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(54) S~RIES OF· GEAR SPEED R;al)UCERS 
'.;: 

... · .... ~ 

··;··:· .. ,; 

·,: (71)·. : .. \V.e/'S.,·A,· HANSEN TRA:NS,,. is defined a:s the il~owest eifCctlve toothed 

-MISSIONS·: -IN'I'E~ATIONAL: N. ·v .. -~t~h-~~@~i~in~'..P.~?11::~ gear at -~e:_ 

. :.5.:,~~:1s~t:=~Je~; red-i;:~ t~8~~~~~~t1: o=~ 50 
· : ' •· Belgi~ of Boerenlegem.raa.t, ••ZSZQ Edegem, . torque of. the reducer/ for 8 hours continuous 

(Antwert>--Belgi.Uil)), :do hereby• declare the running per day und~ steady load coruii-
- invenpon foi whicll we: PraY that· a patent tfons. · · · · 

may be granted: tQ ·us, aridCtJl,e process by The horsepowei' rating of a reducer is 
10: which it is to. be performed:,, to; be ·par- defined as. the' prOd~ct of frs d1aracteii~tip. 55: 

' ' . tig.tl.ai'ly 'd¢scribed;, in ancl by tJl,e· ,following torque and its output speed. · 
· ::, ·.·. · state¢.eQ.t': ~: .. - : · .. ·. · <·: . ·•. · · . : . . The specific centre distance of a speed! 

' Th1S 'iriverition relateido a5et of'gear ·speed reducer in a set aO;:ording to this invention 

. ·20. 

is the largest of -its centre distances and it 
determines:·the ·cliaracteristic torque of the 60 
reducer4 ..... ) . ,·. 

In a set:. of gea'r speed reducers according 
to the · present invention; each redticer com­
prises .'an::inpti~ 'gefir to; 100; lOb-, ..•• : an 
output gear H;'J,la;>Hlr, ... intermeshedi 65 
by intermediate gears 12, 12a, 12b • • • The 
centre distances betWeen · intermeshing gears 

centres of the outpu~ gear!and ~e gear lJ1e~h- :Cd ~:Jiat~sr:~:·"iri· ~e~h "~:~~:~ :~~ 
,25 ing therewith in the set of , speed reducers 

·' . forming a progressfop of which ~ rth term fr~ ·the input tc>. the. O!ltp?t gears. 70 
. is defined as, ; . . The· specific c~~re distiinces au ~' aa, 

(1) 
a,,., • • • Jg a set<of speed red,u.c~ j~ 
according , fo~ a· ·pt0gr¢ssi0n. of :Whkh 'the . rt~ 
te~ .is d#ined ~s ·• · .. · · · 

(2} 

where a,:..1 is th~ :ptecedin.g tenn and the 
. value; o-f h. is giVell! by 

wh~3*-i~ .P.are corist~. 
: Co1ll\iiilirtg (2)': and (3) : 
' - : :.: ·;· . - .. . . . : .. .. . . :· ~ . 

. · ;.: \;. :···· ~i)('~l:{<pr-2 
a,D.d ·.<.:' ·. -~-.) : ·,-:::· .. , ·.· 

::,,·:· '.•'·' 

(r-1) (r-2) 

(3). 

(1) 

· tZx-,{11 Xhl-1 X-p ___ 11_ ( 4) 
·.:· .. -~ -~ .· .::- . 

·: The f* 'wi(ftl{b o(a mishint gear pair is 
'.S·EELERR.ATA SLIP ATTACHE.D 

.; ·: ·.: :,- . ·: .' ... :. : .. ( . 
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preferably a function: of the centre distance ai 
of that particular pair, what the reduction 
ratio. This· is expressed by the relatioliship 

(5) 

5' · in which K~ ~and ei are constants. A suitable 
value .for e has been found to be 0.9 and for 
K~~ :·o.ss if a and b are expressed in milli-
metres. · · · · 

.. The· Characteristic torque T, calcWated 
10 accoiding to A.G.M.A. (American Gear 

Manufacturers Association) may be expressed 
by the relationship 

T-:-K2X"a1.uax'bo.9. (6) 

. in. which K2 is a cOefficient which is a func-
15 tion of material properties and reduction 

ratio; 
Taking into 8.ccowit (5) 

(7) 

as it appears from the ·given equatioos · (5) 
20 and" (6) . . . 

(8) 

.In ·the following ·calculation of the. cha.ra.e;. 
teristic torques the same . reduction ratio ·and 
material .. of the gea;rs for alt specific centre 

25 distances is supposed, As a result Ka has the 
same value for all · specific centre distances. 
The series of characteristic torques T is 

3o 

35 

the value k is given: by 

kr=k1Xqr-i. 

(9) 

(10) 

Comparing .. (9): aiid (2) and talcing into 
account (7) we · find:: 

(11) 

From (10), (3) and (U): 

q=p2-71 (12) 

,__ ______________________ ~ 

(tJ.-J) (ll.-2.l,..-------

2- 'V ___ rn:.;.....,n~--,~­
r1 x ~1 -

From (lo)· 

1l-2 

f=\~ - v -=y, 

whereas (15) and (16) allow to write 

. 

,;.. !1 . ff!l-1 . TJ 

(15) 

(16) 

(17) 

45 

IIi practice, the values of Ti; T.., ki, kn-1 
are chC>Sen before hand, in function of the 
requirements to be met by the contemplated 50 
set of speed reducers. . 

The value of n is. then calculated from· 
(17). As this last formwa will usually give a 
fractional number, the nearest full number is 
chOseni and. kn-1 is readjusted accordingly. · ·55 

A. particularly interesting set · of speed. 
·reducers is obtained when chooSing T 1= 90· 
.tilkg, (7.80().in lbs), Tn=7000 ri1kg (610.000 
in lbs), kl =2, k..-i=l.3. 

The number. n of units in the set is then'· 60 
10 and the exact value of kn-1 is 1.316. 

Equation (15) gives 

(18) 

The valu~- of the other pariuneters may be 
calculated by the equatiQns ·given .. above. 65 

Jn a set according . to this mvention, the 
centre distance~ther than the specific 
centre distan~betWeent pairs of . meshing 

Combining (9) aiid (10), the value of any gears in any reducer of th¢:. set except the 
one characteristic to;rque Tr. can be written . .. first are chosen from those used in sinal1er 70 

redUce:rs of the set. A suitable choice is 
illtistrated in figure 4 of the accompanying 

(13) drawings. The horsep<>wer ratings of · said 
.· pairs of meshing gears are chosen to be sub-

The characteristic torque T n of the last . stantially equal. 
40 unit in the· set is ~The input sh!lfts of the Units of a set can 

(D-1) (D-2) 
Tn=l'1-Xk1n-1xq 2 . (14) 

be:. the shaft of a motor: The otitput shafts 
of the units may be hollow. . · 

75 
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preferably a function of the centre diSt:ance tll 
of that partiatlar pair, what the reduction 
ratio. This is expressed by the retationship 

(5) 

S in which Ki and e. are eonstants. A sllitable 
value for e has been found to be 0.9 and for 

2 

Kn 0.58 if a and b are expressed in milli- From (10) metres. 
(15) 

The characteristic torque T, calculated 
10 according to A.G.M.A. (American Gear 

Manufactul"ers Association) may be expressed 
by the relationship 

T=K2Xa1•96 X'b0.S (6) 

in which Ka is a coefficient which is a func-15 tion of material properties and reduction 
ratio. 

Taking into account (5) 

(7) 

as it appears from the given equations (S) 
20 and (6) 

(8) 

In the following calculation of the charac­
teristic torques the same reduction ratio and 
material of the gears for all specific centre 25 distances is supposed. As a result Ka has the 
same value for all specific . centre distances. 
The series of characteristic torques T is 

30 

35 

the value k is given by 

~r=k1Xtf-1 

(9) 

(10) 

Comparing (9)' and (2) and taking into 
account (7) we find: 

From (10), (3) and (11): 

q=~-11 

(11) 

(12) 

Combining (9) and (10), the value of any 
one characteristic torque Tr cm be written 

(r-1) (r-2) 

Tr=T1kl-1 Xq 2 (13) 

The characteristic torque T n of the last 40 unit in the set is 

en-I> cn-21 
Tn=T1Xk1n-1 xq 2 (14) 

and_.: 

45 

(16) 

whereas (15) and. (16) allow to write 

(17) 

In practice, the values of Ti. T no kl, kn-1 
are chosen before hand, in function of the 
requirements to be met by the contemplated 50 set of speed reducers. 

The value of n is then calculated from 
(17). As this last formula will usually give a · 
fractional number, the nearest full number is 
chosen and kn-I is readjusted accordingly. 55 

A particularly interesting set · of speed 
·reducers is obtained when choosing T 1·= 90 
mkg, (7.800 in lbs), Tn=7000 mkg (610.00() 
in lbs), k1=2, k..-1=1.3. 

The number n of units in the set is then'· 60 
10 and the exact v.alue of kn-1 is 1.316. 

Equation (15) gives 

r\/;!i; 
(18) 

The values of the other parameters may be 
calculated by the equations given above. 65 

In a set according to this invention, the 
centre distances;.-other than the specific: 
centre distances-between pairs of meshing 
gears in any reducer of the set except the 
first are chosen from those used in smaller 70 
reducers of the set. A suitable choice is 
illustrated· in figure 4 of the . accompanying 
drawings. The horsepower ratings of said 
pairs of meshing gears are chosen to be sub-
stantially equal. 75 

The input shafts of the units of a set can 
be the shaft of a motor. The output shafts of the units may be hollow. 
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Ti and Till being r~pectivdy the first . anP; .· 40 
the dast characteristic torque, the ratio k1 .of . 

(1) 

wherein Cllr-1 is the preceding.~ aµ.ct:. h1 and p are constants~ · · · · 
. · 2. A set of gear speed re4.~ ~g 

15 :to claim 1, in which the btct:' :width ~-·of any 
pair of meshing gears is · obtain:ed:.by t;be rela-·tlonship . . .... 

b=K1a0
·' 

. the second to the· filst characteristic rorqµe :&mg equal to 2 and the ratio . of the . ~f .. 
char~ic · torque to the penU!ltirila.~. 
characteriStic torque being approximately 45· 
equal to 1.3. · 

5. ·A set of gear speed reducer$ as claimed . 
in claim 1, in which the centre distances, other 
than:·· the specific cen;tre distances as hetein. 
defined, b¢tween pairs of meshing gears in 50 
any 1'.edu~r of the set except the first reducer 
in· the set are chosen: from those used in 
snialler reducers in tjie set, in such a way 

in which K1 is a ·constant and.• a represents that the horsepoWer ratings, as herein defined~ 2Q, the centre distance between the ;pair C)f mesh- of said pairs of meshing gears are sub- 55 ing gears. · · . . stantially ~al. . 
·3. A set of gear speed red~ as claimedi 6. A set of gear speed reducers as claimed; 

in a:ny one of the preceding daifus, m which in any one .of the preceding claims, in whi<:h. 
the characteristic torque as herein define.d of the input shaft of at least one unit is a shaft 25 the smallest reducer in the set :equ,als •90 ~ .. of .a inotor, : · . . 60 
(7,800 in lbs) and the ~stic torque ' 7. 'A set· of gear speed reducers as claimed 
'Qf·. the largest reducer in: the. ~.•·equajs 7000 in any preceding claim in which the output· 

... in.kg (610.000 in lbs). . :. . shaft of at least one .of the red1Jcers in: the ·, ····. : 4. A set of gear speed redll,¢8~. as .¢!aimed set is hollow. 
3()· in claim 3, in which, for a set:<>fJO red.Ucers, 8 .. A set of gear. speed reducers, sub- 65 
: ;.; the relationship between· ~):(:har~eristic stantially as hereinhefore described! with 
· ·· tc),rque Tr as herein d~aj!;;?Of'.alliy one ~e to and as illustrated in: the accom-:' ;·. =~: .J~1· ~~'.th~etpre~~~~~ pan~ ~wings. · 

35,: ~t, is obtained by one ()f 'tlie';teims of a 
·.· .. •· Ptostession defin,ed by . . For th~ . Applicants, 

D. YOUNG & CO., 
Chartere4 Patent Agents, 
·9 and lO!'Staple Inn, 

: :· h(··which the constant q is' ·:London, WClV 7RD. ----,.-...-":""'"----.--.---------· ______ , .... 
_,,,<. . 
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