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Abstract. The article presents the results of the studyok gear transmission, whose teeth have an
arched shape. This leads to the fact that the heofgthe teeth becomes greater than the widtheof th
gearing, which reduces the bending stresses itetith, and as a consequence, increases the load
capacity of the rack gear transmission.

PEEYHASA ITIEPEJAYA C APOYHBIMUA 3YBbSIMH
Illeguenko C.B., Myxoeamuwtii A.A., Kpons O.C.

KiroueBble cjioBa: peifka, mecTepHs, 3yOOpe3Has TOJIOBKA, apoOvHbBIe 3yObs, Mpoduis 3yObes,
ypaBHEHHE 3alleTUICHIS], U3THOHAS TPOYHOCTH 3yObEB.

AHHOTanus. B cTaThe M31I0KEHBI PE3yIbTaTHl UCCICIOBAHMA 3y04aToil peeuHol mepeaayn, 3yObs
KOTOPOH MMEIOT apovHyr (opMy. DTO MPUBOAUT K TOMY, YTO JUIUHA 3yObCB CTAHOBHUTCS OOJIBIIEC
LIMPHUHBI 3y0YaTOTO 3alleIUICHUs, YTO, B CBOK) OYCpPE/lb, CHUKACT HANPSIKCHUS M3ruda B 3yObsX, TO
€CTh, OBBINIACT HATPY30YHYIO CIIOCOOHOCTh PECYHOM MEepeaayHm.

Formulation of the problem

Develop an analytical basic for the design of thekrgear transmission with
arched teeth (Fig. 1). The cutting of the archedht®n the pinion is carried out by
a standard gear-cutting head (GCH) using the siblgiek indexing method. The
rack teeth are the rounding surfaces of the piteeth in relative motion.

Fig. 1. Rack gear transmission scheme

Theoretical part
1) The load capacity of gear rack drives is limitedinly by the bending
resistance of the teeth. One of the ways to saive problem is constructive
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modification of the rack gearing links. This work devoted to [1-5]. Consider
some analytical materials related to the transiomss|.

Pinion teeth [5] are cutting by a standard GCH gisihe single block
indexing method, fig. 2. The cutting edges of tldter when rotating the GCH
describe in space a conical surface:

X, =[ro £ m02501- 125ga) + t [ga] [tosv;
Y, =[-ro F m0250t- 125Hga) + t Hga] [$inv;
Z, =tlga.
Here r, is the nominal radius of the GCld; = 20° — the angle of inclination

of the cutting edges of the head cuttars;and z — the face gear modulus and the
number of gear teeth, respectivetyand v — independent variable parameters. The
parametett determines the position of the point on the cgtiedge of the tool and
varies within [0; h /cosa ], where h= 225[m is the height of the cut rack gear
teeth. The upper signs in these equations arehéoptiter edges of the cutters, the
lower ones are for the inner ones.
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Fig. 2. Cutting teeth with single block indexing imed

The transition from the coordinate system of thd t8,{X,,Y,,,Z,} to the
coordinate system of the pinidg{ X,,Y;,Z,} gives the equations of the surface of
the pinion teeth:

X, =1, [l—cosv) £[m02501- 1250ga) +t [ga] [tosy;
Y, =t Oga = m05 2, - 125); (1)
Z, =[-r, F[mO02501- 125ga) F t tga] [Sinv.

The face profile of the pinion teeth is determifi@in equations (1), given by

the coordinatez, =c, where c=[-h, /2, +b, /2} h, - width of the gearing.
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As a result, the equations of the face profilehef pinion teeth take the form:
X, =15 QL—cosv(t)] £[m0250t— 1,250Hga) +t [ga] [tosv(t);

Y, =t Hga + M05, - 125) ?)

v=v(t) = arcsi{ — ¢ — }
=TI, F m02501- 1250ga) F t ga]

To compose the equations of the teeth rack facEerae use the kinematic
method for obtaining the gearing equatigniV,*? =0 [6]. The normal vector to
the pinion teeth profile (2):

A, = —tga O, +{v, 3inv Qr, ¥ mO02501- 1250ga) F t Gga] + tga [Eosv} [, .

Relative velocity vector:

\71(12) =W, [ﬂYl - 1) |:ﬂz + (rl Ebl - Xl) D171] .

As a result, the gearing equatianlV,*® =  tdkes the form:

Y, dga = (r, b, — X)) Jv, Or + mX0250t— 1250ga) + t [ga] [$inv(t) + 3
+tga [cost)} = 0.

The transition from the coordinate system of thatiog pinion S{ X, Y;} to
the coordinate systen®,{X,,Y,} associated with the translational moving rack
with speed\72 =, X1, by using expressions:

X, =1 1—cosv(t)] +[m(0250T— 125ga) +t iga] Leosv(t) —r, [b,;
{YZ =tdga + m{05x, - 125 —r,,
wherer, = 050Mm[% — the radius of the pitch circle pinion (fig. 3).

Y, Y,

(4)

r9;

Fig. 3. Pitch circle radius of the pinion
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The face profile of the rack teeth is determinedeyations (4) together with
the third equation of the system (2) and the ggaguation (3).

2) With certain combinations of pinion and GCH sizeecondary cutting is
possible. To eliminate this phenomenon, it is ne@gsto perform the condition:
l'o > Topmny » Where 1o, — minimum possible radius of the GCH, under which

secondary cutting is absent:

ooy = M/ 2250 + 033).

Experimental part
For example, for transmission with parameters 5 mm and z, = 27:

loouny = DY 225027 + 033 = 406 mm or dg,,,, =81mm
That is, you should choose according to GOST 11802 GCH with a
nominal diameted, =100mm or more.

In addition to the conditiorry >rg,,y,, @ quite obvious relation must be
fulfilled connecting the radius of the GCH with the width of the gearind, :
r, > 05, . So, for the above transmission paramdigrs 120mm, we get:
I, > 05020=60mm, or d, >120mm,
that is, you should adopt a standard head @jt+ 125mm and more.
Therefore, of the two restrictions on the parametgr (1, >rqy,) and,
r, > 05[l, , one should take the one that gives the greateer, .

3) The arched shape of the teeth in the longitudin@@ction leads to an
increase in their length compared to the spur §&a8] with the same valug, .

The length of the arched teeth, =d, [arcsinf, /d, . Since the spur gearing [7,
8], the length of the teeth is equal to the width of the gearitg, that isL =h,,
the increment in the length of the arched shapé te#l be:

K, = LA/L:SN—OmrcsinQN/dO).

In the first approximation, this means that the dieg stress of the rack
arched teeth will be ifK| -less than that of straight teeth. For transmissiah the

above gearing parameters witly =160xm :
K. = i—gg)mrcsinn.ZO/lGO) =113,

that is, the reduction of bending stresses in ttobeml teeth as compared with
straight teeth will be at least 13%. The actual nmaf arched teeth bending
strength is expected even more due to the incieabeir thickness as the distance
from the average face section of the pinion.
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Conclusion
Primary analytical dependencies for complex geooretiematic analysis of

rack gear transmission with arch-shaped teeth dtaired. The relationship
between the transmission parameters and the lgngime of the gear cutting head
has been established. An increase in the load itgpat the arch teeth in

comparison with the straight teeth of the rack gemrsmission, subject to all other
conditions being equal is proved.
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