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ABSTRACT

The paper presents the results of an experimenial investigiilion «ar—»=d
out a1 Mansowrs University Laboratories awming at studying 18- effect
ol <hange of helix angle and luBricating ol on wear ol relativigly new type
al gearing ol cireular-arc tooth-profile. Eighteen paird of gears o' & [P,
9.3 mm pitch diameter and different helix angles were run in power cir-
culating gear ol rg ol dilferent speeth and transmatting dilferent loads,
the grars hbncated with oils ol different viscomities. Fesuits showed that
wesr inpreases with increasing  hellx angle and decreases with increase
il o wiscenily. Variatiesd of amount ol wear with all the est variables
are presénted.

INTRODUCTION
Helical pears of cireular-arc looth-srefiler are :mlwn:.{ ears wath poaing
corfact between feeth changing to an elliptical area under load,  Contact betweer

these gears s along the lace and no progressave COMBCL occurs on the prafile.

In a previous p-apctl.'.l the experimental resotts ol a research program carried
out -4l Mamnsoura University Lsboratories on the stlect ol load and speed on wear
ol this type Gf poaring aré prescnied.n (hia gaper the experimental resulos showing 1he
ellect of change al helix angle and viscosily ol lubricating oil on wear are introuuced.

THE TEST RIG

The test rig is of the power circulsting 1vpe where 1wo pairs of gears are carried
by two shalts runming on roiling bearing as shown in Fig{lh The driving shaft ~arries
4 preduated torgue coupling 0 measurd the trgnumitied torguee. The grisen @t
Is camposed of two parti connected together by a [lange coupling, The rie i loaded
by spplying dead weights at the end of o lever fastencd to each |lange, | hus twisting
wach part of the shaft relative to the other. The rig I8 driven by a B/10 )P ALC.
maotar running ot speeds | 300 and: 3000 RPM respectively.

prgue measuring coupling
Test pears . MI

AC immor L10H
| S00/ 3000 RPS

Fig. (1) Layout of whe test rig

* Numbers in brackers designate relerances at end ol paner
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TEST GEARS

The test gears were supplied by the Gengral Electric Company Lid, Rugby,
Englana. They are of the CirCarC type snd the pinion is made of MM 5153 steel
the wheel i3 made of MM “16% steel. The test geary are of & DR, [ 5.2) module ),
mim pitch diameter, 25* normal pressure angle, 1.7 overlap ratio, (L423 mm
fash and |.6p surface roughnest. They are ol Gifferent helix angles, number

teeth and iace width. Table {1} give dimensions and speciflications of the test
gears. Figd2) shows the dimensions al the gear blank.

cd

1.3

i

Specificatians Test Test Teat
pair (1} | pabr (2) | pair (N
Helix angle, 'dl"! & 223 16 2,23
Face wadth, mm [ 9 L 1
Mumber of resth 20 14 I
Axial pitch, mm 13 24 19.4 X
Wlank diagmeter. iam w75t | on73st uazsdl
' Wil Ho. a7 HWh 7=

Radli of curvanse e g B b,21 23"
In nornal plane, mm LI by hRE*
Radil ol curvature 115.2* 56.12% 3627
along helix angle, mm | [23.4* al.le 3.

+ pinlan  * For wheel " _
sole (L) Dimensions and specifications of Lhe Les) gears. !:grﬂ;}ﬂmmim w1

XPERIMENTAL PROCCOURE
Wear of CirCarC pears was investigated of 225,306 and %2.23" helix angles

ising lubricating oils of 62 and 653 C.st. at 40C. kinematic viscosity. The applied
:ooth loads varying from (000 to 3000 kp at interval ol 200 kp corresponding to
trarsmitting loads varying from 671 to 2316 kp, tramsmitling torques carymng f{rom
1 ro 103 kp.mt, and the test speeds equal 1300 and MOUD RPM. Thus the transmatting

power ranges from A4 to BAZHR

Tests were carried by sing dip lubrication system, the initial temperature
of the [ubricating oil s 9ifad, wing heating roil, sensor and remperatura indicator
mounted on the 1est gear box to control the oil temperature. The characteristicy
of the lubricating oils used in 1his investigation are given n table (2)

The deposited removed metal after wear was measured by weighing the est
gears before and after each test by a digital and analoge balonc® ol accuracy

ix10°gram and capacity 2006 gram, type Chyo Jupiter CZ-2000, Serial No. 30359
made m Japan. The test ‘were washed before weighing by wing an ultrasonic
cleanimg tank 1ype No. 323201, serial Moo 337226, &6 KHZ Irequency, 130 watts
outpat and 220xi30x130 mm aternal dimensions made in W Cermany and then dried
by a stream of compressed air.

EXPERIMENTAL RESULTS AND DISCUSSION
A. Effect of Helix P p—
Fig. (3, 4 and 3] show the change of the weight of remowed metal with the

change ol applied tooth luad at dilferent speeds Tor test pairs (1, 2 and 3) respect-
wvely and lubricated by ol no.{8). Thoese curves show that wear ncreases firstly
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Characteristics Ol A) Qil(R) Qi) (C)

1 633 bn? 200
Kinematic viscosity at 7| 50 ¢ 333 253 118

100 °¢ T 324 30.8 17.6
Specific gravity 0.91-0.97 0.901 0.89%4
Pour point, max. °F { “c ) (-3) S{- 15} M 1-9%)
Flash point, min. °F % °c ) (268 ) 46d (241 ) ags (207 )
Viscosity index 70 average | 93 mun. Y2 mun.
Timkeﬂ DK load ufilb { 1% l\.P ]' ----- paascs passes _4

Table (2) Charactertstics of the (ubricating oils

at lower rate with nearly lincae relation and increases suddenly ull latlure. They
also show that wear ol wheel of the concave teeth :s more than that of the pinion
with Jts convex teeth. This may be due tc the Hertzian indentations wihich 1s maore
in the concave from the ef{fect o1 load of the convex.

Fig.l and 7) show the change ot the weight of removed metal with the change
of hefix angle at dilterent applied tooth loads for wheel of concave teeth and pinion
of convex teetn und Tunning at speeds of 13500 and 3000 RPM respectively using lubri-
cating otl (B). These curves show that the change of hehx angle tncreases shghtly
the amount of wear when the gea'= run under hgnt wooth lucds, Tos Sighar (rans-
mitted tooth loads the amount ol wear .. reases at a higher rates. For decieasui
the helix angle, the radii of curvature, Hertzian srea of contact and shding velogity
along the lace width increase. Thus reducing the amount ol wear.

B- Cifect of VIl Viscosity

FigAds and 9) show the ¢hunge ol the weight ol removed metal with the change
of oil viscosity at dilferent applied tooth loads for test pair ( ' } a1 ¢peeds 500
and 3000 RPM respectively. They show very clearly that wear decreases with increase
ol o1l wviscosity at lower rate and nearly linear relation lor light loads, while wear
decreases with oil viscosity at higher rate for higher applied tooth leads. With increase
of viscosity the ol film increases which carrmes higher loads with continuous formation
between contacting teeth. But lor light viscosity oil film is hable tor cutthing under
load together with its sensitivity to surrace roughness and Hertzian deformations.
Thus it could be concluded that the stability of oil film with higher viscosity decreases
the amount of wear for contacting teeth under the same load and speed .

. Fig.(10) shows the change of the weight of removed mertal with the change of
oil viscosity f{or different test pairso! gears and speeds at applied tooth Joad = 2000 Kp.
They show very clearly that wear at speed 3000 RPM is greater than wear at 1500 RPAL
for &!1 1est pairs of pears, this difference decreases at higher rate with increasing
}he oll viscusity and decreasing the helix angle of the test gears. This 1s due to the
increase of the load applied on the tooth by a dynamic increment caused by the
dvnamicC errors in transmission. Also with increase of speed the temperature of the
oit increases due to the generated friction between the teeth. This in-rease of tem-

perature decreases the viscosity of o1l which accordingly decreases th2 load carrying
capacity of the oil film and increases wear .

CONCLUSIONS

I-  Wear of gears of circular-arc tooth-profile increases with increasi i
t | sing the helix
a?gle at’ﬁ:\n{er rate and nearly linear relation for light loads. The ratego! increase

of wear is higher for higher applied tooth loads .
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« Wear of 1ﬁmmﬁmhﬂmuwﬁmm aitlerent
helix angles, reoth loads and spleds .

= Elect ol change ol o1l vistehity In reducing wear i more applcable for higher
okl foads .

= With increase ol speed and highef tooth lood wear increases. Thit infrease decroases
tor higher ol vascoaity and lower hebhx anghe .

3- Wear ol gears of concave teeth Is mere than wear of gear of convex teeih
for the same working conditiown and muost exparimentzl tests.
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