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Development of Rating Systems for Power Transmission Bevel Gears

T. H. Chong,* J. J. Chi,** J. H. Byun***

ABSTRACT

Rating systems of bevel gears(straight, spiral, and zerol bevel gears) which are commonly
used as power transmission devices for non-parallel axes are developed on the personal com-
puter, which analyze and/or evaluate the gear design and the service performance at the
point of view of strength and durability. The typical considerations of the ratings are the
bending strength, the surface durability, and the scoring resistance. The ratings are carried
out using the reliable standards of AGMA & Gleason Works. Therefore, the system is built so
that the variables or factors considered differently in those standards and the strength, dura-
bility, and scoring partially in Gleason are appraised seperately by each method, and a series
of the estimation processes is integrated into the system so as to compare each result,

The developed rating systems can be used in the initial stage of gear design process, and
also a better design can be performed by the evaluation of the initial design at the view point
of gear strength and durability. Additionally, it is useful for the trouble-shooting of bevel
gear systems and to the purpose of introducing the methods for maintaining design strength -
in service, with appraising the gear strength after design or with appraising the influencing
factors, as a whole,

Therefore, this rating systems can help the aim of design automation of bevel gears.

Key words @ Gear(X]3}), Bevel Gear(#]®7]¢]), Rating Systems(Z=87M)~5), Bending Strength(F
87%), Surface Durability (B4=), Scoring Resistance(=F#7E), AGMA Standard
(AGMATZ), Gleason Standard (GleasonT3).
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Factor name 'Bemilng Contact [ Scoriog
IAGMA |Gleason | AGMA [Gleason | Glerson
External dynaric factor Ka G
Overload factor Ka G
factor K | K | & ]| &

ic coefficient G | G
{Stress adjustment canstant G
Size factor K. K. G G
Cutter radius factor K« Ky
lLond exponent z
Crowning factor C
wrface condition factor Cr [+
Geometry factor (piniongeas) |Jp, JelJo, Jo| 1 1 G
Life factor Ko Ko G Co
Tewnpetature factor Kr Kt Cr Cr
Safety fector Ka | Be | Gr | Cn
[Hardness ratio factor Cy Cu
(Thermal comstant : C

factor Kr
@m 1 j j

Fig. 1 Factors for rating bevel gears(bending, con-

tact, scoring)
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Fig. 2 The structure of rating systems for bevel gear
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Fig. 3 Input items in Input parts
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| Ttem Data
Shaft angle (degren) 20.00
Number of teeth on pinion 14
Number of teeth on gear 4
Diameteral pitch {in™®) A2
Face width (in" ) 157
Sparal angle 3500
Hand of spiral on pinion” left
[Tacth taper standard
JAGMA, quality 11
Shenk dismeter of pinion (in) 250
Bore dismeter of gear  (in) 3
Cutting prooess foce—rmilling”
Pressure angle {degres) 20,00
Cutter radjus * (in) 450
Cutter edge radius, pinion{in) Q02
Cutter edge radius, gear (in) Qo2

Note : The * mark refers to zerol and spiral bevel gears.
Fig. 4 Bevel gear data for geometry caleulation

2928¢ Add02 FEkeel FouK AER
o ZERA2A LYHES TR, olst 2ol T
B AEH7} A2de 9F 2 dote) EFe] slolA
A7 HAGAL AAHS A del AewE
SI @919} English @918 A18218] 229 w2} A9
Aoz 43T & Y= B,

4, 2T "7} Nade HE A HE

ZER7E 19 Wdrleld o, 29 65HP,
1800rpm® #E71e] o8 < 600rpmoE d&LHH
= BERE HZE TE}c Adold #droot), &
Zhe 90°ol™, AE719] 7B 46kgf -melth

Fig. 4% ¢] A%9 2uold wdrlejd] st 7
=M AEE 4] A JHFEST YPALE
vehd Rold, Fig. 5 A=H/E 99 9=35¢
vehd elth Fig. 49 Fig. 59 ®o|8E tasd
< B9 4¥% ¥ AERYAE Englishd Az 8
o AGMATAH Gleason 4 W&l Z=%/18 &
gt Fig. 62 394%, ALRE, 23YPZEY
VPATE F FALZ dulgo Yehd Ao™, Fig.
T& B7hd 4% 8 4 238 AFE g U
Jd Ae=2M, Safety coefficient® *}%--@] AF) &
AZEH A2 e AMEE wdr)ole] ARg<rd

& el Zlelt,

Fig. 694 & 4 & ute} #o| & o)A H7}

71

Itern Data
Apclicati genernl
Driving member pinicn
Direction of rotation {(driver) clockwise
Chm‘acwofhad 1) pritne mover uniform
- 2)- driven machine wnifarm
Load type dypamic
Required *~ total  life D pisin  (bours) 578000
) gear 876000
. fewer than ope
Relishility requiranent Saihure in 100
Mounting “method 1) pinion ovehung
gear straddle
Speed of pinicn (pm) 18000
[Design power (hp) &0
Lubricant MIL-L-2168
Crowned / mon-crowned crowned
[Matexial 1) pinion steel
2) gear steal
Hent treatment 1) pinion carburized &
2) gear case bardened
|Surface hardoess 1) pimion (HRC) 810
2) gear 0.0
[Pinicn surface finish rougimess  (microtch) 600

Fig. 5 Bevel gear data for rating
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g, AGMAﬁ3E°] o A3A = Hrlstn 3l
&€ ¢ F I =, AGMATHEY A3 Ve
ﬁ}@l Hd]ol & @741 3% GleasonAd e A
A7 €& & F vk

N Wdriels] A=grl Al2ElE o] &8,
Fig. 4 9 Fig. 594 22 A& ¢g¥sid 28 #d
71918 dAe s =g stE s3PPl
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Ay - A5z ALY

Bending Contact Scoring

Factor nape ASA- | Gleason | AGA | Gleason | Gloason
External dynamic factor 1.000 . 1,000 il ’
Overioad facter : 1.000 il 000 i
[Bynsmic factor 0,960 | 1.000 | 0980 | 1.000 | °
Elastic coefficient - v 2290. 604 | 2805, 405 N
| Strass adjustsent constant * T 1 06U o N
Size factor 000 | 0.697 | 1.000 | 1.060 :
Load distribution factor 828 800 828 .000 '
Cutter radius factor 03 | 1008 | * | - -
Load t: * * 0,667 ° *
mmg factor i - 500 - i
Surface condltion factor ° - .000 1.000 :

Geouwetry factor, pinion 0.196 0,250

Geomeury factor, gear 0,215 | 0.247 0.ll_6 0.125 10.005950
Life factor. pinion 0.801 600 | 0.683 .
Life factor, gear _ .831 000 { 0.727 | 1.060 :
turo factor 1, 600 ;000 | 1.000 2000 -
Safoty factor 1.000 . 000 000 .000 :
Kardness ratio factor * * 000 -000 :
Tharaal constant i - . N 11

Load factor M * N . 000
Roliabi)ity factor ’ - . .000

Fig. 6 Calculated factor values for the example

ohjel AzHr|E, AH8zd, FELUYTY IS
AA gech w2 dA @FAM dAAFA A 4
o 744 W Ee 1 F WHE 93d A4 R,
7134, 2¥71Ed B2e 449 AFd dstd 4
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ot B¢ gk AEF Alnst S Arede Mz o
& FHe ZAxB7}t AR BEYILE B 2 ¢
A& AA3 748 ok & Helth,

. € B
Ed7dME 999 BA=EE 3L Adsie ) A

48z Wd7]o (2EdE, AE % Avcld ¥
o) dFoR XA AAY FHA AR BxF

Z v nddd ¢ e 2Rt A2k AR
wetA AAGAA Z714AGAY 7 ELAN Bd
Azte AL Z=e A AFER ¢ I
ong Hrp 42 448 9¢ F YA =HAen, 47
7b g2d AR Fewst R XRke] A gleiA
festor ¥ AREE dERAFIHA FET 5 UA H
of AALAN AAZEE *AH] AF BLE A
Av AAZAY Feid EdgsE §9 ZAd o4
T & vk B A= Aade w2d AR
AA FREA 0] &8 § UTF FAs XA
A5aE o153y f&3 o4 & gich

Nk

rak

B fEed, A= 5& AGMA 2 Gleason 1. Dudley, D.W., Handbook of Practical
THL ogdle FULE, HAY4E 9 23YPES Gear Design, McGraw-Hill, 1984.
yrtstg e, zt ZAxgshbid wel Frse A= 2. AHE, A5y Q5 F=gr Axd g
W AR AoldA 2Ee Wy 2 A4 9% a3, @A =Ty, ALTHE, A1E,
Bendi __Contact Scoring |
Iten A Gloason | AGWA_ | Gleason | Gleason
Allowsble stress or index | 70000, 000 | 30000, 000 1225000, 0003250000, 000] 650,000
Yorking stress or index S8173. 422 30000. 000 [163612. 047 250000. 000] 650, 000
Calculated stress or_index | 35914. 820 | 10418. 520 [128637. 172[1:4634. 810] 306. 625
Safety cosfficient 1.620 2.8 1.272 1.857 2.120

Fig. 7 Rated stresses and scoring indeces
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