUDIV (64)
K (62) 1258 (63) & (64) HRAL T
_ (1 + Z‘o”)a)c772 s (io + io’I)GJDUI ) (65)

(1 +io")oc — (io + i5")op



Table 2 Speed Ratio and Efficiency Formulas for 3K Type Differential Gears Applying

Paradox Internal Gear
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