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S-N curves

Slope p

ISO 6336: endurance limit in range of 0.85...1.00 of
oFlim (ISO 6336-3:2019, Table 3, footnote a)

Values for slope p, for limited life:

Table A.1 — Exponent p of S-N curve and number of load cycles for endurance limit, N,

ref
Material Pitting Tooth root bending
(acc.ISO 6336-5) p? Ny o P Ny o
St, V, GGG (perl, bai), GTS (perl.
limited '(p' ] di (pIS(36336 2 o7 10109
imited pitting according to -
gr v, Cccp( ;g bai) GTE[ 1 : 6.2249 3100
, ¥, bbb [ perl., bal.), erl.
P P 6,6112 50 x 106
(no pitting according to ISO 6336-2)
EH, IF
limited pitti di IS0 6336-2 o7 10100
T it ) t -
(limited pitting according to ) 87378 3% 106
EH, IF
6,611 2 50 x 106
(no pitting according to ISO 6336-2)
GG, GGG (ferr)), NT (nitr.), NV (nitr.) 57091 2 x 108 17,035 3 x 108
NV (nitrocar.) 15,716 2 x 108 84,003 3 x 108

a  Values p for pitting are given for the torque; to convert for the stress, these values shall be doubled.
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Calculations in KISSsoft, based on S-N curve

KISSsoft, from Input: Input: e
same S-N curve, for required life H torque T sarely ractor
same reliability level SF, SH

Calculate lifetime, Input: | |
from same S-N required safety Input: Result:

curve, for same factor SFmin, torque T lifetime HF, HH
reliability level SHmiIn

Calculate Input:

transmittable torque, . Input: Result:
from same S-N required safety required transmittable
curve, for same factor SFmin, lifetime H torque T

reliability level SHmin
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Calculation of safety factor

Reference gear Gear 1 ~ Details

Power P 02.3209 kW @
Torque T1 2000.0000| Nm O « | | &
Speed ny 440.8000 in O

Required service life H UL
Application factor K, i
Standard method in Result:
KISSsoft, from same S- Input: Input:
N curve, for same required life H torque T saiety fSchtor =1
reliability level
Contact ratios [egm/ep/Eyml 1.662/ 0.000/ 1.662
Gear 1 Gear 2

Actual tip circle (mm) [dael 164.982 455.018
Root safety [SF] 2.551 2.459
Flank safety [SHl 1.333 1.388
Safety of hardened layer, DNV 41.2 [SEnT] 1.286 1.286
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Calculation of lifetime

K Module specific settings

i X =
. " L L
1 General Plastic Sizings Calculations Required safeties  Face load factor/Contact analysis ~Summary —Diagrams ~ Generation of 3D Ratlng Factors .

Safeties are not depending on size
Required safeties for metal (IS0/DIN)
Root safety B

Reference gear Gear 1 v Details

Power p 75.0000 kW @
Torque T1 1624.7669| Nm O |« | &

Flank safety

Safety against scuffing (integral temperature)
Safety against scuffing (flash temperature)
Safety against micropitting

iR N
Nilallallzllalls
sliellgllgllglla
sliellallallgllae
slialls]lla]llslla .

Safety against tooth flank fracture

Input:
Calculate lifetime, from ) . .
same S-N curve, for required safety Input: Result:

same reliability level factor SFmin, torque T lifetime HF, HH
SHmiIn

Required service life H | 9999999.9999 h | |*
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Calculation of transmittable torque

K Module specific settings

| General Plastic Sizings Calculations Required safeties  Face load factor/Contact analysis Summary Diagrams  Generation of 3D

Safeties are not depending on size
Required safeties for metal (ISO/DIN)

Required service life H 1234| h o |*

Root safety

Flank safety

Safety against scuffing (integral temperature)
Safety against scuffing (flash temperature)
Safety against micropitting

iR N
Nilallallzllalls
sliellgllgllglla
sliellallallgllae
slialls]lla]llslla .

Safety against tooth flank fracture

Calculate transmittable Input:

. . Result:
torque, from same S-N required safety Input: transmittable
curve, for same factor SFmin, required lifetime H torque T
reliability level SHmin

Torque T EAREEY | Nm O |¢ | | =
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S-N curves

Basic assumption for ISO rating

ISO 6336 assumes that an endurance limit is present, at least if ZNT = YNT = 1.00 in long life
domain.

ISO 6336, with endurance limit Modified S-N curve without endurance limit
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S-N curves

1 2 3
Along ISO 6336, parts 2, 5 | |
——
For steels, pitting —
10e6 < NL <5 * 10e7, limited Iife, ZNT interpolated gey::f'[;:i:f:"zii{:f:g)Oﬂg) Lo
NL — 5 * 10e7’ end Of Ilmlted Ilfe domaln, ZNT o 1.0 a Example:permissihlecuntms@mss,aupfuragiven:um:::ir];r:adcycles.
Y
5*10e7 < NL < 10e10, long life domain, ZNT =
0.85...1.00 ; Il
, e
14 N 2
. N
1,3 \‘
Definition stops at 10e10 cycles UL N Influence of
N N material quality /
1 0 N A cleanliness /
_ _ _ _ T \ certification / ...
For long life domain, ZNT = 1.00 with optimum SRS S 4
lubrication, material, manufacturing and experience. ZNIT = o0y ¢
For general purpose gearing: values between | ‘,M
0.85...1.00 may be used. FR—— ZNT = 0.85
: ::Evfa:cu(l; (Z::rl., bai), GTS (perl.), Eh, IF, when limited pitting according to Clause 4 is permitted
2 St,V,GGG (perl, bai), GTS (perl), Eh, IF, when no pitting according to Clause 4 is permissible
3 GG, GGG (ferr), NT (nitr), NV (nitr)
4 NV (nitrocar)
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S-N curves

Along ISO 6336, parts 3, 5
For steels, bending (curve 2 for case hardened - I
wrought steel) |
NL < 10e3, static domain, YNT = 2.5 P
10e3 < NL < 3 * 10e6, limited life, YNT interpolated  TamehePrmnhi e soea o, o o nmberoflud s
NL = 3 * 10e6, end of limited life domain, YNT = 1.0 N
' 1
3 * 10e6 < NL < 10e10, long life domain, YNT = -
0.85...1.00 y 2
1’:), ™ N3
Definition stops at 10e10 cycles ' ~
2 1 --‘44 Sy
For long life domain, YNT = 1.00 with optimum - i
lubrication, material, manufacturing and experience. K”'sz e e O (O

number of load cycles, N

For general purpose gearing: values between
0.85...1.00 may be used

life factor, Yyp

GTS (perl.), St, V. GGG (perl. bai.)
Eh, IF (root)

NT, NV (nitr), GGG (ferr), GG
NV (nitrocar.)
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Life factor YN

S-N curve is defined through life factor

The life factor accounts for the higher tooth
root stress, which may be tolerable for a
limited life (number of load cycles), as
compared with the allowable stress at 3 X
10e6 cycles

The allowable stress numbers are
established for 3 X 10e6 tooth load cycles
at R = 99 % reliability
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Life factor YN

Difference between S-N curve for bearing rating
and for gear rating

Gear rating, ISO 6336: R = 99% to start with.
Bearing rating, 1SO 281, ISO/TS 16281: R = 90% to start with

Difference

- There is al factor to account for R = 95% and other levels = but there is no factor al for
gear rating! In ISO standard, there is no reliability factor to change the reliability level!
But in AGMA standard, there is such a factor, called XR. There is discussion to
introduce a reliability level in ISO standard, see below.

- Base value is R = 90% for bearings but R = 99% for gears.

- Gears, ISO 6336: there is always an endurance limit / infinite life domain (horizontal part
of S-N curve. But bearings, ISO281, basic rating: NO (!) endurance limit. Only with a23
or alSO factor, we introduce something similar like an endurance limit.
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S-N curves

oFlim and ocHIlim, ISO 6336-5

For case hardened wrought steels, the permissible
stress level

- Is constant over a hardness range of 600...800 HV
or 660...800 HV

- Is a function of material quality grade

- Is only a function of core hardness for root strength
for MQ grade (lines a), b), ¢))

By default, KISSsoft uses MQ material grade to
determine oFlim and oHIlim

Materials with material grade ML or ME have to be
added to the material database by the user.

18CrNiMo7-6, case-hardened, ISO 6336-5 Figure 9/10 (MQ),
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Key

T Hlim
1700
ME —
1600
1500 MQ—
1400
1300 ML —
500 680 700 8o 900 HV
50 5 60 65 HRC

OHlim allowable stress number (contact), N/mm?2

HRC  surface hardness

HV surface hardness

Key

OF lim OFe
I
ME
500 - | 1000
2 le]
400 800
300 ML 600
500 e'o 700  8§0 900 HV
50 5 60 65 HRC

Oplim hominal stress number (bending), N/mm?2

OFE
HRC
HV
a

b

[

allowable stress number (bending), N/mm2

surface hardness

surface hardness

Core hardness = 30 HRC.

Core hardness = 25 HRC Jominy hardenability at ] = 12 mm = 28 HRC.
Core hardness = 25 HRC Jominy hardenability at] = 12 mm < 28 HRC.
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S-N curves

Hardness requirements on drawings

Typically, case hardness / surface hardness of case carburized gears is defined as target
rang on gear drawings, e.g.

e.g. 58 - 62 HRC for industrial gears
Or 58 - 64 HRC. Here, delta = 6 HRC, is a high tolerance width.

Typical tolerance width are 4 HRC or 3 HRC (for high end gear manufacturing). Also, upper
limit is often 63 HRC. | believe it is same for bevel + cylindrical. Also, | see hardness of
pinion 1...2 HRC higher than gear.
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S-N curves

oFlim and ocHIlim, ISO 6336-5

S-N curves are by default created for MQ grade. The three different curves a), b) and c) for

root S-N curve may be selected from the material data table.

Material and lubrication

Gear 1 Case-hardening steel ~ 16 MnCr 5 (2), nitrided, IS0 6336-5 Figure 13b/14b (MQ) N\
Gear 2 Nitriding steel » 18CrNiMo7-6, case-hardened, ISO 6336-5 Figure 9/10 (MQ)| Core hardness >=25HRC Jominy J=12mm<HRC28

9 18CrNiMo7-6, case-hardened, IS0 6336-5 Figure 9/10 (MQ)| Core hardness >=25HRC Jominy J=12mm>=HRC28
| uhrication |0il hath lubrication «| |4 | [18CrNiMo7-6, case-hardened, ISO 6336-5 Figure 9/10 (MQ)J Core hardness >=30HRC

S-N curves for ML and ME grade may also be used. Note that for ML and ME grade, the
whole S-N curve (not only the long-life domain) is shifted (in below graphic, ZNT = YNT =
1.00 for long life domain). Green curves = flank, blue curves = root.

€ 2e3 s / —
E B M= | —
z \“ G 'l S
b le3 X

-8e2 D
S 6e2 :

A i —
o 4e2 —
n _T|.|T ilHi\‘ T Hlml—i_ri-Tml—_m TT ml—“mm]—l‘l"ﬂlq HHWI I IWW IiHH‘

O % o
NECECACAC IR IR & \,é\'\’.\,é\’)'

Number of load cycles
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S-N curves

oFlim and oHIim, ISO 6336-5, calculation for other quality grades than MQ

Press “+” button next to material 18CrNiMo7-6, case-hardened, SO 6336-5 Figure 9 .2mm<HRC28 +

ACtivate “Own in put” flag I Define material Gear 1
[. Own Input ]

Rename material

Label |18CrNiMn7—6, ML grade, own input
Comme |ISO 6336-5 Figure 9/10, ML curve

Quality according to ISO 6336-5 [MQ according to 150 6336-5 (good quality)

: : ML according to ISO 6336-5 (average quality)
Select material grade from list Endura... 2101) O m/Sat MQ according to 15O 6336-5 (good quality)
Endura... 2101)  GtunfSac ME al:l:or_dlng to Ii(l)fj‘?lﬁr:S (extremely high quality)
Endura... 2001) o Grade 2 in acc. with AGMA

Grade 3 in acc. with AGMA

Current IS0 6336-5
P . butt Endurance limit root (ISO, DIN/AGMA 2101)  Grm/Sxt | 430.0000| | 425.0000| N/mm?> -
ress conversion bution Endurance limit flank (IS0, DINJAGMA 2101) Gwim/Ssc |  1500.0000||  1500.0000| N/mm> -

(see next slide)

6336-5
Or enter values directly ”F"mfat 425-“””“}”?"'"2
OH lim/ Sac 1500.0000 | N/mm?2
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S-N curves

oFlim and oHIim, ISO 6336-5, calculation for other quality grades than MQ

Enter surface hardness in HV or use converstion
button to calculate HV value from HRC and other
values

Select core hardness / line a), b), c)

Press “Calculate” and “Accept”

Values are then given back to “Current”.

Note that you can overwrite “Current” values
manually, reference values are given in column
“ISO 6336-5".
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K Convert endurance limit values

Convert strength values Ouim and O from surface hardness (ISO 638€=53=

Surface hardness 720.0000 | HV o
N

(}:25HRC (©) =

Core hardness

K Convert endurance limit values

Convert strength values Gyim and Orin from surface hardness (ISO 6336-3)

Surface hardness 735.0000 | HV o

Core hardness >=30HRC (a) ~

Endurance limit root

Endurance limit root OFiim 525.0000 | N/mm?2
Endurance limit flank Otlim 1650.0000 | N/mm?2

ancel

m————

Current 15¢ 6336-2
Endura..2101)  Orim/S || 525.0000/||  525.0000| N/mm2
Endura...2101)  Onim/Sx ||  1650.0000||  1650.0000) N/mm?2
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S-N curves

oFlim and oHIim, ISO 6336-5, calculation for other quality grades than MQ

Material can be duplicated in database
Select an existing material and press “+”

Typically, keep base material (for physical
and mechanical properties)

Add comments and enter or

Calculate permissible values. Press “Ok” and
“Save” and quite database tool.

Now, the material is available for selection.
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K Database tool

Database |KMAT | Table |z000

| Filter Display only active datasets ~

Base material
A C4 CebdAAT A DY
34 16 MnCr 5 (2
35 18CrNiMo7-6

Order

4N47N

‘ID

OF im/Sat [N/mm?]

e ialatatatyl

320.0000
30.0000

OH lim/Sac [N/mm?2] Rer [m1"

41770 Nnnning

1000.0000 ‘

1500.0000

1N7A1 26 18CrNIMAT-A AAN NNNN 150N NNNA

R e e Sy v
< >
|Search the shown galumqns for |
|2 F (2] ] R E = = Save Edit Close

D [20000 | createdby: |hdinner | on:[30.11.2020 11:10:44 |
Status [aktiv - T Changed by: | N\ | on:] |

Base material 18CrNiMo7-6, Case-carburized steel, case-hardened

~ Display

Quality according to I1SO 6336 ‘ME according to 1SO 6336-5 (extremely high quality)

Comment k\ME, 18CrNiMo7-6
File for hardness curve \ | E4IEES
File for S-N curve (Woehler line) ‘ . B ]...| %
Endurance limit root (ISO, DIN/AGMA 2101) O nfat N/mm?
Endurance limit flank (IS0, DIN/AGMA 2101) Oht 5 N/mm2 |
Endurance limit root (AGMA 2001) Sat in id
Endurance limit flank (AGMA 2001) Sac Ibffin2
Mean peak-to-valley roughness root R um
Mean peak-to-valley roughness flank Ran um
OK Cancel

Material and lubrication

Gear 1 Case-hardening steel ~

18CrNiMo7-6, case-hardened, ME, 18CrNiMo7-6
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S-N curves

ZNT, YNT, ISO 9085:2002

ZNT and YNT for long life domain are given as
function of material quality grade:

For ML grade, ZNT = YNT = 0.85 for long life domain
For MQ grade, ZNT = YNT = 0.92 for long life domain
For ME grade, ZNT = YNT = 1.00 for long life domain

KISSsoft usage:

- Select material grade controlling only values for
ZNT and YNT (not oFlim or cHIlim)

- Graphics “Woehler lines (S-N curves)”

- Direct input of ZNT and YNT for long life not
possible
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Life factors Zur, Yn7 according to I1SO 6336

normal (reduction to 0.85 at 10%° cycles) v
normal (reduction to 0.85 at 10*° cycles
increased with better quality (reduction to 0.92)
ith optimum quality and experience (always 1.0)

J Geometry 2D : Fé H EB

Graphics  Extras Help

Geometry 3D

B Evaluation 4 Specific sliding
Contact analysis * Contact temperature
Gear pump 4 Flash temperature
AGMA 925 » Surface layer shear stress.
FEM 4 Proposed hardening depth

Theoretical contact stiffness
Woehler lines (S-N curves)

Close

Settings Safety factor curves
Daliahilihs minune

— Gear 1 - Root oFP
5 2e3 : — Gear 1 - Flank gHP
E - T — Gear 2 - Root oFP
£ = — Gear 2 - Flank oHP
Z
B3y - e i T e e
%_392 e W
5 e2 i
& 4e2

T \‘ T

i
S S g % S
RO AR RC AT N RN .@'0’

Number of load cycles
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S-N curves

ZNT, YNT, ISO 9085:2002

ZNT and YNT for long life domain are given
as function of material quality grade:

ML grade: ZNT = YNT = 0.85
MQ grade: ZNT = YNT = 0.92
ME grade: ZNT = YNT = 1.00

KISSsoft usage:

- Select material grade controlling only
values for ZNT and YNT (not oFlim or
oHIlim)

- Graphics “Woehler lines (S-N curves)”

- Direct input of ZNT and YNT for long life
not possible
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Contact analysis * Contact temperature CL 82 [~
Gear pump Flash temperature % G2 S
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Close Theoretical contact stiffness
Woehler lines (S-N curves) T T ”‘"’\ L]
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Dalizhiliby ciinrnc N N N

Number of load cycles

Life factors Zyr, Ynr according to ISO 6336

normal (reduction to 0.85 at 10" cycles) v
increased with better quality (reduction to 0.92)
ith optimum quality and experience (always 1.0)
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S-N curves

Settings, ALP

In tab “Rating”, button “Details”, select

5 = Basic data Reference profile Manufacturing Tolerances Modifications X Rating X Factors
~

Strength

Calculation method Factors, Flank, Root  |ISO 6336:2019 Reference gear Details
K Define details of strength 75.0000 | kW
System data  Pair/gear data 1624.7669 | Nm @
System data 440.8000| 1/min O
Profile modification without (only running-in) v |1 20000.0000| h | (o
Single tooth contact factors (pitting resistance according to IS0 6336-2:2019) Without modifications (fZCa = 1.20) ~ |1 1.2500 i
Life factors Zyr, Ynr according to ISO 6336 increased with better quality (reduction to 0.92) v
1 10
Modification of S-N curve (Woehler line) in the range of endurance limit normal (reduction to 0.85 at 10 cycles)
Tooth flank with load spectrum with optimum q_uality and experience (always 1.0) .
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S-N curves

Modification of S-N curve (Woehler line) in the range of endurance limit

MOd IfICatlonS according standard (IS0, AGMA or DIN)
according to Corten/Dolan (slope p)
according to Haibach modified (slope 2*p)
faccording to Haibach original (slope 2*p-1)
563 . — Gear1- RloctkcFP
ce FETNG 0 TR
First options are S-N curves as per rating standard, El B T~
. . .. PP . = « o
see previous slides - endurance limit / infinite life ?_223 B - -
domain. E4e2 s
§2e2 7 s
: . - - . - Ql\ll:lj |b\||ll:9 I(olll\l:\ll(b Il\callllQ I\’ |
“Corten/Dolan”: no long life domain, limited life S P PO ED PP D
domain extended - similar to bearing basic rating ! T T T Gear1-RootofP
Ilfe o 2e3 B i — Gear 1 - Flank gHP
E__ > \-‘ T
%‘133 ] \\\ : g
- 8e2 P
“Haibach modified”: slope exponent p for long life % 6e2 gl 11
domain: 2 * p. £ae T
T TTT T I TTTTIm I\‘ \I\Illl LRLI \III1 TTT III lll-llhl-\
. L. . ‘\,Q ‘\?’n’ ‘\?’h ‘\?fj \?‘Q} ‘\?”\ .éP \?9 \g,'@ .\g}'\’ .\g,'\’}
Halbgch original”: slope exponent p for long life ]  Genr 1 - Root ofP
domaln: 2 * p — 1. €283 — Gear 1 - Flank oHP
-g. I b e
%-1e3 . \\\ T
. . . 8e2 &
No influence of material quality grade on slope. 56:2 ' S
840 e
0 g
i
TTTTIm T \I TTTITM I\l \IHIIIl TTT TTm TTTTIm HI TTTTIm,
N R R RN AN

Number of load cycles
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Reliability levels of material and part

Probabilistic approach | Life value,
normal distribution
\\ for fixed stress
S-N curve as per ISO_63:_3§ IS £ | )“‘~,Pa=99%
based on R = 99% reliability or 6o \
o 5 i N\ Pa=50% "~:=:=:=:-mmho -
1% probability of damage and = " NS o
0.15*m,...0.20 * m, case depth. PlNQ_ Pasl% — et 3o
NG 2.326*G$ '''''''
1 . v _ 4 |
static limited life long life & IS0 9085
le 2l ME, MQ, ML
life ]

S-N curves are measured for a probability of survival or reliability level of R = 50 %.
Correspondingly, the probability of damage is of the same value, R = 50%. They are measured
with a scatter in terms of achieved life at a constant stress in the limited life domain (where the
curve has a slope p) and a scatter in terms of achieved stress level for long life (where gears in
test do not fail anymore), expresses as the standard deviation of the allowable stress number .
The scatter in terms of achieved life is far greater than the scatter in terms of achieved stress
for long life. The below comments are valid for the long-life domain.
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Reliability levels of material and part

Probabilistic approach Requirements of application Yz"
Fewer than one failure in 10 000 1.50
Fewer than one failure in 1000 1.25
S-N curve as per ISO 6336 is based on Fewer than one failure in 100 1.00
99% reliability or 1% probability of ~ewer than one failure in 10 0.85%
damage and 0.15 * m,...0.20 * m_ case Fewer than one failure in 2 0.702)3)

depth.

Allowable stress number root, GFlim for different damage probabilities Pa

Failure probability density

function

=== P{=50%, Pa=50%,
sFlim=581MPa =~

——sFlim (Pi=50%, Pa=50%) -

1*Standard deviation

P(=99%, Pa=1%,

sFlim=500MPa

P(=90%, Pa=10%,

sFlim=536MPa
<> 1 * Standard deviation

2.326 * Standard deviation

For other reliability level than R = 0.99

- ANSI/AGMA 2101.: uses reliability
factor YZ

- 1SO 6336: currently no details given,
Hein proposes the introduction of a
reliability level factor YZ

- oFlim may be determined from
standard deviation of strength
measurement data

Y
AR AR SN

A

Probability density function for damage

€ 1.282 * Standard deviation

/ 1

440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590

Allowable stress number root, GFlim, [MPa]
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Reliability levels of material and part

Probabilistic approach

Conversion of (root) strength from R =50 For not shot peened gears
% (as measured) to R = 99% (as used in oF (R =99 %) = 0.86 * oF (R = 50 %)
gear rating), factors are based on

tandard deviati f d dat
standard deviation ot measured data For shot peended gears (slightly higher

scattering)
oF (R =99 %) =0.92 * oF (R =50 %)

ungestrahlter Zustand: OFw1% Laut = 0,86 - OFws0% Laut (27)

gestrahlter Zustand: OFw1%.Lauf = 0,92 - Orx50% Lauf (28)
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Reliability levels of material and part

Calculation of component, subsystem and system life for different reliability levels

Required gear system reliability R = 99% Required gear system reliability R = 70%

SFmin = 1.40, Shmin = 1.00 SFmin = 1.40, Shmin = 1.00

Resulting system life H = 2’494 h Resulting system life H = 6’078 h
S e e o —— ] e
N = S geas Nl = oo
% N " \ ]!

4 \\ : -

5 9 ‘
= 60 o = 60
< Rmin = 99% <
Z 50 Z 50
2 2 .
T 40 2 40 Rmin = 70%
Ll A A L [} 2INT70 kh
A =4ZRY4 N “ = YO Tl “
30 = 30 -
20 \ 20 \
10 — \ 10 - \
0 T ANS e ) 0 ey AN A 4 ]
& & & & & &
Service life, H [h] Service life, H [h]
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Reliability levels of material and part

Calculation of component, subsystem and system life for different reliability levels

Required gear system relia

bility R = 99%

SFmin = 1.40, Shmin = 1.00
Resulting system life H = 2’494 h

Required gear system reliability R = 99%
SFmin = 1.35, Shmin = 0.975
Resulting system life H = 5’694 h

£ 8 g
7 5 T — Gear 1 - Root
100 = e— Rmin — Gear 1 - Flank
\ 1 — Gear 2 - Root
90 AN — Gear 2 - Flank
| — Subsystem - gears
80 — \
Ly
=70 HLRAY
& P — 0
= 50 Rmin = 99%
5
3 0 \ \
=
0 H=2§94h | \| )
20 - \ \\
VoW
10
0 T T T I \ \ T |'—I_I_"I
& & &

Service life, H [h]

£ g )
T E — Gear 1 - Root
100 : =« Rmin — Gear 1 - Flank
K — Gear 2 - Root
90

— Gear 2 - Fank
— Subsystem - gears

28
e
NS

min = 99%

T
/
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g 8
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I
|
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Reliability levels of material and part

Proposed reliability factor YZ, ZZ

Pr0p08a| by Geltner / He'n, see w. Hein, Zur ganzheitlichen betriebsfesten Auslegung und Prufung von Getriebezahnréader, Dissertation, 2018. AS a
modification for ISO 6336 rating.

Subject to the reservations given in 5.3.2.1 and 5.3.2.2, Equation (5) is to be used for this The permissible contact stress is calculated from

calculation: imZ
Inp = Gi‘;miriv'r . ZZ ’ ZL ’ Zv ’ ZR ZW .Zx - % (6)
(; im - Yst) - Y
Opp = W Yz Ysreir  Yerer " Yx = S::irin (5) VAT
where (..)
(=2 Zz is the reliability factor (see Clause 15), which accounts the considered reliability
Yy is the reliability factor (see Clause 16), which accounts the considered reliability level;
level;
Table 4 — Reliability factor, Y, Table 4 — Reliability factor, Z,
. Reliability, R, % Reliability, R, %
Material @ Yar Material ? Zyr
50 | 90 95 97 99 | 99.5 | 99.9 | 99.95 | 99.99 50 90 95 | 97 99 | 99.5 | 99.9 | 99.95 | 99.99
1 1.08 1104 | 1024 | 1.012 | 1 0.99 | 0974 | 0.967 0.95 1 109110411031 1.02 1 099 | 097 096 0.95
Eh, 12 (107103 | 102 | 1.01 1 0.99 | 0.98 | 0.97 0.96 Eh >1 1111106104 | 103 1 098 | 094 0.93 0.89
peened & 1.8 1.04 | 1.02 | 1.011 | 1.007 1 0.996 | 0.99 0.985 0.978 1 1111105 | 1.03 | 1.02 1 099 0.96 095 093
23 (1.08]|1.04|1.024| 1015 | 1 | 0.99 | 0.974 | 0.968 | 0.95 \ =1 1191110 107 (1051 1 097 | 0.91 0.88 083
o 112 1-:}; 182 18‘2‘ 1-3? 1 ggg ggg 83‘7‘ ggé st 7 |111]1.05]1.03|1.02| 1 | 099 | 0.96 | 0.95 | 093
MR 2 18704102 1011 1007 | 1 10966 095 | 0985 | 0978 See ISO 6336-1:2006, Table 2 for an explanation of the abbreviations used.
23 11.04({1.02|1.013| 1.008 | 1 |0.995| 0.99 0.98 0.97
v, 1 1.11(1.05 | 1.03 1.02 1 0.99 | 0.96 0.95 0.93
unpeened °

@ See ISO 6336-1:2006, Table 2 for an explanation of the abbreviations used.
® In the tooth root area.
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Hardness: of case, influence on strength as per ISO rating

Standards for gear rating: no specific materials but material classes

For through hardened wrought steels, fatigue limit
of root is a linear function of the hardness

A o Flim / AHV = constant

OF lim OFg
400 800
» - ME
r MQ
300 600
| 32
/’ME P

ML

\\\
N
\

200 400

v Da

14 | _Im

100 200 —
100 200 300 400 HV
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For case hardened wrought steels, fatigue limit of root
Is a constant function of the case hardness. Values
shown in ISO 6336-5 are for 0.15 * mn...0.20 * mn
case depth.

o Flim = constant

TF lim OFE
|
ME
500 2 1000
- MQ__|
C
400 800
300 ML 600

500 600 700 800 900 RV
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Hardness: relationship to flank and root strength

Gear flank Tooth root

Opo ~ Fp * —
Fo~Fe " o

allowable stress ~ hardness allowable stress ~ hardness

—_—

—

load stresses load stresses

7]

g g My< Mp<m
@ Pc1< Pc2< Pec3 ® n1< Mp2< My
H 3
a =4
I £
u -—
@ Pc3
.g é Mp3
» Pc1 Pc2 Mpy

material depth — material depth .

Figure 5. Comparison of gear flank contact pressure (left) and tooth root stress (right) vs. the allowable
stress over material depth depending on the gear size represented by the curvature pc and module my,

for a given tangential driving force F [7].

Tobie, T.; Hohn, B.-R.; Stahl, K. Tooth flank breakage—Influences on subsurface initiated fatigue
failuresof case hardened gears. In Proceedings of the ASME 2013 International Design
Engineering TechnicalConferences and Computers and Information in Engineering Conference,
IDETC/CIE 2013, DETC2013-12183,Portland, OR, USA, 4-7 August 2013
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Hardness: of case, influence on strength as per ISO rating

Standards for gear rating: no specific materials but material classes

For through hardened wrought steels, fatigue limit Fatigue limit, root, normalized to maximum value
of root is a linear function of the hardness vs. relative case hardness depth, CHD ~ mn, .

Tobie, Zur Gribchen- und Zahnfusstragfahigkeit einsatzgeharteter Zahréader,
Dissertation, TU Miunchen, 2001

A o Flim / AHV = constant

< Rangd for iSO
K 6336 yalidity fo
OF lim Org e g 100 ] oFlimV oHIim
400 800 SIS ®
o[
|~ |ME sl | © o A
~ _FMQ = T —
7 80 o
300 ] ,; 600 £ o
/'32 @
"/MI|E L ML e
Y S e |
200 4 400 S
14 LML qé 0 m, = 2,3 mm
5 ® Eht, m=8mm, z=24 |o FyA.Nr g Mh= S3mMm
100 200 —= c " = % mo= 5mm
100 200 300 400 HV g S E:::: ik g o i_g; m. = 10 mm
: = , = n
o 20 2
2 0 01im, 02m, 03m, 04m, 05m, 06m,
)
E Relative case hardening depth CHD
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Hardness: of case, influence on strength as per ISO rating

Standards for gear rating: no specific materials but material classes

For through hardened wrought steels, fatigue limit

of flank is a linear function of the hardness

A o Hlim / AHV = constant

THlim

1100

1000

700
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100

300
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Grenz —

Ouium, Emt

Fatigue limit, flank, normalized to maximum value
vs. relative case hardness depth, CHDopt = (pc +
10) / 25, T. Tobie, Zur Griibchen- und Zahnfusstragfahigkeit einsatzgehérteter

Zahrader, Dissertation, TU Minchen,

2001
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_ P +0,15mm
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] Gear flank: CHD,, = (pc + 10)/ 25
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Hardness: of case, influence on strength

Material and heat treatment however have an influence

Root strength, same material (20MnCr5), two heat

treatments (two types of case carburizing
processes)

—_—

Trim [N/MIME]

Stenico, Werkstoffmechanische Untersuchungen zur ZahnfuRRtragfahigkeit einsatzgeharteter

100

500
400

300

200; 20MnCra
] ® Gas carburized; oil quenched
19 Low pressure carburlzmg and gas quenched

+ 1200

ME
wq T 1000
+ 800
ML a0
Ann

¥ 200

430 500 55!] EIII 650 TUB T50 800 850

Surface hardness

Zahnrader, Dissertation, TUM, 2007

—_—

[Hv1]
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ore [NImNY)

Root strength, same heat treatment (low pressure
carburizing and gas quenching), two materials
(18CrNiMo7-6 vs. 20MnCr5). Difference is about
half as much as the change from MQ to ME level.

B —

e [N/ITE]

200 1

100 1

500
400 7

300 1

1200 T
ME _
1000 E
MQ E
) —=o— :
: - 800 [
ML £ 600
E m, =8 mm Clean / shot blasted 400
i ® 18CrNiMo7-6 Low pressure carburizing
5 o 20MnCr5 and gas quenched
—~+F 200

450 500 550 GBD 650 ?DD 750 800 830

Surface hardness

[HV1]

—
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Hardness: of core, influence on strength

Core hardness

1.2 1.2
OFlim OFe
ME = 10l wmel
500 2 t— 1000 s s Te—lo He
b MQ g g 08 BT,
c é_ £ |
('
400 800 S 6l L o6/
£ £
' ('
8] ‘ | | ‘ i b 0.4
300 ML 600 300 325 350 375 4000 425 450 475 300 325 350 375 400 425 450 475
Kernhérte [HV1] Kernhérte [HV1] ——
500 600 700 800 900 HV 20MnCr5 Modul [mm]  18CtNiMo7-6 20MnCr5 Modul [nm]  18CrNiMo7-8
A A o
50 55 60 65 HRC 2.Nx.U.2 25 3.Nx.U.2 2.NX.R.5 5 3.NXR5 ®
© 2.Nx.U5 5 3Nx.U5 @ o 2.Nx.R.8 8 3.NxR8 m

= |eft: Core hardness = 30 HRC (300 HV) gives highest root strength
= Middle: Core hardness ~ 400 HV gives highest root strength, not cleaned gear

= Right: Core hardness > 30 HRC (300 HV), shot / clean blasted gear, root strength
drops

Stenico, Werkstoffmechanische Untersuchungen zur ZahnfuRRtragfahigkeit einsatzgeharteter
Zahnréader, Dissertation, TUM, 2007
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Gear materials, some aspects

AISI 9310

Material AMS Typical Typical Typical
specification | surface core applications
(http://www. hardness in | hardness

asminternatio | HRC in HRC

External gears: case

hardened by carburization. AISI 9310 6265/6260 58...64 32..42  RGB,AGB,

. actuators
Internal gears: through VASCO X2M None 60...64 36..44  RGB, high
hardening or case hardening temperature
Ce . . : CarTech ® 6308 59...64 36...44 RGB, high
by nitriding or carburization. [ENENENCELINEY TR
Materlgl quality ISO 6336-5, pemm=
ME. Single vacuum melted Pryowear® 675
Stainless
(SVM) or double vacuum T
melted (DVM) or consumable JEiihicresngy
Allo
electrode melted (CVM). ST 6500
Ferrium® C64®
Allo
Commonly used material: 6255 58...62 34..42  High
temperature

case carburized VAR or VIM-
VAR AISI 9310

Nitralloy N Nitrided
Super Nitrallo Nitrided
M-50NiL
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Gear materials, some aspects

AISI 9310

AlISI 9310 alloy steel is a low
alloy steel containing
molybdenum, nickel and
chromium. It is a carburizing
steel which has high
hardenability, high core
hardness together with high
fatigue strength. The
premium quality of alloy 9310
make it ideally suited for
critical aircraft engine gears.

NASA Technical Memorandum 102529, Bearing and Gear Steels
for Aerospace Applications
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Steel

VAR AISI 9310

VAR AISI 9310, shot peened
VIM-VAR AISI 9310

VAR Carpenter EX-53

CVM CBS 600

CVM CBS 1000

CVM VASCO X-2

CVM Super Nitralloy (5Ni-2A1) [
VIM-VAR AISI M-50 (forged) 3.2
VIM-VAR AISI M-50 (ausforged) !
VIM-VAR M-50 NiL 11.5

Relative life increase, pitting
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Gear materials, some aspects

Vasco X-2 is a high-temperature gear material. This material has an operating temperature limit of 315 ° C and has been shown to have good gear
load-carrylng capacity when properly heat treated. The material has a high chromium content (4.9 percent) that oxidizes on the surface and can
cause soft spots when the material is carburized and hardened. A special process has been developed that eliminates these soft spots when the
process is closely followed (Ref. 29). Several groups of Vasco X-2 with different heat treatments were surface fatigue tested in the NASA gear test
facility. All groups except the group with the special processing gave poor results (Ref. 30). Vasco X-2 has a lower fracture toughness than AlSI
9310 and is subject to tooth fracture after a fatigue spall. Further, there is a suggestion that this material as well as some of the other higher alloy
carburized steels may be susceptible to stress corrosion under certain environmental conditions. As a result, where the material Is subject to a
corrosive environment, stress corrosion testing should be performed before committing these types of materials to application.

CarTech ® Pyrowear® 53 Alloy, AMS 6308: A premium quality alloy carburizing gear steel that has resisted softening at elevated service
temperatures. It is double vacuum processed by vacuum induction melting followed by vacuum arc remelting to provide optimum metallurgical
quality. Based on its combination of high-temperature performance, deep hardenability, and excellent toughness and fatigue resistance, this alloy
finds application in demanding helicopter and aerospace drivetrain components.

CarTech® Pryowear® 675 Stainless: A carburizing, corrosion resistant steel that provides a case hardness in excess of HRC 60 combined with a
tough, ductile core. The corrosion resistance of carburized Pyrowear 675 stainless is similar to that of Type 440C stainless while core toughness is
similar to AISI 9310. Provides excellent hot hardness capability.

CarTech® Ferrium® C61TM Alloy: A premium quality carburizing steel that offers high core strength, high fatigue strength, high temperature
resistance and high hardenability. The alloy has achieved carburized case hardness of 60-62 HRC but provides ultra-high core properties for
demanding shaft and gear applications. The high tempering temperature (900° F) offers a 400-600° F increase in thermal stability relative to
conventional gear steels. It is well suited to low-pressure carburization at high temperature to reduce manufacturing time and expense while
providing reliable carburization profiles. The material does not require a separate hardening/quenching process

CarTech® Ferrium® C64® Alloy: A premium quality carburizing steel that offers high core strength, high fatigue strength, high temperature
resistance and high hardenability. It is processed by vacuum induction melting followed by vacuum arc remelting. It can achieve carburized case
hardness of 62-64 HRC (exceeding that of conventional gear steels such as 8620, 9310, etc.) and also provides ultra-high core properties for
demanding shaft and gear applications. The high tempering temperature (925° F) offers a 400-600° F increase in thermal stability relative to
conventional gear steels. The alloy benefits from low-pressure carburization at high temperature in order to reduce manufacturing time and expense
while providing reliable carburization profiles. It is direct gas quenched using moderate pressures which reduces the amount of distortion and
eliminates the need for a separate hardening/quenching process. Typical applications include power transmission shafts, gears and other
demanding applications in aerospace, energy, and racing/off-road/mission-critical vehicles and other industries where weight savings,
compactness, high temperature resistance and high surface fatigue resistance are valued. Specifications: AMS 6509
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Gear materials, some aspects

CBS 600 material is a low- to medium-alloy steel that can be carburlzed and hardened to glve a hard case of Rockwell HRC 60 with a core of
Rockwell HRC 38. The CBS 600 has a medium fracture toughness that can cause fracture failures after a surface fatigue spall has

occurred.

Nitralloy N is a low-alloy nitriding steel that has been used for several years as a gear material. It can be used for applications requiring
temperatures of 204 to 232 ° C. A modified Nitralloy N called Super Nitralloy or 5NI-2Al Nitralloy was used In the U.S. supersonic aircraft program
for gears. It can be used for gear applications requiring temperatures to 260 ° C.

M50-NiL: This material exhibits all the benefits of AISI 9310 and, In addition, the VIM-VAR M-50NiL has over Il times the pitting fatigue life of VAR

AISI 9310 and over 4 times that of VIM-VAR AISI 9310. The VIM-VAR M-50NiL was also shown to have good reslstance to
fracture through a fatigue spall in a gear tooth
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Aerospace material grades

Major carburizing steels for medium to large size gears (below table is not
specifically for aerospace industry)

Alloy Addition in wt %
Steel Grade Standard
C Si Mn P 5 Cr Mo Ni Region
. min. 0.17 - 1.10 - - 1.00 B B
20MnCr5  EN10084 (17147) |\ 022 040 140 0035 0035 130 Western
min. 0.15 0.50 150 025 140 Europe

18CrNiMo7-6  EN 10084 (1.6587) | = 51 040 090 0025 0035 1.80 035 170

o . min. 014 - 040 - - 1.40 140 France,
15CrNi6 EN10084 (1.5919) | = 019 040 060 0035 0035 170 1.70 Germany
min. 0.14 0.60 080 015 120

17NiCrMo6-5 EN 10084 (1.6566) Italy, France

max. 020 040 090 0025 0035 110 025 150

min. 018 015 070 - - 040 015 040
max. 023 035 090 0030 0040 060 025 070 North

min. 0.08 015 045 - - 1.00 008 3.00 America
max. 013 035 065 0025 0040 140 015 350

min. 017 017 080 - - 1.00 0.00 -
max. 023 037 110 0035 0035 130 015 030

SAE 8620 SAE J1249

SAE 9310 SAE 1249

20CrMnTi GB T 3077-1999

China

min. 017 017 090 - - 110 020 -

20CrMnMo - GBT3077-1999 0 023 037 120 0025 0035 140 030 030
] min. 018 015 060 - ~ 09 015 .
SCM420 JIS max. 023 035 085 0030 0030 120 030 Japan

T. Tobie et al., Optimizing Gear Performance by Alloy Modification of Carburizing Steels, Metals 2017
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Aerospace material grades

Tooth root load carrying capacity, allowable bending stress numbers, ISO 6336-5,
for ML, MQ, ME level. Note that with nitriding you can reach higher hardness but
not higher strength compared to case carburizing, but nitriding gears are resistant
in higher temperature.

600 ; 5o

T
QT steels, y

1000

{ flame or inductive hardened

~ QT or carburizing steels,
hardened or normalized,

ME Ditrocarburized \
\\ =
T

N
Vi

Q N\~
ML

~
s
oge iIn MPa —

== | 4 )i o 2 400
QT steels, alloyed, QT of carburizing steels  nitriding steels, hardened,
150 |-—=+—"1- forged or rolled, hardened, gas nitrided no aluminium alloyed grades| 300
hardened | | \ |
100 . . . b 200
100 \ 200 300 400 500 600 700 800 900
QT steels, unalloyed, surface hardness in HV —

forged or rolled, hardened

T. Tobie et al., Optimizing Gear Performance by Alloy Modification of Carburizing Steels, Metals 2017
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Aerospace material grades

AGMA 926, pertaining mainly to AISI 9310

Aerospace Grades

1: aircraft quality, using AGMA 2000 series grade 1 material data, typically air melted.
Conforming to ANSI/SAE AMS 2301 quality level. (consider as MQ grade)

2: premium aircraft quality, using AGMA 2000 series grade 2 material data, typically single
vacuum melted (SVM). Conforming to ANSI/SAE AMS 2300 quality level. (not clear whether
this is corresponding to ME grade)

3: ultra-premium aircraft quality, using AGMA 2000 series grade 3 material data, typically
double vacuum melted (DVM). Conforming to ANSI/SAE AMS 2300 quality level (should be
ME grade or h|gher) Table 1 - Typical aerospace carburizing steels

Typical hardness) ]
Typical
Material AMS spec | Surface, HRC?) | Core, HRC applications
. . . AlS| 9310 6265/6260 58-64 32-42 Main drive, accessory, actuators
H [o her material requil rements 3av 6427/6411 58-62 42-48 | Actuators
. VASCO X2M3) (None) 60-64 36-44 Main drive, high temperature®

than in AGMA 2000 apply HP 9-4-30 6526 58-60 48-52 | Actuators

PYROWEAR 533 6308 59-64 36-44 Main drive, high temperature®

CBS600 6255 58-62 34-42 High temperature™

NOTES:

1) Drawing specified hardness limits are based on performance considerations and are normally narrower than the full
range shown in this table.

2) Rockwell hardness scale (HRC) is shown for direct comparison only. In general, that scale is not specifically recom-
mended for measurement where other, more appropriate hardness scales are commonly used.
3 Proprietary material designation.

4 High temperature property - capable of operating somewhat below the tempering temperature for indefinite periods.
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Aerospace material grades

AGMA 911, Design Guidelines for Aerospace Gearing
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Table 15 - Typical aerospace gear materials

AMS Heat Typical hardness Typical
Material * Core
Spec treatment gggﬂé AT applications

AlS| 8310 6265/6260 CcH 58-62 3442 Main drive,

Accessory, actuators
4330M 6427 C-H 58-62 42-48 Actuators
VASCO X2M*** NA C-H 58-62 | 38-44 Main drive,

High temperature
HP 9-4-30 6526 C-H 58-60 48-52 Actuators
PYROWEAR 53*** 6308 C-H 59-64 | 36-42 Main drive,

High temperature
MSONiIL 6278 C-H 58-62 | 35-45 High temperature
CBS600 6255 C-H 58-62 34-42 High temperature
Nitralloy 135M 6471 TH-N 60-64 34-42 Accessory drive
Nitralloy N 6475 THN 6064 | 9844 Accessory drive
AlSi 4340 6414 TH-N 48-53 27-35 Accessory drive
AlSI 4340 6414 TH - 34-48 Accessory drive
300M 6419 TH - 52-55 Actuators
PH13-8 MO 5629 PH - 34-45 Accessory drive
Custom 455 5617 ST - 44-48 Actuators
Bronze: Worm gear
C63000 4840 ST - (100HRB) | Actuators

NOTES -

C-H = Carburize and hardan

TH-N = Through harden and nitride

TH = Through harden
PH = Precipitation harden
ST = Solution heat treat

**  Rockwell hardness scalss (HRC and HRB) are shown for
direct comparison only. In general, those scales are not
spacifically recommended for measurement where other,
more accurate hardness scales are commonly used.

“** Proprietary material designation.
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Aerospace material grades

SAE 9310 vs. newly developed steels

Potential for modified case carburizing steel is investigated. It shows that modifying well
known steels (20MnCr5) has the potential to result in materials surpassing SAE9310. 1 Tobie et

I, Optimizing Gear Performance by Alloy Modification of Carburizing Steels, Metals, 2017

] 1800 | | I .
600 1750 4 t l 1
1 High core hardness = 40HRC ‘ 1700 1 Case carburized alloy steels
. ] I i )
] Medium core hardness = 34HRC / ‘ “ ] " o B @ ME ]
3 \ Iness > \ 1600
500 | i — Ma— </ A »
P { Low core hardness = 28HRC~__AenZ | _ _ _ . O - 1550 | ;
[ - @l __ 1500 Ma
e | T 1450 |
= 400 PP | o i
< - ! = 1400 : u *
E ! : : £ 1350 |
i | i Carburized alloy steels 5 | -
o : | | ML © 1300 ] _ — —
300 31 Flame or induction hardened ! !
h | Q&T steels I 1250 ME |
i I f-mmm V1 (20MnCr5 mod.) 1200 + = # V1 (200MnCr5 mod.)
: bore- ® V2 (20CiMo5 mod.) p St ..—"':-" ® V2 (20CTMo5 mod) |
200 ] W SAE 9310 | | \\
] A 15NiMoCr10-4 1100 > W SAE 9310
#* 20CMnTi 1050 | Flame or induction | & 15NiMoCr10-4
] ® 20CrMnMo 1000 | = hardened QT steels | # 20CrMnTi
100 ] T T 7T T T T T 7T T T T T T l 950 ML f . 20CrMnMo
LI I U O U N U O A N N N U A B B |
450 500 550 600 650 700 750 800 850 900 l ! ] !
Surface hardness (HV1) 400 450 500 550 600 650 700 750 800 850

Surface hardness
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Influence of shot peening

Effects of shot peening [36]

Near surface residual compressive
stresses 1

Retained austenite content |
Surface roughness 1

Work strengthening / structure
dislocation 1

48 | Hanspeter Dinner — Director Global Sales — KISSsoft AG |

-
After shot peening,
-~ £(z)

surface plastified,

. . oes(2)
highest residual stress
at surface
Under contact load,
elastic stresses g(2)
superimposed, highest oes(2)

residual stress below

surface
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Influence of shot peening

Values for technology factor YT

ISO 6336-5 allows for strength increase

of
= 0% in case of ML material quality
grade
= 10% in case of MQ material quality
grade _
506 | f ME terial it Planetary Gears — Material ZF7B
olncaseo material quality Dual Shot Peening (2 different shot media @ 2 different intensities)
grade
Lloyd’s RegiSter Of Shlpplng a”OWS for Tooth root grounded + dual shot peening | +66%
i 0) 1
Strength Increase Of 20 A) Blasted (cleaned) + dual shot peening | +60%
Higher values are reported in literature, Toothroot grounded + singe sot peering RS . =7
using highly controlled processes, for sl shot pesring .
“automotive” size, case carburized gears, Singl shotpeenng | .
+ (]
ource: No shot peening = 100%
S - I T T T T
A 0 20 40 60 80 100 120 140 160 180 200
322’2233?3’“&3’33811 Relative Fatigue Strength [%]
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Influence of shot peening

Residual stress state

Before shot blasting / cleaning

“Eigenspannung” = residual stress,

—_—

L
£
£
b=
=]
S -600
[=
=
g -800
a Gasaufkohlung, Olabschreckung
S -1000 # 16MnCr5 ® 20MnCr5 A 18CrNiMo7-6
w

-1200 Carbonitrieren, Olabschreckung

© 16MnCr5
-1400 Niederdruckaufkohlung, Gasabschreckung:
O 20MnCr5 A 18CrNiMo7-6
-1600 T T T T T T T T
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35
Tiefe [mm] —

B —

Eigenspannung [N/mm?]

After shot blasting / cleaning

200
0 .0
oo o B
: o [ ] o
whep 2 2 5" 0 g 5
-400 EA IS -%n B ¢ “
4 e .« *
-600
g an f
-800 *
-1000
Gasaufkohlung, Olabschreckung:
-1200 4 16MnCr5 ™ 20MnCr5 A 18CrNiMo7-6
-1400 Niederdruckaufkohlung, Gasabschreckung:
O 20MnCr5 A 18CrNiMo7-6
-1600 i ———— T
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35
Tiefe [mm] ——

Stenico, Werkstoffmechanische Untersuchungen zur ZahnfuRRtragfahigkeit einsatzgeharteter

Zahnrader, Dissertation, TUM, 2007
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Eigenspannung [N/mm?]

After controlled shot peening

“Tiefe” = depth from surface. For different materials and different case carburizing processes

200
0
-200 b s [ ]
o O 0
400 35 o3
= AR i "
*
600 ¢ ™ ]
0l * g
-800 ¢ & °
s e A
-1000 & 4 i
. 'S4 ! Gasaufkohlung, Olabschreckung:
-1200 8 ° ¢ 16MNCr5 ® 20MnCr5 A 18CrNiMo7-6
-1400 o ° Carbonitrieren, Olabschreckung:
© 16MnCr5
-1600 * T T — T — T
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35
Tiefe [nm] —
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Influence of shot peening

Residual stress state and strength increase

“‘ungestrahlt” = no treatment

“reinigungsgestrahlt” = shot blasted for
cleaning

“kugelgestrahlt” = shot peened

“reinigungs- und kugelgestrahlt” = shot
blasted for cleaning and shot peened

“gasaufgekohlt und dlabgeschreckt” =
gas carburized, oil quenched

Stenico, Werkstoffmechanische Untersuchungen zur ZahnfuRRtragfahigkeit einsatzgeharteter
Zahnréader, Dissertation, TUM, 2007
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N

Org .».50% [N/mMm?]

1800
1600 -
1400 { e
1200 -
1000 VA4 | ¥/ |
800 -
Ip]
600 { [ SAS) ofpofeal Lhegerey
400 Dl Sprqx D P T
N — LA~ — 1 — =~~~
Ololo obolo Olojobo
200 1 |« b4+« <F<=1< = l<1<R<¥
Y, ., /)
0 < EE—— S
1,75 3 5
Modul [mm]

16MnCr5, gasaufgekohlt und dlabgeschreckt

[ 1.G1.Ux ungestrahit 1.G1.R.x reinigungsgestrahit

0 1.61.kx kugelgestrahlt 1.G1.RK.X reinigungs- und

kugelgestrahlt
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Influence of shot peening

Issues and questions

T 600 1 7 + 1200 T
o 0O ;
1 2 N 1 AI A - ME - R
= Effectiveness for large gears” E 500 AA abi 1 1000 E
= Effectiveness for gears under 2 —4A -
alternating bending, lower effectiveness £ 4q0 | | e ®4 feo0 &
is reported ] a s ® j
= |ntroduction of a shot peening factor ZS 300 | % ML+ 600
. ] ® -
IS proposed ' '
1 O Shot peened :
require a mechanical cleaning of gears { e No treatment :
by a shot blasting (not a shot peening) 100 et 200
process 450 500 550 600 650 700 750 800 850

Surface hardness [HV1] —

Stenico, Werkstoffmechanische Untersuchungen zur ZahnfuRRtragfahigkeit einsatzgeharteter
Zahnréader, Dissertation, TUM, 2007
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Influence of shot peening

Process definition

SAE AMS2430 for Aerospace applications, SAE J2441 for Automotive / Industrial application

SAFE A\~ ospace  AEROSPACE '
WP MATERIAL W am e

SPECIFICATION mewed RRE

| Supsrseding AMS2430P

T o L
INTERNATIONAL STANDARD T E———

400 Commonwaaih Orivo, Wosesdabs, P4 15005-0001

Bubwmified o secogelinn as an American MNadossl Tesdard

Shot Peening, Automatic

RATIONALE
AMS2430R was isaued tp add 4.4.2.
1. BCOPE
11 Fom

This specificefion cowers the enginesnng requirements for automatic peening of sudfaces of parts by impingement of
metallc shat, glass beads, or ceramic shol.

1.2 Application

To induce residusl compressive siress in sudaca layers of parts, thereby increasing fatigue strength and resistance to
siress-cormasion sracking but usapa is not limited to such applications.

2. APPLICABLE DOCUMENTS

The issue of the following documents In effect on the date of the purchase order forms a part of this specification to the
extent specified herein, The supplier may work to a subsequent revision of a document unless a specific document issue
is specified, When the referenced document has been cancelied and no superseding docurment has been specified, the
last published issue of that decument shall apoly.

21  SAE Publications

Avallable from SAE International, 400 Commaonwealih Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (insida
USA and Canada) or T24-TTE-4370 (outsida LISA), www sae ong

AMS2431 Fewmng Media, General Requirements

AMS-S13185  Shot Peening of Metal Pas

SAE J442 Test Strip, Holder, and Gage for Shot Peaning

SAE J443 Procadures lor Using Standard Shot Peening Test Sirip
SAE J22TT Shot Peening Coverage
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‘Shat Peaning

1. EBcope

11 Form—This SAE Slandard covers e engineering requiremenis for peening sufaces of parts by
Imaingameant of metalic shat, glass beads, ar saramic shol.

12 Application—To induce residus compressive siress in surface layers of paris, thereby incraasing fatigue
strength end resistance o simss-corosion oacking,

2 References

21 Applicable Publications—Tha foliowing publications form a part of this epesilication 1o the exlent specilied
herein. Unless atharwise indicatad, Ihe [slest issus of SAE publications shal apply. The applicablo issue of
chhar pubizatons shall be the ateet resision.

2110 SAE PusLcaTIONS—Avaiizble iom SAE, 400 Commonwealin Driva, Warendala, PA 150960001,

SAE J4471=Cul Wire Shot

BAE J447 —Tesl Birp, Holder, and Gage for Shot Peening

SAE J443—Procadures for Using Slandand Shal Pesning Test Sirip

SAE J444—Cast Shol and Grit Slee Spaclficallons Peaning and Claaning

BAE Ja5—Melallc Snot and Gril Macharical Testing

BAE JB27—High-Garton Caat-Bieal Shot

BAE J1173—E5Iza Classification end Charactariztice of Glass Beads for Peening
SAE J1820—Ceramic

BAE J2175—Specifications Tor Low Carbon Casl Steel Shol

SAE J2277—5hot Feaning Cevarage

212  ABTM PisLicaTions—Aveilable from ASTM, 100 Basr Harkor Drive West Conshohochen, P4, 19428-2053,

AETM E 18—Fackwell Hardness and Roskwell Superficlsl Hordness of Metalic Materials
AETM E 11—Standard Spacification for Wira Cioth and Siaves for Tesling Purposes
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Influence of shot peening

Issues and questions

170
160__Average fatigue improvemelnl by sflloi peening aplp_ 40%
1. NASA TM 107428, Gear and (standard devation app. 3%L) |
.. . 150
Transmission Research at NASA Lewis A

140-
Research Center

130-
120~
110

100
90

Relative tooth root bending fatigue [%]

‘_5.5»
éfy’ different ZF internal & external shot peening locations
L
(,9
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Results from aerospace industry

Shot peening, flank

AGMA 911.: life increase of
approximately factor 1.60.

NASA reports increase in the range of

faC'[OI’ 200 Townsend et al., Improvement in Surface Fatigue Life of

Hardened Gears by High-Intensity Shot Peening, NASA Technical Memorandum
105678, Davis (ed.), Gear Materials, Properties, and Manufacture, 2005 ASM;
see also Townsend et al., Effect of Shot Penning on Surface Fatigue Life of
Carburized and Hardened AISI 9310 Spur Gears

FVA research project 185 reports
strength increase by 0...10%. Repair of
gears with grinding temper a possibility.

Root: strength increase, see figure
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- X ! g f/ }’ 7
h L V. ,f % 10 20 Q +
= > s =7 of /
— 4 .E Py If
a
0 T / ]
- “ o9
10 20 40 100 200 10 20 40 100 200
Number of cycles x108 Number of cycles x108
Standard gears Shot-peened gears
Comparison of surface (pitting) fatigue lives of Speed — 10 000 RPM
standard ground and shot-peened carburized Lubricant — synthetic paraffinic oil
and hardened CVM AISI 8310 steel spur gears: Gear temperature — 77°C (170°F)
6
Srlot eanald
g /-P
G5 — 1
Q@
SN
c
G4
& A —1
E‘ Non—shot-peaned
"3
3 [
S Spiral bevel gear, 3.625 DP
e Material, 8520H bar stock, heat treated:
%2 [~ Carburized & hardened to 61 HRC
Load transmitied: 135 HP @ 5000 RPM
= Shot peening specifications:
O Shot size 170 H
11 Intonsiy 010—014A
Coverage 200%
LT T T 1

104 10° 108 107
Cycles to failure

Figure 24 - Increase in fatigue resistance of
spiral bavel gear [15]
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Retained austenite level

Som e C0m mentS Herring, A Discussion of Retained Austenite, IndustrialHeating.com

2005

57

C

8

Austenite that does not transform to Martensite during
guenching - retained Austenite. 100% transformation
occurs only if cooling to Martensite finish temperature is

Temperature in
S
1
/3. /

done, below room temperature. \\N@\\\\

Retained Austenite content is a function of carbon i 04 08 z?

content, alloy content, quench temperature, post Carbon content in %

treatment

Transformation from Austenite to Martensite leads to Martensite start and
finish temperature

volume increase by about 4% -> internal stresses

Martensite: hard, strong, brittle. Austenite: soft, tough.
When properly combined, both beneficial properties are
combined.

Retained Austenite can improve rolling contact fatigue, its
ductility delays crack growth. And retained Austenite
transforms under external stress to Martensite, inducing
compressive residual stresses, delaying crack growth.

T I Ty R

..........
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Retained austenite level

After heat treatment, before shot peening oavs ),

Gear Materials, Properties, and Manufacture, 2005 ASM, Herring, A Discussion of Retained Austenite,
IndustrialHeating.com 2005

= More Austenite - tougher, better for low cycle fatigue.
= Less Austenite - harder, better for high cycle fatigue.
= Shot peening leads to stress induced Austenite to
Martensite conversion by about -5%.
= Target about 4-15% retained Austenite. Refer to e.g.
AGMA 926. Strength drops for higher than 15% level.
= Cryogenic treatment after heat treatment results in very
low retained Austenite content.
Dimensional
3 ;Maic ______ . Stability |HigHer
Jg I /i\ Fatigue
% - ! strength
el | el
S R >

Increasing retained austenite content

Retained austenite in the carburized case, %

F|g 29 Influence of retained austenite on bending fatigue
strength
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Retained Austenite and Its Effect on Gear
Performance. After carburizing and harden-
ing, it is possible that some retained austenite
may exist near the surface of the gear teeth.
Steels containing nickel are especially suscepti-
ble to such austenite retention. The retained
austenite is not generally considered harmful to
gear life when present in the amount not exceed-
ing 15 to 20% by volume. In fact, retained
austenite present between 15 to 20% by volume
seems to increase bending fatigue resistance of
gear teeth (Fig. 29). On the other hand, retained
austenite in the martensitic microstructure of
the case lowers the surface hardness, which is
not at all desirable for contact fatigue life. Also,
a high percentage of retained austenite (above
20% by volume) is found to be detrimental dur-

ing the service life of gears where the volume
accompanying austenite-martensite transforma-
tion causes dimensional change in gear tooth
geomelry. Furthermore, martensite formed in
this manner is untempered and brittle and may
accelerate crack formation in the case. Hence, it
is essential to control the amount of retained
austenite for maximum service life of gears.
Recent research indicates that finely dispersed,
retained austenite in the amount of up to 15% is
not detrlmental to the contact fatigue (pitting)

: austenite above 20% may
” discussed later in this chap-
e gears are ground on wet
geal grmdmo machines with vitrified aluminum
oxide wheels.

—
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Retained austenite level

550
Some aspects related to gearing

D; 500

£
= Gas carburized and oil quenched gears show lower retained f‘;m o

Austenite level of about 5% vs. low pressure carburized / o
carbonitrided gears of about 15%. g 100

= Root and flank strength is a function of retained Austenite 5
level, 20% indicates a good compromise. 350

) ) o 0 20 40 60
= Root strength seems to be fairly independent of austenising
1600
tem peratu re Stenico, Werkstoffmechanische Untersuchungen zur Zahfusstragfahigkeit einsatzgeharteter
Zahnrader, Dissertation, 2007
I DCE_S 500
: i K 1
600 7 : 18CINIMo7-B.£ {20
T 3 "O‘rl/ : 2
E‘ 500E niederdruckaufgekohltT ===} "‘ "%OM"C@'"’; 1000 E E
2 ;_‘TE‘J'“‘-“ f Z c 1400
£ 4w - \o\, 'WSCerMo'( g 800 & gn
E gasaufgekohh
200 1 g ZDMnCrS 27600 9
]
S T | ] 5 oo “ 1300
1 or,=00°C (I (@)] |
1 e 1,=1020°C ! £ E
100 4 - — — . F 200 =
450 500 550 600 650 700 750 800 850 D__
Oberflachenharte [HV1] — 1200
0 20 40 60

Bild 46 Kennwerte zur ZahnfuRdauerfestigkeit der ungestrahl-

ten Prufvarianten bei Variation der Austenitisierungstemperatur Retalned AUStenIte |n %

Ta: Einordnung in das Kennfeld der Norm DIN 3990 [2]
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Retained austenite level

After heat treatment, before shot peening

Table 9 Hardness and microstructure requirements in case and core for different classes of
carburized and hardened gears

Hardness Microstructure

Gear Case surface Core Area of

Ae rOS p ace 9 G e ar C I aSS (A) classia) Process Material (Knoop 500 g) HRC part Requirement

ﬁ Carburize and  Carburizing 720 min on 3444 Case High-carbon refined tempered martensite. \
harden grade tooth surfaces Retained austenite 10% max. Continuous

10% max. retained Austenite in

the case. pavis (ed.), Gear Materials, Properties, and
Manufacture, 2005 ASM

“... A number of standard heat
treatments in gear applications
require the retained austenite to
be in range of 15-20%. On the
other hand, in aerospace
applications, other ... require
the retained austenite to be
reduced to less than 4% by
sub-zero cooling ...” abudaiaetal,

Characterization of Retained Austenite in Case Carburized
Gears and Its Influence on Fatigue Performance, Gear
Technology, 2003
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710 min at root
fillet areas

Core

carbide network or cracks are not acceptable.
Scattered carbides are acceptable provided the
max carbide particle size does not exceed
0.005 mm (0.0002 in.) in any direction.
Transformation products such as bainite,
pearlite, proeutectoid ferrite, or cementite not
permitted in excess of the amount. No white
martensite (untempered) permitted.

Low carbon (tempered) martensite. No blocky
ferrite, pearlite, or bainite. Ferrite patches not
to exceed 1.6 mm (I"m in.) in width or length
as measured at 250x magnification. Exoesy

banding not permitted

Carburize and  Carburizing

Carburize and  Carburizing

690 min 30-44
(all arcas)

630 min 28-45
(all areas)

Case

Core

Case and
core

High-carbon tempered martensite. Retained
austenite 20% max. No continuous carbide
network is acceptable. Scattered carbides are
acceptable provided the maximum carbide
particle size does not exceed 0.010 mm
(0.0004 in.) in any direction. Surface
oxidation not to exceed 0.013 mm (0.0005
in.). Transformation products not permitted in
excess of the amount shown. No white
martensite permitted.

Essentially low-carbon martensite with some
transformation products permissible. Ferrite
patches up to 3.18 mm (L,’E in.) wide and
length permissible as measured at 250,
Excessive banding not permitted.

Defects such as laps and cracks are not
permitted. Retained austenite, 30% max. Case
depth shall meet drawing requirements.
Excessive inclusions that may affect the
function of the part shall be cause for
rejection.

(a) A, critical applications where a gear failure may result in loss of life; B. not as critical as A but still requires high reliability; C. industrial application
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Retained austenite level

Effect of shot peening on retained Austenite

Significant reduction of retained
AU Sten |te FVA research report 185, Zahnflanken

Kugelstrahlen

Shot peening leads to stress
induced Austenite to Martensite
conversion by about -5%

Sollich, Kugelstrahlen, Steigerung der Schwingfestigkeit von
Verzahnungen, Festkolloquium Braunschweig 2011
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Residual stress ¢='in MPa
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bel Fieck 2 = 25 mm

o 100
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Influence of shot peening
Results of a DoE investigation

Status before shot peening, case carburized
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Retained Austenite
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Retained austenite level

EffeCt on SCUfflng I’ISk Gear material Xw
Through-hardened steel 1,00
Phosphated steel 1,25
Copper-plated steel 1,50
Retained austenite level has considerable prEne s =

Case carburized steel:

influence on scuffing risk, 1ISO 6336-21.

— average austenite content less than 10 % 1,15

— average austenite content 10 % to 20 % 1,00

— average austenite content greater than 20 % to 0,85
For retained Austenite content of 15%, value of 30%

Austenitic steel (stainless steel)

XW = 1.00 applies.

Input in KISSsoft: Table 4 Mean scuffing temperature for

synthetic lubricants typically used for operating

System data | Peir/gear data carburized gears in aerospace applications

Pair data

Relative structural factor (scuffing) Kurerr i Mean scuffing temperature, 75
Lubricant C F
MIL-L-6081 (grade 1005) 129 264
MIL-L-7808 205 400
MIL-L-23699 220 425
DERD2487 225 440
DERD2497 240 465
DOD-L-85734 260 500
Mobil SHC624 280 540
Dexron II 290 550

Source: Ref 20
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Retained austenite level

ISO 6336-5:2016

Examples, influence of shot peening on retained Austenite level

Gear Version Variante KG DL1 | KG SR1 | KG DL2 | KG DL 3 | KG DL 4
Druckluft- | Schieuder- | Druckluft- Druckluft= Druckiuft=-
SP-method (nozzle / wheel) Strahlverfahren i | aeian | satie g o
Material Werkstoff 16 MnCr S | 16 MnCr 5 | 16 MnCr 5 | 17 CrNiMo 6 | 17 CrNiMo 6
Initial content of RA Ausgangsgefiige | RA=40% | RA=40% | RA=18% | RA>44% | RA=25%
nach dem Kugelstrahlen: after shot peening:
Content of RA after SP Gefiige RA=14% | RA=26% | RA<c5% | RA=11% | RA<S5%
mittlere
Average roughness Rauhtiefe R,>25um | R,>3um | R, >22um |R,>25um | R, >28um
. Eigenspannungen Opy = Opp = Opp = O > Opp =
Residual surface stress an der Oberfliche |~980 N/mm?|-1200 N/mm3 -780 N/mm? |-1000 N/mm? -770 N/mm?
Harteanstieg AH | ~180HYVI0 | ~50HVI0 | =S0HYI0O | ~150HVIO | =170HVI0

Hardness increase

OLED19%4

Bild 54:
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Werkstoff- und Gefiigevarianten mit charakteristischen Kennwerten nach dem

Kugelstrahlen
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Retained austenite level

ISO 6336-5:2016

Note the comment on salvaging by
shot peening where Austenite is
transformed to Martensite again.

Limit of 30% is in line with above
recommendation of 25%.
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ISO 6336-5:2016(E)

Table 5 (continued)

inspection. b

Item | Requirement ML MQ ME

10.2 |Surface struc- |No Recommended. Required.
ture: Th‘e de- . specification Martensite, essentially fine Martensite, fine acicular, as shown
sired structure . .
has less than acicular, as shown by a by a representative test bar.

10 % bainite representative test bar.
determined by

metallographic

inspection

10.3 |Carbide Semi- Discontinuous carbides permitted |Dispersed carbides permitted in

precipitation  |continuous |in accordance with Figure 20 b). accordance with Figure 20 c).
carbide Discontinuous carbides differ from | Maximum size of any carbide is
network semicontinuous carbide network in | 0,01 mm. Inspection of representa-
permitted in |such a way that they do not deline- |tive test bar in accordance with 6.5.
accordance |ate the grain structure. Maximum
with length of any carbide is 0,02 mm.
Figure 20 a). |(On representative test bar, if used.)
On repre-
sentative
test bar.

10.4 |Residual No Up to 30 % on inspection of Up to 30 %, finely dispersed.
austenite. specification |companion heat treatment batch Inspection of representative test
Determined by test piece. bar in accordance with 6.5.
metallographic

If outside specification, salvage may be possible by controlled shot-
peening in accordance with 6.7, or other appropriate procedures.
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Mean stress influence factor YM

Along ISO 6336-3, Annex B (informative)

ISO 6336-5: YM = 0.70 for reverse bending. Note that
this is not necessarily conservative.

The mean stress influence factor, Yy, can be calculated as follows:

1
Y, =——————— (B.1)
M _
1-R. 1-M
1+M
where
R is the stress ratio;

M considers the mean stress influence on the endurance (or static) strength amplitudes, and
is defined as the reduction of the endurance strength amplitude for a certain increase of
the mean stress divided by that increase of the mean stress (the values listed in Table B.1
may be used for M, see explanation below).

To simplify, for designs with the same load applied both on forward- and back-flank, R may be assumed
to equal —1,2. For designs with considerably different loads on the forward- and back-flank, R may be
assumed to be as follows:

K
R=-1,2. —Rlow_ (B.2)
‘Rhigh
where
Fruign 15 the load per unit facewidth of the higher loaded flank

Friow 15 the load per unit facewidth of the lower loaded flank

Table B.1 — Mean stress ratio, M

Endurance limit Static strength
Case hardened 08-015¥; 0,7
Case hardened and shot peened 0,4 0,6
Nitrided 03 0,3
Induction or flame hardened 0.4 0,6
Not surface hardened steels 0,3 0,5
Cast steels 0,4 0,6
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R = 0,/ 0,

'—o-

Npg

Nen
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Mean stress influence factor YM for periodic load reversal

In case of periodical change of loading direction

Calculate YM as a function of the
number of load reversal.

For case carburized gears, a 30%
strength loss is quickly achieved in case
of load reversals.
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Alternating Bending Factor

Operating {Mean Stress Influence Factor) Load Direction
Mode Y
M
A
oF
Pulsating 1
o))
Alternating 00 -675 o
0.85—0.15-“E¥rer
0.85 —0.20 - 2E¥rer 0
Oscillating (<N, <109
0.7 W
0.65 @

(Nyer = 10°)

(1) Linke, H.: Stirnradverzahnung, Carl Hanser Verlag, 1996.

(2) Linke, H.: Stirnradverzahnung

, Carl Hanser Verlag, 2010.
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Mean stress influence factor YM

Flag “shot peening”

Note that the flag “shot peened” in
material details is not related to YT
factor.

It is related to YM factor if YM is
calculated along Annex B to ISO
6336-3. If flag “shot peened” is
active, then, second line in Table
B.1 is used.

Then, M and subsequently YM is
not a function of YS but constant.
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K Define material Gear 1

J Own Input

Label

Luvocom 1-1119
Luvocom 1-8181

VYTU UL

[ shot peened

VL UUUUUIUY | T N L (-]

Comment

[5] PAG6, CF, by Lehmann&Voss
[S1 PAG6. CF. bv Lehmann&Voss

Cancel

Alternating bending factor (mean stress influence coefficient)

N
Method Calculation according ISO 6336-3 Annex B with f_low(%) v
Alternating bending factor Y 0.6604| | 1.0000

y,
Endurance limit Static strength

Case hardened 0,8-0,15¥; 0,7

Case hardened and shot peened 0,4 0,6

Nitrided 0.3 0,3

Induction or flame hardened 0,4 0,6

Not surface hardened steels 0,3 0,5

Cast steels 0,4 0,6
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KISSsoft usage

Flag «Limited pitting is permitted»

Even after study of literature, it is not clear what the

extent of «limited pitting» is.

In tab «Rating», button «Details», the corresponding
flag may be set.

Limited pitting is permitted

Then, the curve (1) is used instead of curve (2).

2e3

W =
M @
oW

)
¥

Stress oP, o [N/mm2]

)
N

T o .
T~
~\
HI‘ l\ll\,l;) TTT I\H‘ TTT IZ’\‘) T |[|”|| T llHllTQ T IIHHTI T IIHIg T IIH'\III T HIHIl T IIIB;IV
S S
N N R RN RN

Number of load cycles
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-

B R

ey

1,7

16

1,4

o
e
A

13

N
12 S

09

08

"0t 10°

number of load cycles, Ny
life factor, Zyy

10° 107 10° 10° 10"

St, V, GGG (perl, bai), GTS (perl.), Eh, I, when limited pitting according to Clause 4 is permitted
St, V, GGG (perl, bai), GTS (perl.), Eh, I, when no pitting according to Clause 4 is permissible

GG, GGG (ferr.], NT (nitr), NV (nitr])
NV (nitrocar.)

KISSsoft
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KISSsoft usage

Input of technology factor YT

YT needs to be defined by the user, it is never
automatically set in KISSsoft. In put is in tab “Factors”,
button “Z-Y factors”. Note that the factor only applies
for root strength. To consider the effect of e.g. shot

K Define 7-Y factors

peening of the flank, directly manipulate the S-N curve.

Tooth flank
Gear 1 Gear 2
Lubricant factor | 1.0184|| 1.0157| O
Speed factor z | 0.9761 || 0.9796| O
Roughness factor Zn | 0.9817|| 0.9843| O
Material hardening factor Zy | 1.0000 | 1.0000| O
Size factor % | 1.0000 | 1.0000| O
Tooth root
Gear 1 Gear 2
Gear rim factor Yo | 1.0000 | 1.0000| O
Notch sensitivity factor Y | 0.9966 | 0.9946| O
Surface factor Yorerr 0.9567| 0.9567| [
Strefaeton rr— orgee A
Technology factor Yro | 1.0000 | toooo| |4
Cancel
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Technology factor Y7 according to 150 6336-5

Treatment of the tooth root area

Technology factor Y1
{only for case-hardened gears)

Shot-peening (Quality MQ)

1.10

Shot-peening (Quality ME)

1.05

Technelogy factor ¥r according to Linke

Treatment of the tooth root area

Technology factor Yr

Shot-peening
applies for case-hardenad or
carbonitnded tooth forms; not ground in
the hardened layer

1.20

Rolling
Applies for flame or induction hardened
tooth forms; not ground into the
hardened layer

1.30

Grinding
applies for case-hardened or
carbonitrided looth forms

General: 0.70
with CBM grinding discs: 1.00

Cutting Machining
does not apply for ground tooth form

1.00

Technology factor Yraccording to Lloyd's rules

Design factor Yo in Lloyd's rules

Technology factor ¥Yr=1.00/Yo

Conftrolled shot-peening (Yo = 0.83)

1.205

Shrunk on gears, approx. (Yo = 1.25)

0.800

Shrunk on gears, by formula

1
0.2:ds’-d Py b
= - a7 1
Fr-og r:m(d,r ds ]

ds: Shnnk diameter (mm)
Pr Radial pressure (M/mm?)

YT =

1+

Technology factor Yr according to GOST

See GOST 21354-87, Table 13, Normally 1.00
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Size factor YX for small gears

Y
Influence of size on specific strength
1 - r
| St, V, GGG (perl., bai), GTS (perl)
0,9 \<
Material flaws increase with increasing size. Rating 7 T
standards are known to be conservative for small 08 e )
gears.
. . 0,7
FVA project 410 proposes different approach for YX
. . . 0
factor. Set below flag in the module specific settings. o 02w oo X
[ Module specific settings 150 6336/ DIN 3990 i 210;“1::;210?':19 e
General Plastic  Sizings  Calculations 1 Calculation of size factor for small gears similar to that stated in FVA report 41011 @ static stress (all materials).
b Reference stress.
(root).
Size factor for small module gears ISO 6336
1.60
1.50 Example test results 16MnCr5
1.40 ? 1400
1.30 o~ 1200 7 -
1.20 g 1000 Z 5
110 . 800 2 ?
1.00 < oo 4 ? %
7% 7 %
= % 7
0.90 = ye 400 % ? %
0.80 2 200 2 7 ’
0.70 - g 4 % v
0.60 [ L) 10 16 20
0 5 10 15 20 25 Modul m,in mm —»
—VYX 1506336 ——V¥X, FVA 410 Steutzger, M. GroReneinfluR auf die ZahnfuRfestigkeit, Forschungsvereinigung

Antriebstechnik e.V.,Frankfurt am Main, Forschungsvorhaben Nr. 162, Heft 529. 1997
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Size factor YX for different materials

Influence of material on specific strength

Material flaws increase with increasing size
Rating standards are known to be conservative
for small gears

FVA project 410 proposes different approach for
YX factor

To change calculation method for YX, set below
flag in the module specific settings.

u Module specific settings

General Plastic  Sizings  Calculations

IS0 6336/ DIN 3990
i1 Calculation of size factor for small gears similar to that stated in FVA report 41011
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Size factorYy —»

1.1

1.0 -
17NiCrMo14

0.9 17CrNiMo6

0.8 =~ ol EIE:EQ_O —
16MnCr5

0.7 =

0 . | . | ! |
0 5 10 15 20 25 mm 30

Module m, in mm —
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Thank you for your kind attention

Sharing Knowledge

KISSsoft AG, A Gleason Company
Rosengartenstrasse 4, 8608 Bubikon, Switzerland
T. +41 55 254 20 50, info@KISSsoft. AG, www.KISSsoft. AG
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