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GEARING WITH INCREASED TEETH WEAR RESISTANCE

The most important criterions of gearing efficiency are teeth wear resistance. The order
of synthesis of rack cutter instrument for manufacture of gears with increased teeth
wear resistance is considered. It is based on the model of teeth wear of closed gearing
that works in oil reservoir. The differential equation is derived; its solution determines
geometrical parameters of original profile. The parameters depend on setpoint of com-
parative teeth wear of synthesizing gearing and involute gearing. The finding solution is
used for creation of equation of working teeth surfaces in toothing.

Key words: gear-drives, teeth, teeth wear, geometrical parameters, increased wear re-
sistance.

Introduction. In modern conditions the enterprises of different branches feel a
need for high-quality reliable and durable gear-drives, which are one of the most criti-
cal part of modern machine. The capacity for work is mostly determined by indexes of
driving gears. That's why the perfection of gear-drives, incoming into the problem of
multicriterion synthesis of machine-building structure, is actual.

During many decades the geometry-kinematical criterions such as relative velocity,
summary velocity of roll working surfaces, reduced curvature, specific slips [2; 3; 4]
are used for estimation of capacity for gear work. Besides these criterions the inte-
grates criterions are used, too. They are contact stability, wear criterion, criterion of
loses in toothing, criterion of thickness of oil film in the place of teeth contact, tem-
perature criterion of jam, specific work of force friction [3; 4].

Last years the topic of synthesis became very actual. The range of reports is devot-
ed to it. For example [4; 5]. Using the results, it is possible to produce gears with high
meanings of every given criterions. The synthesis is made according to one of these
criterions, and others are used for comparative analysis.

In work [4; 5] there are the results of synthesis of gears with meanings of geometry-
kinematical criterions with sequential analysis of integrates criterions. However, it is possible
the synthesis of original loop geometry directly with meanings of integrates criterions.

One of the most important criterions of gearing efficiency is teeth wear resistance.
Especially if it is open gearings, where increased teeth wear is noticed [6]. However,
teeth wear cannot be excluded in conditions of boundary friction, even they work in
closed oil bath. That is why it is important to pay attention in solving task of estima-
tion teeth wear closed gearings and development teeth geometry of gearings with in-
creased wear resistance, characterizing of reduced wear of working teeth surfaces.

Objects and problems. The purpose of article is the determination of functional corre-
lation between geometrical parameters of basic rack for spur gear and wear criterion.
The value of teeth wear for spur gears will be the meaning [4; 6].

h,=Q,f"n . (1)
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Where: f* — the coefficient of sliding friction in toothing; 7 — the specific sliding;

() — the parameter, which is not depended on geometry of working teeth surfaces;

u

¢, — the parameter of curve friction weariness.

According to the equality (1), we can notice that we can reduce the value of teeth
wear if we reduce the coefficient of sliding friction and specific sliding. Look at the
task when we determine the geometry of working teeth surfaces of spurs with reduced
value wear in comparing with involute teeth. According to (1) the value wear of invo-
lute teeth will equal to

hue = Qufetyr’e : (2)
Where: f, — the value of coefficient of sliding friction in involute teeth; 17, — the

specific sliding in toothing of involute teeth.

The ratios of wear values (1) and (2) which use the results of work (2) will equal
= _036,40,5 _03t,-1,5 . 2
h,=x"7"¢7" "sin"a, |, 3)

u
where x — relative reduced curvature of working surfaces of gearing with increased
unknown gearing in comparing with involute gearing. It equals to [5]

_ !g_frgv)z 4)

g3

=1

¢=sina.

In these equalities: f, — the variable parameter; ¢ — the profile angle of original
profile in unknown gearing; ¢, — the profile angle of original profile instrument of
involute gearing; ¢' — the derivative function s according ¢ to f.

The equality (4) together with (3) has given Et . It is a differential equation. The
answer is determined the current profile angle of original profile }71‘ = const (the

meaning }71‘ (1 shows how many times the wear value is less than the wear value of

involute gearing (g = g( £ )):
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a;=03t,+05, ¢, =sina,

o, — the profile angle of original profile in unknown gearing if f, = f,.
The equation of original profile in initial gearing will be offered in the form of se-
ries (axis O ", /> (picture 1) has the direction along the initial straight line)

fo = fro+ fo' (i = o)+ 3 12" = i+ £ Uy = o)+ ©)
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Where J5 — the value of function f, and f, = fio; f2%'s fa''s foo'' —

the values of the first three derivations when f, = f,,.

~ [24
Uy
[Lh
TN
,‘\:
A .
1
/o,
f.?l)

Fig. 1. The scheme of original profile

The values of derivations will equal

Ja'= co > fzo”:g—o3- (7
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According to equalities (3) and (4) it follows that
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If we determine f, from (6) it is necessary to assign &, in proportions (5),
J1 = fio- Then the equation of curve will be determined when the given value of Et

and ¢, from (6). The original profile is drawn a line around by the equation of curve.

The equalities of teeth surfaces of engaged wheels, which connected with them in
the coordinates X,0,Y, and X,0,Y,, will be [4]
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Fig. 2. The scheme of toothing
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— the equation of the surfaces for toothed wheel 1
X = (fl +Rl)cos¢l +Q;sing,,
» =i +R Jsing, —Q, cos g, (10)
— the equation of the surfaces for toothed wheel 2
Xy = ( 1 _Rz)COS% —Qsing,,
vy ==f; + Ry )sinp, = Q, cos gy, (11)
The designations are used in the equations (9) and (11) such as
R, , R, —radii of the nominal pitch circle for wheels 1 and 2 correspondently;
@,,®, —angular turn of wheels 1 and 2 correspondently.
o _fi=¢’ 1

%!
—_— Z—Q + N =, u=—
1 p 21 R1( 1 fz) %) ” R,

The boundaries of the field of toothing will be determined by proportions
Ry = \/(flal +R1)2 +Q7

R :\/(fmz ~Ry) + Qi (12)
Where R, R,, —radii of addendum circles 1 and 2 correspondently; f,.,»  fiu2>

Q, .., Q,,, —values corresponding to R, and R, .

Geometry-kinetic criterions of such gearing determine the complex criterions of
capacity for work [4]. They will equal:

— the sliding velocity if @, = 1l (@, - the angular velocity of the toothed wheel 1)
c

2
V”:(ﬁFF+JZ;FFf§ (13)

. . 1 1 .
— the circular velocity of teeth surfaces @, = —; @, = — (®, the angular velocity
c c

w
of the wheel 2 is @, =—= )
u

y R+ hile-fig) R -file-fid).

S S (14)
Y db-he) ’ s6- ¢
— the total circular velocity of the working teeth surfaces
1
2R’ + fils _flg’{l_uj
Vs = (15)
: s(s - 16"
— the reduced curvature of working teeth surfaces
_ (R, + Ry e~ fis')’
[ A, Al fie) o
g{Rl L1 §g3 15 }{Rz 1 §g3 15 }

— the specific sliding
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poeltl  Sile=fig) a7
u {Ri ifl(g—zflg)}gz
S
where the upper sign is 7 =1 — for the wheel 1, and lower sign i = 2 — for the wheel 2.
It is necessary to continue for involute gearing in proportions (13) ... (17)

¢=sina,, (a, =const), g'=0 .
According to the qualities (3) and (4) we’ll have
0,5
¢ fig'={r, -c*) (18)
the value will be used with determining of geometry-kinetic criterions (13) ... (17).

The values of complex criterions of working capacity will equal (2).
— the criterion of wear of the working teeth surfaces

hu = Quqaftyr’[
— the criterion of losses in toothing
AP =q V" (19)
— the criterion of thickness of oil layer between working teeth surfaces
V0,75
_ z
o Qo Zo,4q0,15 (20)
— the temperature criterion of jam in working teeth surfaces
12,025
K, =Q, fqa—x 1)

ViVs
— the specific work of frictional forces in toothing

dAfﬁ =4,/ (22)
The designations are introduced in ratios (19) ... (22): 2, Q_, Q ; — the values,

which are not depended on the teeth geometry; g, — the axial force, which has an ef-

fect per unit teeth length (the single axial force).
The values of coefficient of sliding friction are shown in the form [6]

HBR ]
f=0,q" {10 +lg =t X } Pl ol 74 (23)

Where HB — the hardness of the less hard tooth that is in contact (kg/cm); R, —
the roughness of the hardest tooth that is in contact (cm); £, — the reduced module of

material elasticity of catching wheels (kg/cm).
The single axial force equals

g,
4¢. = T7—>
JI-¢°
where ¢, — circular force, which has an effect per unit teeth length.

Conclusions.
1. The recommendations for determination of geometrical parameters of spur gears
profile with increased wear resistance were worked out.
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2. The recommendations for determination of working capacity criterions for spur
gears with increased wear resistance were considered.
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IT. TKAY, IT. HOCKO, O. BAIIITA, I FOHKO, FO. [JUEPIH, O. TEPACHMOBA
3YBYACTI IEPEJAYI 31 35 UILINEHOIO 3HOCOCTIMKICTIO 3YEBIIB

HaiiBaxxnuBimmmu KpuTepissMu e(eKTUBHOCTI 3y0UacTHX mepenad € 3HOCOCTIHKICTh 3YOIiB.
[Ipote 3HOC 3yOIiB HE MOXKE OYTH BHUKIIOUYECHHA B YMOBaX T'PaHHYHOTO TEPTS, HABITH SKIIO
BOHH TIPALIOIOTH Y 3aKPHUTii MacisHii BaHHI. Och YoMy, ITpY BHUPIIIEHH] 3a/1a4i OI[iHIOBAHHS
3HOCY 3yOIliB 3aMKHYTHX IIepead Ta pO3BUTKY Ir'eoMeTpii 3yOIiB 3y04acTux Irepeaad 3 IIiJBu-
HICHOK 3HOCOCTIHMKICTIO, Ba)KIIMBO 3BEPHYTH yBary, Ha XapaKTEPHCTHKU 3MEHIICHHS 3HOCY
pobounx MmoBepX0oHb 3y0iB. METOIO CTaTTi € BU3HAYECHHS ()YHKIIOHAIBEHOI KOPETAIil MiX Teo-
METPUYHAMH TIapamMeTpaMu 0a30BOI CTIMKH IS 3y0YacTHX Tepenad Ta KPUTEpisIMHU 3HOCY.
Po3rnsHYTO MOPSIOK CHHTE3Y CTPIYKOBOTO IHCTPYMEHTY IJIsi BUPOOHHIITBA 3yOUYACTHX IIepe-
J1ad 3 I JBUIIEHOI0 3HOCOCTIHKICTIO 3yOIIiB. BiH 3acHOBaHMIT Ha MOJeTi 3HOCY 3Y0iB 3aMKHYTO1
mepeaadi, ska MpaIoe B MaCISTHOMY pe3epByapi. Mu MOXKEMO TTOMITHTH, 0 MOXKHA 3HU3HUTH
BEJIMYUHY 3HOCY 3YyOIIiB, SIKIIO 3MEHITUTH KOSQIIIEHT TEPTsI KOB3aHHS Ta TUTOMOTO KOB3aHHS.
3rigHO i3 3aBJaHHSAM, KOJIW MH BU3HAYMMO T'€OMETPIiI0 poOOYNX TOBEPXOHB 3YOIIB 31 3HMKE-
HUM 3HAYCHHSM 3HOCY IOPIBHSHO 3 €BOJIBBEHTHUMH 3yOousMu. OTpuMaHo andepeHuiiiae pis-
HSHHS PO3B'SI30K SKOTO BH3HAYAE TEOMETPUYHI ITapaMeTpH OpHTiHaIbHOrO mpodinro. [Tapame-
TPH 3aJIeKaTh Bifl 3a1aHOI BEIMYWHU MTOPIBHAIHHOTO 3HOCY CHHTH30BAaHUX 3YOIiB 3y09acThX
mepenad JBUTYHIB. | €OMETpHYHO-KIHETHYHI KpUTEpii Takoi Irepenadi BU3HAYAIOTH CKJIAIHI
KpHUTepil Mpane3JaTHOCTI: MBUAKICTh KOB3aHHS, KPYroBa MIBHIKICTh ITOBEPXOHB 3YyOIIiB, 3ara-
JIFHA KPYroBa MIBUAKICTH POOOYMX IMOBEPXOHH 3YOIliB, 3MEHIIICHA KPHUBU3HA POOOYHX MOBEP-
XOHB 3yOLIB, MUTOME KOB3aHHs. PillleHHS U1 BHUSABIICHHS BHKOPUCTOBYETHCS JUISI CTBOPEHHS
PiBHSHHS pOOOYHX MOBEPXOHH 3YOIiB: KPUTEPiil 3HOCY poOOUYHNX 3YOIliB, KpUTEPiil BTpAT Mixk
3yOIIsIMU, KpUTEpiil TOBIIMHY APy OJUBU MiXK POOOYMME TTOBEPXHSAMHU 3YOIlB, TEMIepaTyp-
HUM KpUTepil 3aimaHAA y poO0YNX MOBEPXHAX 3y0iB, muTOMa pobdoTa cril TepTs y 3yorsx. Ta-
KOX TIPECTaBIICHI 3HA4YeHHs Koe(ilieHTa TepTs KOB3aHHS. Po3pobiieHo pexoMeHaarii momao
BH3HAYCHHS T€OMETPUIHHX ITapaMeTpiB mpodisto 3yOIiB 3y09acTiX KOIiC 3 iABHUIIICHOIO 3HO-
cocTilikicTio. PO3rmsHyTO peKOMEeHIAIlil o0 BU3HAYEHH KPUTEPiiB Mpare3JaTHOCTI 3yOIliB
3y09acThX KOIIC 3 IiABHUIIEHO 3HOCOCTIHKICTIO.

Knrouosi cnosa: 3yduacrti nepenadi, 3yO1li, 3HOC 3yOIliB, TEOMETPHYHI TTapaMETPH, i IBUIICHA
3HOCOCTIHKICTB.
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