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ABSTRACT

The paper embodies results and analysis of an experimenial investigation carried out 1o study
the effect of case depth, case hardness and tocoth load on the surface capacity ol a relatively
new type of gearing having teeth of circular arc proliles. These gears were manufactured from
16 MnCe5. Gurburizing, quenching and tempering iechniques were used with 0.5, 1.2 and 2
mm case depth and 46, 52 and 58 HRC case hardness. also apphed tooth loads 5, 75 and
10 KN werg used. Thesa thinty pairs of gears were run to 6. 7x307 revolutions at speed 1160pm
In a power circulating gear test rig using lorced lubricatlon technique. Tesl gears were weiged
at interval of times, the accumulated weight of removed metal were drawn with the number of
ravolutions. Wear rate was calculated and drawn with the applied tooth load, case depth and
case hargness. A curve fitling was made ifor these experimental resulls using Grapher software.
Results show that an optimum case depth of the case hardened gears of circular arc tooth
profile equal to 1.1 mm and also optimum case hardness of the case equal to 53.5 HRC. Wear
rale increases with increasing the applied taoth load. Wear rate for unhardened gears increases
by 4 to 192 times than that of the case hardened gears. An empirical formulae for the
accumulated weight of removed metal with number of revolution, wear rate with tooth load,
case depth and case hardness were derived, also presented on the curves and discussed.

INTRODUCTION

Gears are usually designed for foad carrying capacity for bending strength (tooth breakage)}
andfor load carrying capacity for surface strength {tooth wear). Tooth surface failure results in
wear which beside changing the accuracy of the designed gear running may resulls in
decrease of tooth thicknass which may cause banding strength failure, Many lnvestigators{1-5]
have studied the wear characteristlc of unhardened gears of circular-arc tooth-profile.

To increase surface durabiiity, beside main design considerations regarding the choice of
material and design dimensions, several methods are adopled to decrease wear as:
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a- Mechanical surface hardening (cold-Working method) such as shol-peening.

t- Surface hardening such as flame hardening, hardening in elecirolytic hath and induclion
hardening.

c- Chemical-thermal treatments (case hardeaning) such as carburizing. nitriding, ¢yaniding,
carbunilriding, plasma nilriding, solt bath nitrocarburizing, boranizing, chromizing, Witriding
and sur-sulfing.

Many investigators{6-8) studied the surface durabilily lor involute gears using heal lreatmenl

techniques.

The aim of this work is to study the effect of case depth, case hardness and tooth load on
the surlace capacity {wear rate} for case hardened gears of circilar-arc tooth-profile, also select
the optimum conditicns of the case depth and its hardness. The effect of module. helix angle,
speed of rotatlon, and oil viscosity on the wear rate and surface capacity for case hardened
gears of circular-arc tooth-profile are done [under publication].

THE TEST GEARS

Test gears are of convex all addendum pinion profile and concave wheel tooth profile{9-13].
Contact between teeth is point moving in a straight line along the helical tooth. There is no
conjugacy between the teeth profiles except along the helical face. Thus such gears transmit
power and motion along the path of tooth contact, with the point of coniact ol the two profiles
changing under lpad 1o an ellipse. In these circumstances the problem of tribclogy applied to
this type of gearing is of a complex nature. Fig.(1) shows one pair of test gears with the
convex and cencave testh in mesh. Table (1) shows the speciiications and the main dimensions
of the test gears. while table (2) shows the chemical compesition and mechanical properties

| Finion

Numhber of pairs
MNaormal diametral pitech or (module, mm) A
Pitch diameter, mm

Normal pressure angle, deg
Helix angle, deg

Face widlh, mm

'l
|
|
[
|
!

Numbear of teeth | 20

Axial pltch, mm 35

Radll of curvatura In normal plang, mm B,4667 9.525

Radii of curvature along helix angle, mm 314.884 341,255
{

Blank diameter, mm 103.735 80.170 l
Overlap ratio 1.2
Surface roughness, u 1.6 l
gackiash, mm 0 12”
Bore diameter, mm | |

Table (1) Dimensicns and specifications ot tho les! gears

E\umontl C ' Si Mn P 8

' 034 | 015 | 100 | o035 0.035 08 T
Weight 10 o o maximum | maximum
parcant 0.19 0.4 1.20 1.10

Table (21 Chemical composition of case hardening steel used for manufaciuring test gears

Sleel grade 100 to 160 mm diameler
Code Matarial Yield point Tensile Elengation Reduction Notched at impacl
number numbar Kgfmm? strangth Ly = 5de of area strangth Kg.mfcm?
L min Kgimm? % min % min min
18MNCIS ’ 17131 60 50 J ! 50 34

Table {3 Mechamcal piopertas of case hardaning sleel used lor manulactunng lest gears



M.N7

Manseura Engineering Joural {MEJ) Vol I8, No 3. Sepr. 1993

rs - 223° helix angle.

AC motor 8/10FP | 500/3000 rpm
rolling bearings
flexible

coupiing

torque measuring coupling

ariven shait

{8 bolts MID

A— slave gears

RE

W\ A4

’ |
o6 m rod
%' dead weights
rolling bearings

seclton at A A
Fig 2 Layout of the Test Rig

Fig(3)General view of the fest rig
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THE TEST RIG

The test rig is of the power circulating type composed, as shown in Fig.{2). of iwo shafts
carrying the two lest gears al ong side and a pair of slave gears ai the ather side The driven
shaft Is composed of two parts connected together by a flange coupling. The test rig Is loaded,
as shown in the figure, by applying dead weights at the end of a lever fastened to the slotted
flange while the other flange Is iixed, thus twisting each part of the shall relative (o the olher.
The drlving shalt carrtes a graduated torque coupling 10 indicate the load on the machine. The
test rig is driven by 6/7.4 KW a.c. motor when running at speeds 1500 and 3000 rpm,
respectively. The test rig is forced lubrication by a gear pump driven by 2 HP. 1460 rev/min
maotor. Fig.(3) shows a general view of the test rig.

HEAT TREATMENT TECHNIQUL

The heal treatment technique used In this sludy was carburizing followed by hardening and
then tempering. The test gears and other test specimens for case depth, distrbution of carbon
in the case depth and microsiructure examinations waere completely surrounded with a mixlure
composed from 80% charcoal and 20% BaCos and packed in the three carburizing boxes
according 10 lhe required case depths. The boxes were covered and all openings were luled
with a ron-cracking loam to prevent air from penetrating intc the boxes. The first box
containlng group A of lest gears was placed In an electiic furnace and heated gradually al
the rate of 50°C per hour up to the carburizing temperature of 920°C and kept for a
predetermined period of time = 7.5 hrs according to Fig.(4) and table {(4-a). The box was
cooled In furnace. The sacond and third boxes were placed in the same furnace and heated
according toe Fig.(4) and table (4-a). After reaching the room tlemperature, the lest gear were
preheated In salt bath furnace to 865°C for one hour lo be hradened by oil quenching. Alter
guenching the test gears were tempered by healing them in eiectric furnace according to the
requlred case hardness as shown in Fig.(4) and table (4-b) Specliications of carburizing,

hardenlng and tempering furnaces and quenching oil are given in appendix (1 and 2).
Trmp. = 020
EHIH
L= & N
k)
5 £ Carburizing
E é’ ! Hime -
gl 5 2
Y = r
o = 2 i Tempering
h x e !-:nr-I W ohes
g ?
-

Carbirlzlog Hardentng Fetipet ieg Megas
Fig.{4) Heal lrenlment condiliony of The Vel goenrs
\\“‘\_ Group
T Group A Group B Group C
Caiburizing procais——,
Carburizing time, hrs 7.5 i8 28
Case depth, mm 0.5 1.2 2
Table (4-a) Case depth and required time
Group —{
Group D Group £ Group F

Temparing process

Tempering ternperature, °C 170 180 180

Case hardness, HRC 58 52 46
Tabla (4-b} Case hardness and raquired lemperature
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EXPERIMENTAL PROCEDURE

Tests were carried out for test gears at normal tooth loads of 5, 7.5 and 10 KN runping at
constant speed eqgual 10 1460 rev/min which correspond to tangential lransmilted loads. torques
and transmilted powers given ln Appendix (3). To sludy tha allect of the case deplh and case
hardness on the wear rate and sudace capacity of the gears of circular-arc 10oth-prolile, tests
were carrled out for a groups of test gears wilh case depths 0.5, 1.2 and 2 mm and case
hardness of 48, 52 and 58 HRC. Alsa, lhe same tests were carried oul on the lest gears
without any heat lreatment to show the dilterence between them and the case hardened gears.
Thirty palrs of test gears were used lor these experiments, Tests were carried out using force
lubricating system at rate of 2 L/min, specifications of the {ubricating oil are given in appendix
(2). Temperature of the lubricating oil in the test gear box was measured using a sensor and
a temperzature indicator mountad an the test gear box.

The metal removed after each run was measured by welghing_the lest gears before and aller
each test by a digital and analogue balance of accuracy 1%10°5 grarm and capacity 2000 gram,
lype Chyo Jupiter C2-2000, serial No. 30559, made in Japan The test gears were washed
before weighing usling an ultrasonlc cleaning tank type No, 323/201, serial No. 337226, 40 KHZ
frequency, 150 walts ouiput and 220x130x150 mm internal dimensions made In Germany and
lhen dried by a siream of compressed air.

Wear rate Is calculated from the relationship

Accumulated weight of removed metal
tooth load x number of revaclutions

Wear rate (WR) =

EXPERIMENTAL RESULTS

1- Weight of removed metal during running:

Fig.(5) shows the change in accumulated weight of removed metal {AWRM) for pinion and
wheal with number of revolutions at different tooth loads (pinion and wheel without heat
treatmant). Fig.(6, 7 and 8} show the change in AWRM for pinion and wheel with number of
revolutions at dlifferent tooth loads and case hardnass for case depths equal to 05, 1.2 and
2 mm, respectively. (U is clear from these figures that the AWRM is rappidly increases with
increasing the number of revolutions for the pinion and wheel without heat trealment than that
of the case hardened gears at any case depth or case hardness. AWRM increases with
increasing tooth load for all cases of case hardened or unhardened gears. AWRM for
unhardened wheel is greater than that of the unhardened pinion. AWRM for hardened gears of
case depth equal 2 mm s greater than that of the hardened gears ol case depth equal 0.5
mm, and AWRM for hardened gears of case depth equal 1.2 mm give a minimum values Ihan
that of case depth equal 2 mm or 0.5 mm, this is for the same tooth loads and case hardnass.
That Is to say an optimum value of the case depth is found. Also for all cases of tests, AWRM
for the smaliest and the highest case hardness (46 and 58 HRC) of the case hardened gears
are greater than that of the hardened gears of case hardness equal 52 HRBC, and AWRM of
hardened gears of case hardness equal 46 HRC is greater than that of the hardened gears of
case hardness equal 58 HRC. That is lo say an optimum value of the case hardness is found.

F1g.(9) shows the tooth breakage due to surface failure for wheel teeth and surface lailure of
the pinlon teeth at tooth lead equal 10 KN and 4.03x10% revolutions. Fig.(10) shows the toolh
breakage due to surface fallure for the wheel teeth and the surface failure of the pinion teeth
at 7.5 KN and 1.05x10” revolution. Fig.(11} shows the surface failure of the gear testh at looth
load equal 5 KN and 1.58x10° revolutions.

For all case hardened test gears there is no toolh breakage at all lests, lor example, Fig.(12)
shows a plcture of surface for pair of gear testh ahter 6.7x107 revolutions., and 7.5 KN tooth
load. .

A curva fitting for these results has besn fdund-using Grapher softwara which gives the
following aquation

AWRM = (8.75x10°% - 0.2126) NI0-4916 - 15252}

Ranges of constants given In this equation depend on the tooth load, case depth and case
nardness. The fitting equation for each curve is Indicated in Fig.(6, 7 and 8).



Moof A M M. EL-Baltlou!

9 . -
L ' ‘ i r ‘ ‘ -
860 ] —]
- : ]
70— -
g | & |
x } |
6 —
,- F
- | 7]
500 Pinion + Whee! lI —
——— Pinion h —
Lop— T Whee! __“
— B
T .
100 — _—
IO B Sy
i
0 it fpatont gt P P e e : . e —
4102 2 ¢ 6 8 pmb 2 &6 8wl 207

_ _ _ Accumulative number of revolufions
Figl 5)Change in the accumulated weight of remoyed metailAlRM) for un hardened pinion and
wheel with change of accumulafed nuimber of revolutions at different footh loads



Mansowra Engincering foural (MES) Vol 18, No. 3, Sept. 1993 M. 9t

S N A |
1600 —_
U ——
th=0 &
1500 {ase dep 0.5 mm f ]
Sl —
-]
1400 _g, L
3 !
1300 <
1200 y
1100 E‘ §’
>
DS
1000 L—____ é
« Q}“
L:T 900 | —— Tooth load I0KN 2{3-
E i
. I
S600 \
s E -
700 Tooth lood 7.5KN L
600 .
L_ {ooth load SKN
500(:_
4001 ) X
) — \ ,ﬁﬁ’h '
360 1— P\;ﬁ'\ f
200r—— /// \ N' .. g_'
P—- ,-/ ;.' = ot _( —r]
100k - WRM“BTT '3 “.q" LSS o 33"‘
’""«4 ﬂ : H‘m'“?’ L]
¢

25108 107 & 7x107
Accumulaﬁve number of revolutions

Fig.(§) Change in gccumulated weight of removed metal for pinion and

wheel with the change of accumulted aumber of revolutions af different

tooth load and different case hardness af constant case depth=05mm



M. 92 A. M. M. EL-Bahion!

840
1T I
- TTTT]
7680 | __ @
. | Case depth = 1.2 mm z
720 &
4 E
— t;"' |
660 | %4 wmmmgsisan’ 085 e
T oo o AWRM <5806 R I
. e AWRM=9.672002 N 3; <
é e AWRM=1210x107 N/ 18 —
e 000 o ao AWRM=7.140x103 N- 297
S —e-obe e AWRM- 112740 NI20
g — b AWRM 1.5 241> NO973 o
. 5490 —o—o—0— AWRM=206%10" N!-'83
= e AWRM=7.35uxi0° N"042 —
3 — —
< 480 Taoth load 10 KN
—~ y
—— o T ot
4200 _ N Ve
Y,
- Tooth loag_7 5 KM NS 6
Py .
360 /
Joeol__ Toolh toad_5 Kn T
F— o
240 >
| b
7 _ _
§do__ - %y A
| Lo = ’@,15"
120|__ . NP 1l
o o B
- o Z poteandl

60 -r"%v
ST s Hla

2406 A6 8 4 6 70’
Accumuiative number of revolutions

Fig { 7)Changé in acculated weight of removed metal for pinion and
wheel with the change of accumulated number of revolubions at different
footh load and different case hardness af constant case depth=12mm




Mansowra Engineering Joural (MEJ) Vol 18, No. 3, Sept. 1993

M. 97

T s
1600 | , I | H ' [ l / r
L & / —
1500 - —- (ase depth = Z mm E / _j
1400 — K 3‘,’ —
| 3 / ]
o !
1300 o .
B | ] A
gfas >
7zaar__ 2 g g;/ 2y
S o '5.? >
1100 — of &5 4
- 8 3 2 _
< 2 gl 3 &£
Lg 1000 —- K ES é:o::f % __‘4
i L— § )J "; ]
g\;: 700, — Toolh loag 10KH / §
: S S/
800| __ N / &/ —/ .
L_ \\\‘“ -~ N C?' -
700 NI ~ v |
— / & f—
| Toolhloud ngHH | / 4 ?g)e/ ]
6001 _ o
. \ / ‘§ _
\ g??/
500 \ ) N ]
| _Teothicod § XN >, v
+I —
sool \N / N S
dJ L oW #d?
— : o 20 _o c_.,'l/“:) ]
) = S, 4 .
300 / _ ?;g% s ;,’/ —
— "c' 5 R /y w
200 / S 8T A ]
e l, “H NP sﬁ‘ﬁ./ ) <
- g £} b‘\..l‘&h =] P‘ﬁ‘ﬁ%{ /’ —_—
700 - e d T g 088 o )
= s A S -
s eC. A sl
0 B e e e I

1500 2

]

8 A1/

. 4 5 w0’

4.
Fig {8} Change inaccumulated weight of removed metal for pinion and
wheel with the change of accumulated number of revoluhons atdifferent
tooth load and different case fhardness af constant casedepth= 2 mm



A M. M. EL-Bahioul

M. 94

PUe PROIN M G 1 € B4Ry 3IB4ns pue 3
Injiey 3384NS L0y abe

N34 9OIXED G =su0y
‘NMOL=pBO} je gunpey axe31ns pue 3

SR 83840 [ UOIUIS abeyeasq yoof < joaym

SUOHNIOASS 40l x50y
503834 4100y {0) b1
3EBJIG Y400 133uM

MOABS JO JEQUWNU
e3eaJG 409y (61614

TAHESTHIWWS0705 #ay [OF X L9 PUE pRop Ny ST fe JasyMm
pue uoiuid pauspiey aser Jof JeaM a3e)ins {ZL)Bry
uoiul 1884/

SUCHINI0ABYS , ([ X85 L PUE PO Yf00f
NY G e paym pue uolurd Jo ainyey 82044nS (11)614
uotuiA .._mmr.\x




Mansoura Enginecring fowral (MES) Vol I8, No. 3, Sept. 1993 Af. 0§

2- Effact of Tooth Load on the Wear Rale

Fig.{13) shows the change of lha wear rate of tha hardened lest gears with ihe change of
tooth load at different case depths and case hardness. From this figure it is very clearly noliced
that Ihe wear rate Increases with increasing the tooth load for lested gears. Wear rale for case
depth of 2 mm is greater than thal for the case depth equal to 0.5 mm, wear rate far test
gears of case depth equal to 1.2 mm gives minimum values for all the tesied gears This
means that an optimum case depth is found. Also for all case depths, wear rate of the test
gears with hardness (46 HRC) {s greater than that for the gears of {58 HRC), wear rate is
minimum for test gear with medium hardness (52 HRC). This means that there is an optimum
valug of the case hardness.

A curve fitling for these results Is derived using Grapher software which gives the equation
Wear rate WR = (3.503x10°"7 - j.00ax1g™'%) pi&4t7e - 2019)

Ranges of the constants given in this equation depend on the case depth, and case hardness.
The lidlng equation far each curve is indicated In Fig.{13).

3- Effect of Case Depth

Fig.(14) shows the change of the wear rate of the hardened test gears with the change of the
case depth for different case hardness at different togth loads. From this figure it is noticed
that, wear rate decreases with increasing the case depth lo a cerain value of the case and
then increases with increasing the case depth for all test conditions.

A curve fitting for these results has been found using Grapher saftware which gives the
following equation

WR = A + B.CD 4+ C.GD?

Where A, B and C are constants. which depending on the applied tooth load and case
hardness of the test gears. The fiting equation for each curve is indicated in Fig {15)

From the above equations and Fig.(14} an optimum value of the case depth 1s ¢alcutaled and
equal to 1.004 - 1.239 mm for all test conditions with mean valve of 1.094 mm.

4- Effect of Case Hardness

Fig.{15) shows the change of the wear rate with the change of case hardness at different case
depths and different tooth loads. From this figure, it is naticed that wear rate decreases with
Increasing the case hatdness for all case depths at different tooth loads to a cedain value
and then increases with increasing the case hardness of the test gears. A curve fitting for
these resuts has been found using Grapher software which gives the following eguation

WR = D + E.CH + F.CH?

Where D, E and G are constants, which depending on the c¢ase debth and applied tooth {oad
on the test gears. The fitting equation Tor each curve is indicaled in Fig.{15).

From the above equation and Fig.(15} an optimum value of the case hardness of the hardened
test gears is found to be 53.23 - 53.98 HRC, for all applied tooth lcads and case depths, with
mean value of 53.5 HRC.

DISCUSSION OF THE EXPERIMENTAL RESULTS

During gear ruening, the surface and subsurface of the teeth in mesh are subjected 10 tension,
compression and shear stresses. This surface contagt is made between crests of surface waves.
A number of actlons take place, heavy rubbing and detormatlon of matal, plowing by "hills" on
the harder mnaterial through the solter material, which results in breaking off worn particles’ and
creatlng surfaces of diferent roughness and finaily welding of minute high areas that have haen
rubbed clean. The minute welds break immediately, as motion continues, but may break at
another section so that metal is transferred from one surface to the other. New surface
roughness is lormed, some to he plowed off to form wear panicles.

Wit Increasing the number-of revdiutions, a very large number of minute cracks form in and
beiow the surlace which may grow and join togther. Eventuaily, small bits of metal are
separated and forced out, leaving pits. surface fatlgus may occur. By further increasing the
number of revolutions, pits continue to form and enlarge as edges crumble or pits collides into
each other. Eventually the designed tooth shape is deformed generating noise and vibration
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With Increase of amount of removed metal the tooth thickness decreases which may lead o
strength falfure and tooth hreakage.

With Increase of applied tocth lcad tha area of contact and the tooth dellections along and
across the path of contacl increase. This leads to unstabie tubrication conditions and difficulty
of ot flm formation, Heat generation and confact lemperature for the area of conlact increase.
strenglt: of the material decrcases, accordingly removed melal and wear rale increase.

For increasing the case depth and/or case hardness yeild limit and ultimate strength of the
case Incrsase, wear resistance increases consequently wear rate decreases [0 a cerlain value,
By increasing the case depth andfor case hardness, the contact area of the teeth did not easiy
develcp plastlc detformation, tharefare it induced a relatively small contact area and high
contact pressure. In the hardened layer composed of fine structures, such as marensile and
retained austenite, the thermal conductivity is refatively fow and thg flash temperature becomes
high. Therefors the amount of weight of removed metal and wear rate increases.

The Increase of relained austenile resulting from further increasing 'he casa depth, dacrease
the vield and ultimate stress of the material. 1 also decreases the fatigue limit and increase
the crack propagaticn. This is believed (0 be the reason of increase of the wear rate. Also for
largast case depth and case hardness, rigidity of the case hardened gear teeth increases,
followed by increase of vibratlon level and dynamic load, tooth further increase of weight of
removed metal and wear rate.

CONCLUSION
Wear rate for case hardened gears decreases wilh increase of case depth tending to reach a
minimum at 1.1 mm case depth and increases again with further increase of the case depth.

Waeaar rate far case hardened gears decreases with increase of case hardness iending to reach
a minimum at 53.5 HRC and Increases agaln with Increase ot case hardness.

Wear rate of hardened gears of circular-arc taogth-profile increases gradually with increase of
applied tooth load. For unhardened gears this rate is about 4 to 192 times the wear rate for
case hardened gears. This range depending on the tooth lpad, case depth and case hardness.

Empirical formulae are derived to help the designer to estimate the wear rate and accumulaled
welght of removed matal from the design parameters:

- Wear rate with 1ooth Ioad "

WR = (3.593x10 - 1.008x10 y P

- Wear rate with case depth
WR = A + BCO + CCD

- Wear rate with case hardness
WR = D + ECH + F.CH

- Accumulated weight of removed metagowru& {'Il.‘l'l'gl%ezli of revolution
AWRM = (8.75x10 ~ 0.2126) N

Values and ranges ol the constants given in the above equalions depending on Lhe
experimenial test conditions.

f0.4178 - 2079}

For unhardersd test gears. tooth breakage cccured at tooth load of 10 KN and 4.03x10°
revolutlons, also at tooth load of 75 KN and t.05x107 revolutions. Thare is no tooth breakage
at tooth ioad of 5 KN and 1.58x10’ revolutions. For case hardened gears, there is no tooth
breakage durlng running to 6.7x10° revolutions for all test conditions. .
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APPENDIXES
Appendix (1)
T~ Type Carbwizing Furnace Hardening Furnace Teparing F.
Iy Electic Furnace Salt bath F. Electric F
Specilicalion\\\
Dimension 600x1200x%600 @ 1000x1000 ¢ 800x1000
Type HN 27/12 DAW KPA 20/6
Volt Ix380 3Ix380 3x380 |
Power 40 KVA 85 KVA 22 KVA |
Temperature 960 °C 860 - 880 °C 850 °C |
Made in Czechosiovakia Germany Czechoslavakia j
Fulmina | |
Table (1) Specilicalions of caiburizing, hardening and lempering Furnaces

Appendix (2)

Characteristcs Lubricaling ail Quenching oil

Kinematic viscosity ¢St at 40 °c 599 309
Kingmatic viscosity ¢St at 100°C 32.7 4.7

Speclfic gravity 0.921 0.869
Pour point. max. °C -9 -18
Flash peint, min °C 174 216
Viscosity index 89 103
Timken Ok load 40 Ib (18Kp) 60 -

Appendix (3)

Table (2) Characterisiics of lha {ubricating and quenching oils.

Normal tooth load Tranamitted load, Transmiited torqua Transmillad powaer
KM KN KA. K
5 419 0.192 28.5
7.5 6.29 0.288 44.3
10 8.39 0.384 591

Table {3) Mormal tooth foad, transmitted load, 1orque and tansmilied power.



