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Development of Strength and Durability Estimation System
for Power Transmission Cylindrical Gears

Tae Hyong Chong and Joon Hyong Byun
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Abstract

A strength and durability estimation system of involute cylindrical gears which are commonly
used as power transmission devices is developed on the personal computer, which analyzes and/
or evaluates the gear design and the service performance at the point of view of strength and
durability. The typical considerations are the bending strengh and the sunface durability, and the
strength and durability estimations are carried out using the reliable standards of AGMA & ISO.
In addition, the finite element analysis(FEM) of tooth bending stress is conducted in order to
compare the real maximum stress with the estimaed bending stress by the standard. Therefore,
the system is built so that the variables or factors considered differently in those standards and
the strength & durability 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 strength and
durability estimation system 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 strength
and durability. And it is useful to the purpose of the trouble-shooting of gear system and the
purpose of introducing the methods for maintaining design strength in service, with appraising the
strength and durability after design or with appraising the influencing factors, as a whole.
Therefore, this strength and durability estimation system can help the aim of automatic design of

cylindrical gears.
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Factor name Bending Contact
IS0 [AGMA| ISO |AGMA

Tooth form Yr

Stress correction Ys

Helix angle YB ZB

Zone Zn

Contact ratio Ze

Geometry J I

Elasticity I Ce

Gear ratio u

Application Ka Ka | Ka Ca

Dynamic Kv | Kv [ Kv | Cv

Transverse load distribution Kpa Kﬂa

Longitudinal load distribution Krg | K Kig | Cam

Rim thickness Kg

Pinion single pair mesh Zp

Size Yy | Ks[2Zx | GCs

Relative notch sensitivity YarolT

Relative surface condition YRrolT

Stress correction(Test gear) Yst

Speed Zy

Roughness, Surface condition Zp Cs

Life Wr [KulZv | C

Work hardening Zy

Hardness ratio

Lubricant /%

Temperature Kr

Minioun safety SFmin SHmin

Reljability Kr Cr

Fig. 1 Factors for bending strength and surface dura-

bility estimation
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(3) Main Bodyoll A} #Al4ls =z =
Post-Processore] 4} 7| %202 A3},

1. AGMA
lir’e—Processor Data Input 2 IS0
3.FIM

Auto-Meshing for F.E, M,—I

1.Element Connectivity Table
2.Node Coordinates
3.Modeling Considerations

Body |—[—| Ao |
lLost—Processoﬂ——{&utput Each Resm

-—[Output Comparing Resuﬂ]

Fig. 2 The structure of gear strength and durability
estimation system
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Pre-Processort 2y e & %3} A& =tolel o3} Main Body= Pre-Processorol A <& = zt%
PAoz dolgle e ol dHAgGY slg ¢  HolEHE o]&3led AGMA Ao 97 F=H7},
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st a9k AAe WF gl 2 ae] 2" A (7), @) HH AFTAFE A4eted 45
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£} (1219 EHINE F£¥sie] A (11~14)8 FHLALEE

Al Ak ghet
Post-Processor+ Pre-Processore] gl & Ap3} 3}
won | | om pe— Main Bodyol 4 A48 #=%7} 2345 24ss

Service |operating state,required life, TEoRA, Azl BEAE AAke FHHAG

condition ranenitting pove, pinion, Aol A%E nEdE £5 e AU

max. pitch line velocity o}, &3 YT oz FHTE 2} &

Mounting |mounting type, mounting layout, B3zt dald ZAEA 4 (Fig. 1) o 718} A8

et correction ™ "o TEE Agdez FusbseA Rozd 48R

Geometry [gear type, number of teeth, face width, = 70L-“:—§g 7}%140“ _‘:T’_f;‘}g};:_% :Tl'xgﬁ\_r’]'

geometry of cutting tool, addendum modi-
fication coefficients, backlash
profile & lead mwodifications 4 AIAE“O' E"% EL %’IE
Miscella- material properties
neous AR AF A B} ALYE o E3hod,
heat treatment, surface rough- |load
ness, endurance limit, errors, |position, AANZEHE FEEY FL35¢ e 4 paper
cu.xality. grinding thickness :;::?nt mille] dryer conveyer beltE FE317] 9lat 23
cosity siniom blank empera (sistancs | AS71E AAY A, 2714AAULZA Fig 59
Bl e BE U S UBANE 4422 BedAE
ghness S,
Fig.3 Input items in Pre-Processor Fig. 62 Al&dle] zZ7[slwe g 4T 7ts
FopE Addeld sed qrledAdEs Fegst
AsE wimas] A AbAY wHe 25 4
w Gear Geometry SE=E AEe(1,2,3 A™), o|« =lxjute] A
1.Bending Stress B 0L dHFgez N AL Fg g,
3 Corresponding Factors Fig. 7& Pre-Processorol 4 A-§xstel oj3h%
ALLOT| 2 Allovable Contact Stress $oel 98g daht Hue Ui Aoz A3
3.Corresponding Factors o Agads AA4AE YAHE A9 AE
Fig.4 Structure of AGMA (ISO) in strength and Hekd sl

durability estimation system Fig. 82 Main Bodyoll4| #=3715 443 %
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Item Unit{ Pinion Gear
Machine Electric [Conveyer
motor belt
Operating states Commercial Enclosed Unit
Type External spur
Normal module mm 3.0
Normal pressure angle deg 20.0
Helix angle deg 0.0
Cutter addendum Mn] 1.25 1.25
Cutter edge radius Mn 0.25 0.25
Quality AGMA(1S0) 8 (6) 8 (6)
No. of Teeth 31 92
Addendum modif, coeff. Mn] 0.00 0.00
Backlash mm| 0.27 0.27
Face width ms| 50.0 50.0
No. of revolution rpm 800 269
Transmitting power Kw 36.0
Material SCM440 SCM440
Heat treatment Carburized|Carburized
Case hard, |case hard,

Hardness HBN 540 540
Allowable Stress|Bending| MPa 380 380

(Material) Contact| MPa 1250 1250

NOTE : Mn denotes the unit normal module.

Fig. 5 An example of gear pair for strength and
durability estimation.

Power Transmission Gear < STRENGTH & DURABILITY ESTIMATION > Han Yang Univ.

8% This systep estimates the Bending Strength & Surface Durability
of Involute Cylindrical Gears by using the methods as follows

1. AGMA
2. 180
3. FEM
0 hoosing

Fig.6 Initial window chosing the methods of stre-
ngth and durability estimation.

(Qata Inputd AGMA IS0 FEM

Operating state
1. Open Gearing
2. Commercial Enclosed Gear Unit
3. Precision Enclosed Gear Unit
4. Extra Precision Enclosed Gear Unit
Choose Number : 2

Transmi tted Power (K¥) : 36.0
Pinion Revolution Speed (rpm) : 800.0
Required Life  (Load Cycle) : 2.61E8
Mounting Type

1. Between Bearing

2. Overhung

Choose number : 1

Fig. 7 Example window of data input procedure in
Pre-Processor

<{Qutput Results)> AGMA IS0 FEM

Strength & Durability estimation has been
conducted.
Choose the output options as foliows :

1. AGMA Results
2. IS0 Results
3. FEM Results
0. End choosing

Choose number
and
and
and

S W

1. Stresses

2. Influencing Factors
3. Miscellaneous items
0

End choosing
Choose number : 1
and 2
and 0

Fig. 8 Example window for choosing output option
in Post-Processor
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Factor nage Bending | Contact

ISOJAGMA| ISO}AGMA

Tooth form 1.34

Stress correction 2.12

Helix angle 1.0 1.0

Zone 2.49

Contact ratio 0.87

Geometry 0.36 0.11

Elasticity 187 |187

Gear ratio 2.97

Application 1,.25{1.251.25(1.25

Dynamic 1,.09/0.81]1.09]0. 81

Trans, load distribution(l.19 1.19

Longi. load distribution]1,14]1.20{1.16]1.20

Rim thickness 1.0

Pinion single pair mesh 1.03

Size 1,0 j1.0 }1.0 J1.0

Rel. notch sensitivity [0.99

Rel. surface condition |0.98

Stress corr. (Test Gear)|2.0

Speed 0.98
Roughness, Surface cond. 0.9211.0
Life 1.0 {0.96{1.0 {0.93
Work hardening 1.0
Hardness ratio 1.0
Lubricant 0.97
Temperature 1.0 1.0
Minimum safety 1.0 1.0
Reliability 1.0 1.0

(a) Estimated values of factors by ISO and AGMA

Items Bending Contact
ISO | AGMA| ISO | AGMA
Allowable stress*| 742] 365| 1088| 1159
Rated stress** 321 315( 933| 1069
Nominal stress 175 658
Allowable load 21342/10718]12575(10866
Transmitted load 9242
M?x i stress Tensile 160
Compressive| 191

NOTE : Stress unit is MPa, load unit is N.
% : Values of right side of equations
(3), (4), (7), and (8).
*% : Values of of, St, on, Sc.

(b)Estimated stresses and tangential loads by ISO
AGMA, and FEM

»

Fig. 9 Result of strength and durability estimation
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