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FINISHING HYPOID GEARS 

BRIEF SUMMARY OF THE INVENTION 

Efforts to hone bevel gears, and particularly hypoid 
gears, to ?nal form by running them in mesh with abra 
sive tools in the form of hypoid pinions and gears re 
spectively, for the primary purpose of removing nicks 
and burrs have generally not been completely satisfac 
tory. This is to be contrasted with the situation where 
nicks and burrs are successfully removed from cylindri 
cal gears by rolling them in mesh with conjugate cylin 
drical gear—like honing tools at crossed axes while pro 
viding a relative reciprocation therebetween in a plane 
parallel to the axes of both. In this case a nick or burr 
contacts different portions of the hone teeth so that it 
is removed without causing appreciable damage to the 
honing tool. Since bevel gearing, particularly hypoid 
gearing, cannot be provided with a relative traverse, as 
in the case of cylindrical gearing, and a nick or burr on 
a tooth of the hypoid gear of pinion contacts the same 
zone on the tool at every rotation, thus quickly break 
ing down the honing tool. 
However, in the case of bevel gearing, and particu 

larly hypoid gearing which requires a smoother surface 
?nish than can be produced practically by grinding, it 
is possible to produce such a ?nish by employing spe~ 
cial polishing tools formed of materials capable of pro 
ducing a very ?ne abrading or polishing action. 
A particularly useful application of the present inven 

tion is in the'manufacture of rolling dies in the form of 
hypoid gears or pinions. such dies are formed of die 
steel or high speed steel, ?nished to required form, 
hardened to 60-65 Rockwell C, and thereafter ground 
or otherwise treated for ?nal correction of tooth form 
in hardened condition. Finally, the die is polished to 
provide a very fine surface ?nish without however ap 
preciably affecting tooth form. 
The polishing tool may be formed of a relatively soft 

yieldable material such for example as a solid polyure 
thane provided at the surfaces of the gear teeth with a 
multiplicity of pores of controlled size. Such a material 
is disclosed in commonly assigned Franco application 
Ser. No. 317,109 ?led Dec. 21, 1972. Where the tool 
is in the form of the yieldable material provided with 
surface pores, the abrasive is furnished in a compound 
which is supplied to be carried at the surface of the 
teeth of the tool with abrasive particles becoming em 
bedded in the pores thereof. 
With these tools the operation involves rotating the 

tool and mating bevel gear in mesh with the same rela 
tionship between the axes thereof as exists between 
mating gears and pinions while the parts are maintained 
in tight mesh under relatively light pressure. Alterna 
tively, the tool may be formed with some backlash, and 
one ofthe parts positively driven in rotation and driving 
the other part against a predetermined brake action. 

BRIEF DESCRIPTIONN OF THE DRAWING 

The FIGURE illustrates the relationship between a 
hypoid gear pinion. 

DETAILED DESCRIPTION 

Referring now to the drawing, there is illustrated a 
hypoid gear 10 having teeth 12 in mesh with the teeth 
14 of a hypoid pinion 16. 

In accordance with the present invention the gear 10 
may be polished by rotating it in mesh with a polishing 
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2 
tool having the form of the hypoid pinion l6. Alterna 
tively, the teeth of a hypoid pinion 16 may be ?nished 
by rolling it in mesh with a ?nishing tool in the form of 
the hypoid gear 10. In the usual operation the hypoid 
gear and pinion members, one of which is in the form 
of a polishing tool, are rotated with the teeth thereof in 
pressure contact. The pressure contact may be brought 
about by meshing the gear and pinion members in tight 
mesh so that each tooth thereof is contacted simulta 
neously at opposite sides by teeth of the mating mem— 
ber. In this case a relatively light pressure is maintained 
between the members. 

Alternatively, the arrangement may be such that the 
teeth of the hypoid gear and pinion members are in 
loose mesh, with one of the members being positively 
rotated and the other member being driven against a 
suitable brake action by rotation of the first member. 
The speed of rotation is between 250 and 1000 feet per 
minute pitch line velocity. 
The tool is formed of relatively soft material such as 

the polyurethane disclosed in the'_ above identified co 
pending Franco application, and the abrasive particles 
are supplied in the form of a ?nishing compound. In 
this case the abrasive particles in the compound are in 
part picked up by the pores at the surface of the teeth 
of the tool and are drawn across the surface of the teeth 
of the work gear. 
For completeness herein, it may be noted that the 

polyurethane resin speci?cally disclosed in the Franco 
application is compounded to have a hardness of be 
tween 75 Durometer A scale and 55 Durometer D 
scale, and a value of about 95 Durometer A has been 
found to be very satisfactory. 
During the polishing operation a liquid polishing 

compound containing very ?ne abrasive particles such 
for example as a 500 grit lapping compound is supplied 
to the periphery of one of the members, preferably the 
polishing tool, and is carried on the teeth of the mem 
bers around the zone of mesh where the polishing ac— 
tion is obtained as a result of the sliding contact be 
tween the teeth of the gear and polishing tool. 
The polishing tool is driven in rotation at a substan~ 

tial speed as for example 240 RPM, giving rise to a pe 
ripheral speed of approximately 520 feet per minute. It 
will of course be understood that this does not repre 
sent the velocity of the sliding action between engaged 
surface areas of the teeth of the tool and gear since this 
sliding action occurs at a much lower velocity. 
While the polishing operation has been carried out 

successfully as noted above, employing a polishing 
compound having polishing grains or particles of a size 
not exceeding 500 mesh, the polishing compound may 
contain polishing solids all of which are of substantially 
smaller size. Such a compound for example may con 
tain jewelers’ rouge or yellow aluminum oxide parti 
cles. In general, the time required for the operation 
may be reduced by employing as large particle size in 
the polishing compound as are found to be capable of 
producing the required surface ?nish. 
While excellent results have been obtained in carry 

ing out the herein described method, while maintaining 
the work gear and tool in ?xed positional relationship, 
and preventing any relative movement therebetween 
except for the rotation thereof, and the necessary ap 
proach to provide the required polishing pressure, it is 
within the scope of the present invention, if desired, to 
superimpose on the relative rotation additional slight 
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relative movements such as limited oscillation in direc 
tions which may correspond with the direction of the 
gear axis, the pinion axis, or a direction which is per 
pendicular to both axes, or any combination of such 
movements. Any suitable apparatus for superimposing 
such additional limited relative motion between the 
gear and tool on the simple rotation thereof may be em 
ployed. 

Practice of the method disclosed herein and use of 
the hypoid gear polishing tools disclosed herein. per 
mits ?nal ?nishing operations of high accuracy in 
bevel, and particularly hypoid gearing, after a prelimi 
nary ?nishing operation, to a required high quality sur 
face ?nish in a ?nishing operation which takes only a 
few seconds per piece. 

It is to be understood that the present operation is 
limited to a surface ?nishing operation and is not in 
tended to remove nicks or burrs or to correct errors in 
tooth form, tooth spacing or the like. 
While it has previously been stated that the present 

invention is particularly useful in the ?nal ?nishing of 
dies in the form of hypoid gears or pinions formed of 
high speed steel and hardened to a Rockwell hardness 
of 60-65 Rockwell C, with a value of about 62 Rock 
well C being typical, the invention has application also 
to the production of operating hypoid gearing. 

In the manufacture of hypoid gearing for use as mas 
ter rolling dies, the gears or pinions are initially cut to 
approximate form, are thereafter heat treated, and the 
teeth of the gear members after heat treatment are cor 
rected to ?nal form by a ?nishing operation such as lap 
ping. If the hypoid gear members do not have nicks and 
burrs in the surfaces of the teeth, or if such nicks and 
burrs have been removed by a secondary operation 
such as grinding, the teeth may be semi-?nished or fur 
ther semi-finished by honing. The honing operation is 
carried out by running the hypoid gear or pinion in 
mesh with a conjugate gear or pinion formed of gear 
honing material as described in Praeg US. Pat. No. 
2,942,389. This operation is normally not intended to 
remove substantial amounts of material, and where a 
hypoid hone is employed, the abrasive particles are rel 
atively ?ne so that the operation is more properly de 
scribed as a polishing operation than one in which ap 
preciable stock removal takes place. 
As a ?nal operation a further polishing operation 

may be provided in which the hypoid gears are run in 

10 

25 

30 

45 

mesh with conjugate hypoid tools formed of relatively ’ 
soft ?nishing material as described in the foregoing. 
The foregoing sequence of operations is of course 

available for use in making operating gears, but usually 
the cost restricts usage to dies. However, it may by used 
in making highly accurate, ?ne ?nished master gears 
for various uses, such as in the manufacture of hypoid 
honing tools, where cost is not controlling. 

It will of course be appreciated that where the initial 
cutting operation is carried out under sufficiently con 
trolled conditions, and where the heat treatment like 
wise is controlled so as to eliminate substantial distor 
tion, the step of grinding and/or ?ne honing may be 
omitted and the hypoid gear part ?nally ?nished after 
heat treatment by polishing with the relatively soft pol 
ishing tool disclosed herein. ' 

In an alternative method of producing operating hy 
poid gear and pinion members, the member is initially 
cut to approximately ?nal form and before heat treat 
ment is subjected to a rolling operation which imparts 
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to the teeth of the member a form such that after heat 
treatment the tooth form will be substantially as de 
sired. After the heat treatment operation has hardened 
the material of the gear, it is subjected to a polishing 
operation, which may consist of the ?nal polishing op 
eration obtained by running it in mesh with the rela 
tively soft hypoid polishing tool. 

Similarly, the production of master rolling dies in the 
form of hypoid gears and pinions formed of hardened 
die steel high speed steel is in accordance with the pres 
ent invention, characterized in that the ?nal ?nishing 
operation is essentially a polishing operation which 
does not signi?cantly change tooth form but which has 
the effect of producing a much'?ner micro-inch surface 
?nish. This may be accomplished with the relatively 
harder hypoid honing tool containing relatively ?ne 
abrasive material, but preferably it is carried out by 
running the die in mesh under light' pressure conditions 
with the relatively soft ?nishing tool disclosed herein. 
A 2-4 micro-inch ?nish is readily obtained. 

In practice it has been found desirable to ?nish hy 
poid form dies so as to have a surface ?nish of 4—6 mi 
cro-inches. As previously noted, before polishing a hy 
poid gear-shaped member with the relatively soft tool 
disclosed herein, it is essential to eliminate nicks and 
burrs, and this is done by grinding, after which the dies 
are honed, preferably in two steps, to semi-?nish and 
further semi-?nish before ?nal polishing. 
While the speed of rotation may be varied it is pre 

ferred to provide a pitch line velocity of the bevel gear 
and pinion of 100—1,000 feet per minute. 
Where the term “bevel gear” is employed, it is to be 

understood to include hypoid, and the term “gear” is 
to be understood to include both gears and pinions. 
What I claim as my invention is: 
1. The method of making highly accurate hypoid 

form master dies having a surface ?nish on tooth pro 
?les of about 4-6 micro-inches which comprises heat 
treating a cut hypoid gear of high speed steel to a hard 
ness of about 60-65 Rockwell C, thereafter grinding 
the gear to improve form and eliminate any nicks and 
burrs, and to cause the surface ?nish of its tooth pro 
?les to approach the desired range, and ?nally polish 
ing the ground gear by rolling it in mesh with an abra 
sive hypoid polishing tool whose teeth have a surface 
hardness of between 75 Durometer A and 55 Durome 
ter D with its teeth in light pressure contact with the 
teeth of the tool at a peripheral speed of about 
lOO—l,OOO feet per minute for a few seconds to pro 
duce a micro-inch finish of about 4—6 on the tooth pro 
?les. 

2. The method as de?ned in claim 1 which comprises 
honing the gear after grinding and before polishing in 
which the honing is performed in two steps in which the 
successive steps both improve surface ?nish. 

3. The method as de?ned in claim 1 which comprises 
meshing the gear and polishing tool in tight mesh to 
cause light pressure contact between both sides of the 
teeth of the gear and tool. 

4. The method as de?ned in claim 1 which comprises 
meshing the gear and polishing tool in loose mesh, driv 
ing either the gear or tool in rotation and opposing ro 
tation of the other to cause light pressure contact be 
tween the teeth of the gear and tool at one side thereof 
only. 
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5. The method as de?ned in claim 1 which comprises 
providing rotation of the tool and gear at a peripheral 
speed of about 500 feet per minute. 

6. The method as defined in claim 1 in which the pol 
ishing tool has a hardness at the surfaces of its teeth of 5 
about 95 Durometer D. 

7. The method as de?ned in claim 1 in which the pol 
ishing tool has teeth which are essentially a solid elasto 
mer except for the surfaces thereof which engage the 
teeth of the work gear, which tooth surfaces have a 
multiplicity of pores opening into the said tooth sur 
faces. 

8. The method as defined in claim 7 which comprises 
providing fine abrasive particles on the tool teeth which 
at least in part enter into pores in the surfaces of the 
tool teeth and are drawn across the surfaces of the gear 
teeth. 

9. The method as defined in claim 8 in which the 
abrasive has particles which do not exceed about 500 
mesh in size. 

10. The method of ?nal ?nishing a hardened steel 
gear rolling die member in the form of a hypoid gear 
without measurably changing tooth form which com 
prises rolling it in mesh with a gear polishing tool mem 
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6 
her in the form of a hypoid gear conjugate to the steel 
gear with mating tooth surfaces of said steel gear and 
tool teeth in light pressure contact, the tool having 
tooth surface portions having a hardness of between 75 
Durometer A and 55 Durometer D, driving one of the 
members directly at a peripheral speed of lOO-i,000 
feet per minute and introducing an abrasive compound 
having abrasive particles onto the meshing teeth of said 
members. 

11. The method as defined in claim 10 in which the 
polishing tool has a hardness at the surface of its teeth 
of about 95 Durometer D. 

12. The method as defined in claim 10 in which the 
polishing tool has teeth which are essentially a solid 
elastomer except for the surfaces thereof which engage 
the teeth of the work gear, which tooth surfaces have 
a multiplicity of pores opening into the said tooth sur 
faces. 

13. The method as de?ned in claim 12 in which the 
particles at least in part enter the pores in the surfaces 
of the tool teeth and are drawn across the surfaces of 
the gear teeth. 

* * * it * 


