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Gear Forming-Grinding and the Design of Dresser

Liang-Xichang Fang-Fengzhou Wang-Xujin

Abstract

Gear grinding is the main process on the quenched gear, From the
efficiency,a new gear forming-grinding process is presented in this paper.
And the optimum design of the key sel, that is, the dresser, on the gear
forming-grinding is made, The fest shows that the gear forming-grinding
process used the new dressed may increase efficiency and decrease cost

remarkably,
1. Development of gear grinding scheme

Gear grinding is the main machining means of quenched gear, It has
many advantages as compared with the gear razoring and gear honing pro-
cesses, In the generating method used widely, gear grinder MAAG is used
mainly in quenched gear for the advantages of short transmission and high
precision, But, hecause the movement part .has big mass and inertia, the
movement speed is mot large lest the force borne and change of defor-
mation are too long, Besides, the rigidity on grinding wheel of dish form
is no better and cutting quantity is not too large, hence the efficiency is
very ,low:, And the machine construction is complicated and the cost is

very high, therefore every workpiece's cost is very high, In order to keep
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the advantages of gear grinder MAAG and eliminate its shortcomings, we
assume that the movement of rolling round is changed into the movement
of rolling rod (Fig 1, b). Because the rolling rod is very light, the move-
ment speed produced involuted profile may be increased very much and
the efficiency is also increased, And generating grinding at very point is
changed into forming-grinding in the whole tooth slot, It increases also
gear grinding efficiency remarkably_ Because the Movement of the machine
is simplified into to and fro movement and division movement, the cost
of machine would be much lower, Since the transmission set that forms
involute profile is not changed, new grinding method still has a similar

precision,

Taken together, gear forming-grinding has high efficiency, high pre-
cision and low cost,

2. Work principle and Construction Scheme of New Dresser

Now in our country, the dresser on involute forming grinding wheel of

whole rod is used in some factories, The main problems of this dresser
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Fig 2

are, 1) when right diamond point is rotated clockwise to the wheel,

the position of left diamond point is as shown in the figure and left surface
of the wheel would be dressed off, Therfore only after the right surface
of the wheel is dressed by using right diamond point, the diamont point
is replaced to left side to dress the wheel, The efficiency and stableness
lower, 2) non-involute part can mot be used in gear production,

In order to solve the problems above mentioned, our upiversity presented
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the gear grinding of repiacempht involute curve, Its fundamental idea is,
since the wheel would grind off base round, we assume to make round be
somewhat small, The smaller base round is used to replace original base
round of the gear. (Fig 2, a), Assuming that involute curve of gear is AB
and the involute (‘;u‘rve‘ on replacement base round is CD, we can make CD
to approach AB by means of regulating the position a, b of centre O, of
replacement base round, The calculation on a, b has been stated in (13,
Left and right diamond points are used to dress two forming surface of
grinding wheel by using a new work method at same time, And non-involute
part may be dressed also, The grinding wheel would not cut off base
round,

After this new work method is found, the revelant set must be designed

to make the rolling rod do simple movement on base round, We set a
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steel belt between both, The end is fixed on the bas round, and the other
end is fixed on rolling rod-wz3'. Rolling rod 3 is moved clockwise down
from steel  string 4, Plane spring 8 is used through pulley 5 to pull
rolling ro_'d'to move counter clockwise, The aim used plane spring is to
make rolling rod end to be.pulled at a similar constant force in movement,
The action of pulley is to make rolling rod to have a certa‘in pressure N
and pull T to base round in any position, When handle 9 is rotated, two
wheels 1(‘)‘ on horizontal sh.aft pull two steel string to make two diamond
points ‘drvess grin-.ding wheel at same time, '

In order to make rolling rod do ideal simple movement, while it
rotates, pressure N of rolling rod to base rouand is required to have a
suitable value and remain constant, Pull 7 of steel belt to pull rolling rod
should have also a suitable value and remain consta‘nt, The test shows
that change scope of the pressure N and the pull T had beter not exceed
30 per cent, When rolling‘"[;rod is rotated on bass round, b:cause force
direction of steel string 4 ~a'n'd"'fulcrum position of base round are always
changed, forces N and T, calculated change vv:;ith rotation angle ¥ of

rolling rod changed as shown in Fig 3 to 5,

3. Construction OptimUin of the Dresser

After construction scheme of the dresser is decided, revelant Parameters
should be selected correctly to .
keep pressure N and pull T of
rolling rod to be constant funda-
mentally, For this reason the
force figure of machanism is made,
From the figure, rolling rod s
acted by base round N, steel belt
pull T steel string pull P and
spring action Q, The -calculation

shows that the constance. of the ,F'\g 6

two forces is affected by the rolling rod length S, the support length ¢,
the position x;, ¥, of pulley o, and the position x3, ¥, of pulley oy

- 1n Fig 3 real lines show, when rolling rod length $,=68 mm and $, =109
mm, the two forces are changed with rolling rod rotated, The dot lines
show change of the two forces when support length t,=35mm and ¢, =75mm.
In Fig 4 real lines show change of the two forces when puliey o, position

%11 =45 mm, ;=65 mm and dot lines show when y,;, =65 mm, y,;=105mm-s,
4



Besides, the copstance of the two forces is affected also by the gear
parameters, In Fig 5 real lines show m,=4, my;=6 and dot lines show
change on 2z, =60 and 2, =90, Taken together, factors that affect constance of
two forces are many, And we may infer that there is an optimum scheme on
object,

First of all, we find the statics relation of any position on rolling

rod

(p.  (a+b)Qsing
: (t=ry(d—do))sing +ecosf

|
|
b
? N= o Qsing
ILT = PcosB - Qcosp

In the formula, Q is pull of plane spring and the unit is kilogram, r, is
base circle radius of gear and the unit is millimeter, e is the rising distance
of a point among rolling rod. When rolling rod is rotated, it may change the
pulling point of the steel string to increase the constance of the two
forces,

After the ideal value T* of pull and the ideal value N*® of pressure

are selected, objective function may be established,

N .
Fs, b, 2, 91 a)= (e = 1)
y
T, A
y Y, ()
A T
Vv
) v (6} ~ ‘ .
g X S The meaning of right part ( JZ\Y.'
A x(bf ' .
4_ ‘ - -1 ) on above {ormula is  that
R pressure N; at anYy rotation angle
-~ X is desired to approach the ideal
0 S

value N* In this case N is

)N.

similar to 1 and  this item is

Fig 7
minimumized

Stochastic direction sceking is used to find optimum value on computer,

The principle of this method is as shown in Fig 7, First of all, beginning

point - X is selected and {easibility conditions are tested, Then N sto-

chastic unit vectors s4) (j=1, 2,«+,N) are made, After seeking direction

]



s is found by minimum function value, new point X is decided to. re-
place beginning point X, Every item is repeated by this till satisfactory
construction parameters s, t, 0, 0, are found,

4, Reasonable Use of the Dresser

After optimum means is used to design the dresser, the problem of
production must still be solved, -
Because of this the construction

. IR ' i
optimum of various cylinder gears hAz, S5t A

is made (m=1.5~8, pitch circle
diameter d =30~310 mm), Fig
8 shows the effect of gear
pitch circle diameter to optimum

0

consfruction parameters, From
the figure, reasonable comstruction

parameters of the dresser are

changed as the pitch circle diame- 3030 70110 TR 90 357 570 jwd
ter is changed, This is because

when the pitch circle diameter Fig 8

is changed, the change of rolling ,

point and the size of rotation angle of rolling rod have to be changed,
Because the effect of v, is very small and the construction is restricted,
it is designed to be constant, ) .

In order that the use is convenient, after(;thé optimum parameters
of various gears are calculated, by this change the constrﬁctidn parameters
are divided into four groups, Different positién parameters are aﬁ-ranged
by the hole is drilled on the base (Fig 8),;'N"ew iriteger'values are used
for testing, The change of the two forces z;nd ‘regulation table 1 of the
dresser are obtained, Therefore the regulation of the d‘rés\éer is simpli-
fied greatly, V |

Conclusion

Nowadays gears are being developed to large power, small volume and
long life, quenched gear isused widely, But now the precision of gear
is lowed 1 to 3 degrees after heat treatment, The accurate generation
of quenched gear become a key problem of the machine industry,

Grinder MAAG is the high precision gear grinding equipment used
widely, From its shortcomings, a new gear forming-grinding is developed

6
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Table |

i 1
J gear paraMeters “ dresser parameters
® pitch circle | pressure |profile shift ; ' i !
diameter angle |coefficent s ot Xy | %
i ! ‘
1 30~120 20° 0 70;5o;eof 0 120
2 | 121~200 20° | 0 o . 65 | 75 | -15 | 140
3| 201~260 20° 0 115 | 80 | 90 ! —30 160
4 | 261~310 20° | 0 | 140 5100 115 | -45 190
|

After relevant dfressing principle is advanced, the construction design of
the dresser and the parameter optimum of the construction is discussed
and optimum working condition of the dresser is found,K For the use of fac-
tories, a regulation is put forward in this paper

The test shows that gear grinding precision of this new gear gri.nding
method can be obtained as 6 degrees and efficiency can be increased
several times,cost decreased several times, To middle and small factories,
the dresser of low cost is needed to provide and quenched gear may be
produced, It is economical,
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Replacement Involute Grinding of Gear

Liang xichang

Abstract

The gear forming-grinding principle on which replacement involute
curve is used to approach the gear profile is presented _and the new
grinding wheel dresser is developed, The dresser has the advantages of
dressing two sides of the grinding wheel as well as the non-involute part
of the profile bemeath the base circle at the same time and of grinding
modified gear tooth profile and using common base circle disks, Besides,
its structure is quite simple, And a new prospect is showed for forming-

grinding of gears more efficiently and more economically,

Gear grinding is the Main machining means of quenched gears, Gear
grinding is divided in two groups, forming griading and generating
grigding, The precision which the generating grinding method can g.et is
not so high because this kind of grinder's transmission is long, the rigidity
low, and the generating structure heavy, And the weight of the machined
gears changes greatly, But forming grinding dresser is simple in constru-
ction and small in size,L And its precision is higher (1—3), Besides,
the tformiug grinding method can increased the productivity many times
and reduce the cost greatly,

Nowadays, almost only generating grinding method is used in produ-
ction in our country, but not so widely for its high cost, Itis necessary
to develop a new gear grinding method with high efficiency and low cost,
[n recent years, a lot of researches have been done on this problem(1, 2, 43,
but the practical method has not been found yet, A dresser coming from
the involute principle is discribed in Fig 1, When the rolling rod ¢4)
with -a diamond (3) is rolled on the base circle disk (1) by the steel
belt (2), the involute profile of the wheel is dressed, The diameter of the
root circle must be bigger than that of the base circle to prevent wearing
off the base circle disk and the belt, If it is 2 mm bigger for the gears
which modulus are 4 mm, the number of tecth must be bigger than 58, which
losts the Practicality,

8
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Nowadays,thn involute dresset
used in production in our country
has a two layer construction
that a base circle plate seperates
with grinding wheel in space, It
can not dress two involute forming
surface at the same time and

can not dress non-involute part

bencath base circle lts construction
is complicated, And it can only
be used in the tool shop, and

can not suit a lot of gears that

Fig 1

are produced,
The replacement involute grinding method of gears is developed in
this paper, The method can overcome the short comings as discribed above

and show a prospect for the forming grinding of gears,

I. Methed

In the coordinate axes oxy (Fig 2), the centre of gear to grind is o,
the addendum circle radius is r,, the dedendum circle radius is r;, the
base circle radius is r,, the part of gear involute curve is AB,

The radius of replacement base circle plate of the dresser is r,,, The
centre is oy, In coordinate axes O,XY, the involute curve which it problems

is CED, The beginning C of

involute curve is cross point of

¥, axis Y and basc circle ry, It is
4 -._\PQ_D known to us that when the curva.
Y A ture radius of the involute curve
£/ Fe—G x CD is increased, the circle increa-
2 Y¢ " / A = % ses, The curve AB has the same
8 property also, Assuming that the
o ’\7\, curve CD slips along ‘the curve
b AB, a place can be always found
) to make the curve CD appro-
ol a A ach the curve AB, Assuming that
Fig 2 is the place they are nea-
Fig 2

rest, the replacement base round

coordinate O, XY make a movement

v 9



and a¥rotation in relation to gear coordinate oxy from the figure i(nowﬁ,
Hence, the horizontal movement is a, the vertical movement is b, the
rotation angle is f.

When a given gear is machi-
ned, the modulus m, the numbers Y B
of teeth z, the pressure angle a, R
the profile shift coefficient E, 2
the gap of teeth side A4s and the t/&l
part of involute curve AB are ¢
known, Assuming that replacement
base circle radius r,, has been
chosen, the values a, band g of :
curve CD‘:ar_p obtained to approach T
curve AB., Replacement error bet-
ween curve AB and CD, and the gap

between the wheel and base circle

Fig 3
plate are obtaxned to determine

if it does exlst” L

2. Optimum Calculation

When the optimum model is established, first of all, the gear involute
curve AB should be changed into a digit group (x%;, ¥;) that consist of
several coordinate points,

i =rp(Sin($ + 0y) ~ dcos(d + w,)) }
(1)
Yi=ry(cos( +@,) + dsin(d + w,))

In formula, & is the involute angle of involute curve, @, is half of the
centre angle ,between a tooth and another on base circle,

Assumifg " t‘ *a‘t) fhe coordinate Movement values and the rotation value
2, b, B have been obtained, the coordinate value of involute curve AB cag
be turned into the coordinate axes 0O,XY of replacement base circle, The
coordinate digit group (X; Y,) are cbtained

Xi=(x;-a)cosf+(3; - b)sinf }
(2)
Vi=(yi-b)cosp ~(x; —a)sinf

In replacement base circle coordinate axes O,XY (Fig 2), the equation
of involute curve CD is

10
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sin ‘/ "}('"*}'?Tfi‘ _y Xi+v? :1

X+ V1 X
ccosY— - -1 ———=0 (3>
2 LY
Tso

In this case, gear involute curve AB is expressed in 1, 2,..,n numbers
of coordinate point, Assuming that first point (X,, Y,)is on the curve CD,
f (X,Y,)=0by formula (3), Assuming that second point (X, V,) is not on
the curve CD, f(X,, V;)%0 by formula (3), Its value ¢, = f(X,,V,) expresses
the error of second point, In this way the errors of n points &, &, e+, &,
are obtained, The whole error £ is the sum after squaring the various point

errors,

€ ___2"8;1= =é (sin}/@:r:
o - Toa

L CES SRR o3 GRS

z r
o bo

(4)

The value ¢ changes with the values a, b and ., When the values a,
b and B are optimum, the error & is minimum, In this case, the replacement
involute curve apbroaches the curve AB,

Besides, rolling rod EFG is increased /] to obtain replacement involute
curve CD in coordinate axes o,x,¥, by Fig 2, 4]=EF =r,8, that is, rotation
angle B is replaced with the increased length 4] of diamond point, It
makes the construction of the dresser simple, And objective function is

turged into

e=f(o, b, A1) (5)
In an electronic computer, dressing parametesrs a, b and 4] are found
by means of the optimum method,

3. Calculation Results

Table 1 is the calculating results of the dressing parameters and
the error on some gears, In the table, base circle ratio ¢ =r,/ry,, and error
coefficient k is the ratio between calculating error € and the 6 degree

profile tolerance,

11
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Fig 4 Sflows the relation Between tfw (rror cocf/fivCi‘ent k of gear m4
and base circle ratio ¢, The approached error would be increased with the
difference between replacement base circle and design bass circle, Therefore,
with a certain gap between the grinding wheel and the base circle, re-
placement base circle should come close to design base circle, By the figure,
the fewer the numbers of teeth, the larger the replacement crror, Besides,

sometimes the farger base circle is used to replace design base ¢ircle,

R

Fig 4
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Fig 5

The influente of the numbers of gear teeth and the modulus on the

calculating error is presented in Fig 5, The curves are illustrated by
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