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Summary. The mathematical model of speeds of
movement of points of gearing along contact lines in a
screw gear globoid cylindrical tooth gearing is stated in
this article. Mathematical dependences for absolute and
relative speeds of movement of points of gearing on
contact lines on heads and legs of teeth of the leader and
conducted wheels are receilved. Mathematical
dependences for corners between vectors of speeds and
the main coordinate lines are also received in the article.
Key words. Tooth gearing, globoid cylindrical,
Screw.

INTRODUCTION

In drives of modern cars the screw tooth gearings,
alowing to create a rational design of transmission
gears find application, to improve smoothness of their
work and to lower noise and dynamic characteristics.
Increase of load ability of tooth gearings, including
screw, is an actual task.

RESERCH ANALY SIS

Screw tooth gearings with evolvent
gearing [2, 4, 5, 9, 13,] have dot contact and
the increased dlidings in the gearing, limiting
application of these transfers. In work [22] itis
shown that localization of a spot of contact
also have dot contact and the increased dliding.
In works [8, 14, 19, 22] it is specified that it is

possible to increase load ability of screw tooth
gearings synthesis by their screw gearing on
the method developed by M.L. Novikov [11]
and added in works [12, 15, 16].

The purpose of article is increase of
load ability of screw tooth gearings by
synthesis of screw globoid cylindrical transfer
with screw gearing. In thisregard in article the
task of development of mathematical model of
kinematics of a globoid cylindrical tooth
gearing with Novikov's gearing is solved.

RESULTS OF RESEARCH

We will write down the equations of
surfaces of teeth on wheels of globoid
cylindrical transfer with Novikov's gearing at
which the working part of the main tool is
outlined by arches of circles (an initial contour
of GOST 15023-69). The equations of surfaces
of teeth of leading (globoid) and conducted
(cylindrical) wheels it is representable in
systems of coordinates 0O;X,Y;1Z;; and
0, X5,Y50Z 5, respectively (Fig. 1).

Equations of surfaces of a head of tooth
of aleading whesd!:
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X11 = (ry + Ry c0S 231 )Sin(pyg + 1)+ Ry

x cOS{py1 + 1 )SiN 41 COS 3y,

yi1 = (r + Ry cos gy )coslgyg + 1) - Ry x (1)
x cOS{gy1 + @1 )SiN A4 COS By,

i1 = ppCtgy — Rysiny; siny,

where: r; radius of an initial circle of a
globoid.

= r10(1+ u-u COSgo;).
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Fig. 1. Absolute speed of movement of a point of
gearing along contact lines of aleading (globoid) wheel

on heads Vi and on the legs V4, , a conducted
(cylindrical) wheel on heads Vi oy and on legs Vi o

In the same system of coordinates, the
equations of a surface of a leg of tooth of a
leading wheel has an appearance:

X12 = (1 + Ry oS yp )sin(gyg + 1 — &)+

+ Ry cod(gny + ¢ — & )Sin 4 COS By,

Yi2 =+ RycosippJcoslgny + o1 - &) - (2)
— Ryc08{@py1 + @y — & )sin 4y, Cos 3,

25 = plenctdy — &) - Rpsin g, siny.

The equations of a surface of a head of
tooth of a conducted (cylindrical) wheel in
system O, X,,Y5,Z5, it is representable in the
following look:

Xo1 = (r + R COS A1 )Sin(gpp + 95) + Ry

x COS((2p + 2SN Ap1 COS By,

Y21 = (12 + R cOSAp1 )cos(@pp + 92)— Ry x (3)
x COS{(2p + 92 )SiN A1 COS B,

Zy1 = peitgy — Rysindy siny,

In the same system the equation of
surfaces of legs of teeth of a conducted wheel
will have an appearance:

Xop = Iz + Ry C0S A )sin(po + 0 — &) +

+ Ry o9 + 9 — &,)SiN Ay COS B,

Y22 = (12 + Ry 00820 )00 + 92 — &) — (4)
— Ry c08(pp + 95 — &,)SiN 155 COS 5,

2y, = Pletdy — &) — Rysin gy, sing.

In the equations (1) ... (4):

— ¢ and ¢, — corners of rotation of the
leader and conducted whesls,

— R and R, — radiuses of curvature of
profiles of heads and legs of teeth respectively,

— y —acorner of lead of the line of tooth
of agloboid whesdl to the face plane,

— p — the parameter of the screw of the
central screw line,

- Ao Ao Ay - independent
variables, angles of rotation of radiuses of
main circles,

— ¢ and ¢,, —the corners defining the
provision of face sections of heads of teeth
with the face plane of the leader and conducted
wheels,

— p and B, — tilt corners of lines of
teeth and an axis of rotation,

— & and &, — the corners defining the
provison of profiles of legs of teeth
concerning profiles of heads of these teeth in
the face plane of surfaces of teeth of the leader
and conducted wheels respectively.

Systems (1) ... (4) are the equations the
screw of surfaces with a circle in the section
located at acorner » to the face plane.

Having determined the first private
derivatives of the equations (1) ... (4) by
parameter ¢, and having increased them by
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angular speeds of rotation of wheels w; ,, we

will find projections to mobile axes of
coordinates O;X11Y11Z1; and Oy, XoY0nZo
speeds of points of gearing at their movement
on contact lines of leading globoid and
conducted  cylindrical  wheels.  These
projections will be equal:

— on heads of teeth of aleading whed!:

Vyqq =Wy[r{sin(ey + )+
+(ry + Ry cosAyg Jcos(png + 1) -
— Ry sin(gyq + @1 )sin Ay cos By ],
Vy11 = wi[r{ cos(pyq + 1) -
—(rp+ Rycosyq)sin(p + )+ (5)
+ Ry sin(pyq + 1 )sin Ay cos B ],
Vz11 =W p- 194,

— on legs of teeth of aleading whed!:

Vyao = Wy[r{sin(gy + ¢y — &)+

+(ry + Ry c0S Ay, )cos(pyg + ¢ — &) -

— Ry sin(gyy + ¢y — & )sin 4y, cos B ],
Vy1p = W [r{ coslyg + o — &) - (6)
(rp + Ry cos g )sin(pyg + ¢y — &)+

+ Ry sin(pyy + @y — & )sin 4, cos B,
Vz12 =W p-tg/;,

— on heads of teeth of a conducted wheel!:

1
Vxa1 = WZ[(r2 + Rlcosﬂ/zl)co{ggzz + %)_ _

u

. 1.
- Rlsm(gozz +%)asn/121cosﬂ2},

Vyo1 = wz{— (r, + R COS Ay )S n(q)zz n ﬁ)l +
uu

+ Rlsin(gozz +ﬂj£sinﬂ,21cosﬂ2}
uju
Vz21=Wop-195,,

— on heads of teeth of a conducted
whed!:

V22 = V\é[(rz +R, cos/p)) CO{(PZZJF(S - 51) x
Xl—stin(qoz +(pl—§jlsinﬂ2 cosﬂz}

J 2t TSV ,
W22 = V\é[—(rz +R,c08%,)s ’{(Pzer(ﬁl —§1jx (8)

x}+ stin[(pzz+(pl—§1Jlsin222COSﬂz]
u u u
Vz22= WP 1G5,

From expressions (5) (8), using
formulas of communication of coordinates
O XY1Z; and O;Xq,Y;1Z4; for a driving
wheel, O,X,Y>Z, and O,X,,YnZy for a
conducted wheel, we will define projections of
vectors of speeds of points of gearing to
motionless axes of coordinates. For a leading
globoid wheel we will receive:

— on heads of teeth of a driving wheel:

Vi =wWy[r{sin(gy; + @)+

+(ry + Ry cos g Jcoslpng + 1) -

— Ry sin(gyq + @1 )sin 4y cos By ],

Vyan = w[r{ coslgyy + ¢y ) - 9
—(rp + Ry cos g )sin(eyg + @y )+

+ Ry sin(gyq + 1 )sin 243 cos B,

Vzin =W p-tgp,

— on legs of teeth of aleading whed!:

Vyar =wWi[r{sin(gyy + o — &)+

+ (rl +Ry 005212)003((&1 + ¢ — 51)—
— Ry sin(gyg + ¢y — &)sin Ay, x

x cos 3y,

Vyy = wy[r{ coslpy + ¢ — & ) -

—(r, + Ry c0s Ay, 1y + Ry COS Ay ) +
+ Ry sin(pyy + 1 — & )sin A

x cosf3y ],

VziL =wip-19p;,

(10)

— on heads of teeth of a conducted
whed!:
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Viyon = Wz{ o+ Ry 005121)005((/’22 +ﬂj
u
><—— Rlsm((pzz +—j sindy 005,32}
. %

1 . ¢1 l .
x—+ R sin +-=|=9nA,, COS ,
U Ry [(Pzz U ju 21 ﬂz}

Vzou =W, p-ctgpy, (11)

— heads of teeth of a conducted wheel:
_ %!
VoL —Wz{(rz +Ry C05122)00{€022 +U - 51) X
1 . » 1.
x——R,9 +-—=-& |=9nA,, COSpHs, |,
L e "((022 y 51} [ SN2 ,52}
VoL =Ws| —(rp + Ry COSAy, )si T
Y2L 2 2 2 22 %7) u =
X E + R2 S.r(gﬂzz + ﬁ — éljés n/122 COSﬂ2:|,
u u u

V7oL =W, p-Ctgp. (12)

Absolute value of speed of movement of
a point of gearing along contact lines of a
leading (globoid) wheel:

— on heads of teeth:

Vkin = \/V)%lH +VY21H +V221H =
=W -/ Kykan -
where:
Kvkar =[r1sin(@yg + @)+ (ry + Ry cOS A7) x

xcodyy + 1) - R Sin(gyg + @y )sindyy cospy | +
+ [rl' COE((Pll + (01) - (rl +Ry C05/111)Si r‘((ﬂll + 401) +

+ R sin(@g + ¢ )sindyy cosﬂl]z +p?- tgzﬂL

(13)

— on legs of teeth:

2 2 2
VikiL = \/VX1L +Wi +Vzy =

=Wy -/ Kykar s

(14)

where:
Kuicarr =[1 Sin(prg + @1 = &)+ (1 + Ry cos Ay )x
xCos(y + 1 —&1)— Ry Sinlpyg + 1 — & )
xsin g, cosﬂl]z +[r{ codlpry + 1 &) -
+[=(r + Ry cosy )sin(ng + 9 — &) +
+ Ry sinlpyg + 1 — & )siny, cospy | +
+ p*-t9°A;,

— conducted (cylindrical) wheel:
— on heads of teeth:

2 2 2
Vi 2 =\/VX2H +Won +Vion =
=Wy -/ Kyk2H

where:

(15)

@
Kvkan = [(rz +Ry 005/121)005((/’22 + ?1) X

1 1 ?
x——Rlsn(go22+£j sn/121cosﬂ2}
u u
. o \1
+| = (ry + Ry COSAypy )SIN @050 A

2
+ R]_Sin((ﬂzz +ﬁj18in/121 C05ﬂ2:| +
u ) )u

+p?-t9°f,,
— on legs of teeth:

2 2 2
VoL = \/VXZL +Wyo +V7oL = (16)
=W -/ Kyk oL »

where:
1
KkvaL = {(rz +R, cosiy,) CO{(Pzz +% —flja -
L 2
-Rys ’{(Pzz +%_§1jasin/322 00352} +
u

+ {— (r, + Ry COS Ay, )si n((pzz + 9 fljl +
u

2
+ R2 s.n[¢22 +ﬂ_§lj£5inﬂ”22 COSﬂ2j| +
u u

p?-19°p,,
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where: r/ =rousings,.
Directing cosines of a vector of speed of

movement of aleg of gearing are equal:
— on heads of teeth of a driving wheel:

Vet = [isinlon o)+
+(ry + Ry cos Ay )cos(pyy + ¢y ) —

— Ry sin(gy; + ¢y )sin 4y cos By ],

Vyih = 1

COS Bk = = [r{ cospyy + 1) -
v Kvk1n

Vi
- (rl +Ry COSﬂll)Si n((Pll + (01)+
+ Ry sin(yg + @y )sin 45 cOs 3y,
Vz14 p-195
= . (17)
Viih v Kvkin

— on legs of teeth of aleading whed!:

COsS«x K1H =

COSykaH =

V 1
COSaKlL = X1L = X

Vieae  /Kwkac

x[r{sin(ey + @1 — &)+
+(r, + Ry cos Ay Jcos(pyg + 1 — &) -
— Ry sin(gyy + ¢y — & )sin 44, cos B ],
Wi = 1

COS Sk 11 Vi Ko

x[r{ coslgyy + 1 — &) -

—(ry + Ro cos Ay, Jsin(gyg + 1 — & )+

+ Ry sin(pyy + @y — & )sin Ay, cos 3y ],
Vzu _ P-195

COSykiL = = ’
Ve Kk

— on heads of teeth of a conducted

X

(18)

whes!:
Vo 1
cosx = = -(r, +R; co: X
K2H VK2H m [( 2 & 32.21)

u

X CO{¢22 +¢ljl - Rl S.n(sz +¢ljls-nj,21 COSﬁ2:| y
u u ju

VyraH 1

COSBy oy = = x[~(ry + R costyy)x
VikzH v Kvkan

. () 1 . » 1.
xSin +—=|—=+R;sn +-—=|=8iNAy x
[(Pzz uJu i ((022 u}u 21
x COSf3, ],

_Vzou  pectghy

COSykaon = =
Vian  y/Kukn

— on legs of tooth of a conducted whes!:

(19)

COS&KZL :VXZL = 1 X
Vikar v KwkaL
1 1
X |:(|'2 + R2 005222)C0{¢22 +—— f:lj— -
u u

-Ry Sin((/’zz + 2 fljlsmﬂzz COSﬁz]
u u

Vo 1

CosfkaL = = x
Vikar  yKykad

X |:— (rz + R2 COS/’Lzz)S- n(gﬂzz + ﬂ - é:ljl + (20)
u u

+ R2 S.n((ﬂzz +ﬂ— 51}18in122 C05ﬂ2:|,
u u

VzoL _ P-clgh

v KVK2L

The relative speed of movement of the
contact points located on contact lines of heads
and legs of teeth of the leader and conducted
wheels we will determine as a vector
difference of speeds of movement of points of
gearing along contact lines of the leader and
conducted wheels:

— on heads of teeth of the leader and legs
of teeth of the conducted:

COSykoL =
VoL

Vst =Vxin —VxoL = Kwxsrs  (21)

where:
KVXSl = wllrl’sin(goll + (pl)+ (rl + R1 cos /Ill)x
x cod@yy + 1) — Ry sin(gyy + @1 )sin Ay cos By |-
1

@
— Wy {(rz +Ry 005/122)005(%2 + Fl - flja -

Ry Sin((ﬂzz + 8 fljlsmﬂzz 005132} ;
u u
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Vst =Win —WorL = Kwa,  (22)

where:
Kvya = Wl[rl' C05((011 + (01) - (rl +R 005/111)X
xg n((/’ll + ¢’1)Jr R s n(§011 + (/’1)5i N4 Cosﬁl] -
1

u u

+ R2 S.n[¢22 +ﬂ— fljls.nﬂzz COSﬂ2:| y
u u

Vzs1 =Vzin —VzoL = Kyzsrs (23)

where:
Kvzst = P(WitgB; — Watgs,),

— on legs of teeth of aleading wheel and
heads of teeth of the conducted:

Vxs2 =VxaL —Vxon = Kyxs2,  (24)

where:
Kyxse =Wl sinleyg +o; -4 )+
+ (rl +Ry COS Ay )cos((pll +p - (fl)— R,
xsin(pyq + ¢ — &) sindy, cos By |-
—W, {(rz +R cos;LZl)co{(pzz + %jl -

u

— Rlsin((pzz +%]%sin/121 cosﬂz}

Vys2 =Wy —Vyan = Kyys2, (25)

where:
Kyvse =Wi[r{ codgyy + ¢ — &) —
—(ry + Ry c0S A5 )sin(gyy + ¢y — & )+
+ Ry sin(pyg + @y — & )sin Ay, cospy |-

. ” 1

. ?111 .

Vzs2 =Vz11 —Vzon = Kyzs2,  (26)

where:
Kvzst = P(WitgB; — Watgf, ).

The absolute value of relative speed of
movement of a point of gearing will be equal:
— on heads of teeth of aleading wheel and legs of
teeth of a conducted whes!:

2 2 2
Vg = \/Vx51 +Wg +Vig =

2 2 2
:\/KVX81+KVY51+KVZSI!

(26)

— on legs of teeth of aleading wheel and
heads of teeth of a conducted whed!:

2 2 2
Vs, = \/szz +Wsp +Vzso =

2 2 2
= \/ Kuxsz + Kwvsz + Kyzsa

(@7

Arrangements of vectors of speeds of
points of gearing on a head and on a leg of a
tooth in globoid cylindrical transfer at their
movement along contact lines are defined by
directing cosines of a vector of relative speed
of movement of a point of gearing.

For heads of teeth of the leading and legs
of teeth conducted wheels we will receive:

cosag, = Vxa AVS]
st \/ Kixa + Kvar + Kizar
008 B = Vet _ Kvysi
SL™y 2 2 2
S \/ Kuxst + Kyvar + Kyzst
(28)
V. K
Cosye = VZSL — VZS1

B 2 2 2
Va1 \/ Kvxst + Kyyst + Kvzst

For legs of teeth of the leading and heads
of teeth conducted wheels we will receive:

Vxs2 Kvxs2
COso S2 = v = > > > ,
S2 \/ Kuxsz + Kiysz + Kyzso
0S B — Wso Kvys2
Ps2 = 2 2 2
S2 \/ Kuxsz + Kyvsz + Kyzso

(29)
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C0Sy ey = Vzso _ Kvzsz
S2 V2 \/K 2 K2 K2
vxs2 t Ryyso + Kyzso

From Fig. 2 follows that the size of
absolute speed of relative movement of points
of gearing of screw tooth globoid cylindrical
gearing a variable and changes from the
maximum value on the average the section of a
globoid wheel to minimum on both sides from
this section for 0,28%.

Vg ,mm/s
F 3
]
Eo
) B
""-n-_._-_‘-_
—
]
ko [ e
= v
" S2
"
e —— 0 ——— ] VS].
fTod & F h o b »
L
-ET

Fig. 2. The absolute value of relative speed of movement of a
point of gearing of the leader Vg and conducted Vgo
wheels

CONCLUSIONS

The received mathematical dependences
allowed to establish:

1. It is established that The absolute and
relative speeds of movement of points of
contact of teeth in a screw globoid cylindrical
tooth gearing variables and which sizes change
for 0,28% during remova from the plane of
average (throat) section of a globoid whesl.

2. It is established that the difference of
absolute speeds of movement of points of
contact on a leg and a head of a leading
(globoid) cogwheel makes 1,5%.
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CKOPOCTH JIBWJKEHUS TOUKU
3ALIEIUIEHUS BJIOJIb KOHTAKTHBIX JIMHUIA
B KPYTOBUHTOBOM 3YBYATOI
[JIOBOUIHO-LIUIMHAPUYECKON ITEPEJAYE

Huxonaii Ymymoe, Hamanvs Ilnacyas

AHHOTa ous. B cratbe wu3noXKeHA MaTeMaTHYecKas
MOJCIIb CKOpOCTeﬁ JABUXCHHS TOUCK 3alCIIJIICHHUA BIOJIb
KOHTAaKTHBIX JIMHUH B prFOBI/IHTOBOﬁ FJ'IO6OI/IJIHO'

HWIMHAPUYECKOH 3yOuaroid mepenade. [lomydeHs
MaTeMaTHYeCKHe 3aBHCUMOCTH Ul OOCATIOTHBIX H
OTHOCHUTENBHBIX ~ CKOpOCTE€H  JBIDKEHHS  TOYEK

3alelyICHUs] MO0 KOHTAKTHBIM JHUHHUSAM Ha TOJOBKaxX H
HOXKKaX 3yOBeB BEIyIIETO W BEIOMOTO Koiec. Takxke
MONyYeHBl MaTeMAaTHYECKHE 3aBHCHMOCTH UL YTJIOB
MEXIy BEKTOpaMH CKOpOCTed M  OCHOBHBIMHU
KOOPAWHATHBIMH JTMHUSMHU.

KnroueBbie cioBa: 3ybOuaras mepenaya, rio0OUIHO-
[WJIMHIPUYECKas, KPyTOBHHTOBAS.



