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organized and “éxisting~under :‘the laws of
‘Belgium, of Boerenlegerstraa 5200 Edegem,
(Antwe.rp—BeIglum), do hereby : declare the
.. invention for which we pray ‘that"a patent
C. ™ may be granted to us, -and’ the ‘|
10 which xt is to’ be'. performe
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ing gears considered
output . ‘gear increasing from’ the__._mput to
“; the output geaf, the distances. between the
' centres’of the output ge and the gear mesh-
25 ing therewith in the set-of “speed reducers
2 {.-forming a progressxon of which th'e ™ term
is defined as

; ‘the " distance
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is deﬁned s the 'arrowest eﬁectlve toothed:
" -width of the. meshir
_ ' pxtch circle::.

Hansen, Sociét Anonyme, a body corporate:

pinion and gear at the

The characteristic torque T of a speed
reducer is the miximum permissible output

torque of .the reducer, for 8 hours continuous

nmmng per day under steady load condi-
tions.

The horsepower .rating of a reducer is
defined ‘as the product of its characteristic.
torque and its output speed.

The specific cetré distance of a speed
reducer in a set accordmg to this invention
is the largest of.its centre distances and it
determines : the charactensuc torque of the

L : reducer.
: compnsmg ari input gear;. an output gear and‘ :
. -at Tedst “one’ intermediate: ‘gear', mtercouphng

In a set of" gear speed reducers according
to the: present-" invention, each rediicer com-

prises an:’ [input- gedr 10; 10a; 105, . . ., an
output gear ‘11;11a; 115, . . . intermeshed
by mtermedxate gears 12, 12a, 126 . . . The

centre distances berween mtermeshmg gears
are indicated as: doo . . « 5 B1y @oy sy By . . .
and such distances in' each reducer increase
from the input to. the. output gears.

The specxﬁc centre distances @i, @, @,
.in. a set.of speed reducers. increase
& ‘progression, of which the. r#

ar _ar-l x hr—l

_ @
where a,., is the precedmg term and the

.val__l__Je: of & is given by
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* preferably a fu:;ction: of tln’il cen;e distance a .
of that particular pair, what the reduction (=D (22
ratio. This is expressed by the relationship (E_ 7 .T”
e ERexe & r nxk &
5 in which K, and e are constants. A suitable _
value.for ¢ has been found to be 0.9 and for : asy -
'Ky 0.58 if ¢ and & are expressed in milli- From (10}
- - meties. S S
. The characteristic torque T, calculated 2—2 :
10 according to A.G.M.A. (American ' Gear 7=\ / &p—y 45
Manufacturers Association) may be expressed . £ - TR
by the relationship o . : .
- . - (16)
T=K2x’¢"”'-><'b°'°: _ (6) . - . _
ST * whereas (15) and (16) allow to write
in which K, is 4 coefficient which is a func- o o : :
15 tion of material properties and reduction
ratio, S : ,
'Taking into account (5). 2
. : L . : £7 :
- T=KyXa*'" ) .
. L L 17
as it appears from the given equations (5) - : o _
20 and (6) o ' In practice, the values of Ty Ty Kys. Ky
- are chosen before hand, in function of the
K=K, xK,** - (8 requirements to be met by the contemplated 50
e B : set of speed reducers. o
o : T - The value of 7 is then calculated from'

In the following -calculation of the charac-- (17). As this last formula will usually give a
teristic torques the same -reduction ratio and fractional number, the nearest full number is
material .of the gears for all specific centre chosen and k., is readjusted accordingly. .~ 55

25 distances is supposed. As a result K, has the A particularly interesting set of speed
same value for all- specific centre distances. ‘reducers is cbtained when choosing T,= 90
.. The series of characteristic torques T is kg, (7.800 in Ibs), T,=7000 mkg (610.000
| C - in Ibs), By=2, Byy=13. - .
C Te=Tp1 Xk - ® The number # of units in the set is then* 60
- o 10 and the exact value of &,., is 1.316. -
the value % is given by _ _ Equation (15) gives
30 ko=k;Xg" 1 (10) 36
- o : ; Tr0
Comparing. .(9), and (2) and taking into 2= \/ Tt X 29
account (7) we find: L
' . (18) .
k=h>" (11) : ' ' L
e The values- of the other parameters may be
From (10), (3) and (11): calculated by the equations given above. 65
' o : “In aset according.to this invention, the '
35 q=p*" (12)  centre distances—other than the specific
. S centre distances—betweens pairs of -meshing
Combining (9) and (10), the value of any gears in any reducer of the set. except the -
one characteristic torque T, can be written first are chosen from those used in smaller 70
' Ll s - Lo reducers of the set. A suitable choice .is
e -2 S illustrated” in- figure 4 of the .accompanying
T,=Tk 1Xqg ¢ (13)  drawings. The horsepower ratings of said
. ' ) " pairs of meshing gears are chosen to be sub-
The characteristic torque T, of the last . stantially equal. . . ' 75
40 unit in the set is : _“The input shafts of the units of a-set can
_ B be. the shaft of a motor. . The  ouitput shafts
| (n-1) (n-2) of the units may be hollow. . :
c Ta=TaxXkXg - 2 7 (14) . : '
: o L WHAT WE CLAIM IS:— '
and; 5 ;.0 ' : L. A set of gear speed reducers, each com-
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preferably a function of the centre distance a
of that particular pair, what the reduction
ratio. This is expressed by the relationship

=K, Xa* 6)]

in which K, and e are constants. A suitable
value for ¢ has been found to be 0.9 and for
Ky 0.58 if @ and b are expressed in milli-
metres,

The characteristic torque T, calculated
according to A.G.M.A. (American Gear
Manufacturers Association) may be expressed
by the relationship

T=K,Xa"* x5 ~ (6)

in which X, is a coeﬁicie:it which is a func-

tion of material properties and reduction
ratio.
Taking into account &)

T=KeXa*™ =~ (7)

as it appears from the given equations )]
and (6) '

Ks=K,XK,"* ®

In the following calculation of the charac-
teristic torques the same reduction ratic and
material of the gears for all specific centre
distances is supposed. As a result K, has the
same value for all specific centre distances.

. The series of characteristic torques T is

30

35

Tr= r~1 ><kr--1 (9)
the value % is given by
h=hxgt (10)

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

kr=hrz.77 (11)

From (10), (3) and (11):
Cg=pr (12)

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

(r=1) (r-2)

Tr=Tk*Xq ¢ @13)

The characteristic torque T, of the last
unit in the set is

{n-1) (n-2}

T.=Tixk™Xg * = (14)

and : |, ;-

reducers is obtained when choosing

(=) @=2) —
2 Tn
z= 7
X &
(15)
From (10)
2~z
£ %7
16)

whereas (15) and (16) allow to write

a1/
& fpag= -# :

17

In practice, the values of T1 Tas kyy kpy
are chosen before hand, in function of the
requirements to be met by the contemplated
set of speed reducers.

The value of 7 is then calculated from

(17). As this last formula will usually give a -

fractional number, the nearest full number is
chosens and %,_; is readjusted accordingly.

A particularly interesting set of sp
Ti= 90
mkg, (7.800 in Ibs), T,=7000 mkg (610,000
in Ibs), k=2, b, =13.

e number # of units in the ser is then*

10 and the exact value of ko is 1.316.
Equation (15) gives

* 7o
-g= T X 25
(18)

The values of the other parameters may be
calculated by the €quations given above.

In a set according to this invention, the
centre  distances—other than the speci
centre distances—between, pairs of meshing
gears in any reducer of the set except the
first are chosen from those used in smaller
;ﬁducm'sdoif t}ée set. A suitable choice is
Hlustrated - in figure 4 of the accompanyi
drawings. The horsepower ratings of Z]alilg
pairs of meshing gears are chosen to be sub-
stantially equal.

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.

WHAT WE CLAIM IS:.—
1. A set of gear speed reducers, each com-
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prising . an input. gear, an' o
‘output gears, the distance between
of the successive ‘ineshing -
from the input to:the cutpy
rom the input to the. output gear, the
istances between the’ ceritres. of the output

10 ‘of which the »* term’ is ddimedas

ai,-=¢1_1>(k; X'pi(""’) - (1)
. wherein a,., is the preceding term and %, and
- P are constants. oL
;. 2. A set of gear speed reducers. according
15 to claim 1, in which the face width 5. of any
: pair of meshing gears is obtained.by the rela-
- tionship ER
' b=-K1a"'°-

o in which K, is a constant and:a represents
20 the centre distance between the pair of mesh-
"7 ing gears. 5 Ll
oo . 3. A set of gear speed rediy
. in-any one of the preceding

[ largest reducer
o« mkg (610,000 in Ibs). -

: o 4, A set of gear speed redix
30 in claim 3, in which, for a;
* - the relationship between
rque T. as :herein defin
_ ducer in - the sét and

: rque- Tr-; of the preceding
35 seét, is obtaimed by one of

" - progression defined by

To=T,y Xk X g

~which the constant ¢ is

‘the: output: gear incréasing

. i gear and the gear meshing therewith in the
.. set of speed reducers forming 'a':progression :

Ti0

77X29

I8

T; and T,, being respectively the ﬁrstand
the ‘dast -characteristic torque, the ratio %, of
.- the second to the first characteristic torque

being equal to 2 and the ratio of the last .

charicteristic - torque being approximately
equal to. 1.3. :

characteristic  torque to the penultimate

5."A set of gear speed reducers as claimed

in claim 1, in which the centre distances, other
than the specific centre distances as herein:
defined, between pairs of meshing gears in
any. reducer of the set except the first reducer
in_ the set are chosenr from those used in
smaller reducers in the set, in such a way
that the horsepower ratings, as herein defined,
of said pairs of meshing gears are sub-
stantially equal.

6. A set of gear speed reducers as claimed:-
in any one of the preceding claims, in which,
the input shaft of at least one unit is a shaft

7. A set of gear speed reducers as claimed

shaft of at least oné of the reducers in the
set is. hollow.

8. A set of gear speed reducers, sub-.

stantially as hereinbefore described with
reference to and gs illustrated in the accom-

- For_the Applicants,
D. YOUNG & CO.,
Chartered Patent Agents,
"9 and 10i:Staple Inn,
London, WC1V 7RD.
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