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Abstract 
For maximum energy savings low viscosity lubricants are frequently used. Increasing transmitted power leads to higher 
temperatures and thus thinner lubricating films. These tendencies increase the failure probability in gear contacts with 
respect to wear, scuffing, micropitting and pitting performance. 

New test methods on modified FZG gear test rigs were developed to evaluate the load carrying capability of gear 
lubricants. 

For the low speed regime a wear test using C-type gears at low pitch line velocity of 0.05 m/s, and two different 
temperatures of 90 and 120 "C to consider different additive response at high loading of load stage 12(C/0.05/90:120/12) 
was developed and applied to many different lubricants. 

New scuffing procedures for gear lubricants of scuffing performance between API GL 3 and GL5 were developed. The 
step test A10/16.6R/90 uses A-type gears of 10 mm pinion face width at 16.6 m/spitch line velocity with a driven pinion. 
A discrimination of all gear oils up to the level of API GL 4 is possible. A shock test S-A10/16.6R/90 with direct loading 
in the expected load stage discriminates between GL 4 and GL 5 lubricants. 

Different standard pitting tests are available for different lubricant viscosity grades using C-type gears at 8.3 m/s pitch 
line velocity and 90 "C in load stages 9 (PT C/9/90) or 10 (PT C/10/90). For automotive applications load spectrum 
testing is possible at low (PT C/LLS/90) and high (FT C/HLs/90) loads. For applications with long oil drain intervals a 
combined pitting and oil ageing test was developed (PITS C i85 TS) using C-type gears at variable load, speed and 
temperature conditions. At high temperature conditions between 120 and 150 "C the oil ageingproperties together with 
their influence on pitting characteristics is evaluated in correlation to a reference oil. 

The test methods are described. Test results with different market products are discussed. 
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NEW TEST METHODS FOR THE EVALUATION OF WEAR, 

SCUFFING, AND PITTING CAPACITY OF GEAR LUBRICANTS 

B.-R. Höhn, P. Oster, K. Michaelis 

Gear Research Centre (FZGI, Germany 

1 Introduction 

The lubricant as a design element can play an 
important role in the slow speed wear, scuffing, micro- 
pitting and pitting behavior of gears in power trains. 
With the demand of extended oil drain intervals, pre- 
dominantly in automotive applications, not only the 
Jerformance of the new oil but also that of used oils 
with thermal and oxidative degradation has to be ob- 
served. Base oil type, viscosity and additive system 
influence the different failure modes. Comprehensive 
knowledge of the lubricant performance under compa- 
rable test conditions is the key factor for lubricant 
optimization for transmissions in practice. 

a* 

A number of test methods was developed 
using the FZG back-to-back gear test rig where over 
500 machines are available world-wide. These meth- 
ods are the Chevron wear test A/0.57/120/10 for 
tractor hydraulic fluids [ I  I ,  the scuffing test A/8.3/90 
[2, 31, the micropitting test GF C/8.3/90 [41 for indus- 
trial gear oils, and the pitting test PT C/9:10/90 [51 for 
automotive gear oils (see Table 1). Continuous oil 
development, cost reduction and new market demands 
made it necessary to develop new test methods for 
gear oils. These new methods on the FZG gear test rig 
are presented and discussed. 

2 General Considerations on Test Strategies 

The best test configuration for full comparabili- 
ty is the actual gearbox under typical operating condi- 
-ions. For industrial gear applications this is always too a 

expensive and for automotive gear applications this is 
mostly too time consuming. 

The second best are test procedures using 
defined test gears with high reproducibility in geome- 
try, heat treatment and surface finish being exposed to 
exaggerated operating conditions in order to reduce 
test time. Parameters which are modified versus oper- 
ating conditions have to be chosen very carefully for 
best simulation. 

Test Gears 
High reproducibility of test gears can only be 

achieved when one manufacturer produces such gears 
on the basis of a commercial interest. Exotic test gears 
where only 200 pairs are ordered every three years, 
can hardly be produced to the required high quality 
standard. Therefore, i t  is highly recommended to write 
a new test procedure around already existing test 
gears, as e.g. FZG standard test gear types A and C 
(see Table 2). The production figures of FZG standard 
test gears type A are in the range of some 2000 per 
year and type C in the range of some 500 per year. 
The manufacturer of these gears has dedicated three 
grinding machines only for the finishing of A type 
gears. Together with the control in the CEC project 
group ST 007, dealing with the scuffing test, a contin- 
uously high accuracy and reproducibility of the test 
gears can be guaranteed. 

Test gear geometry can be chosen for best 
simulation of the desired failure mode. A large module 
is in any case necessary to avoid tooth breakage. For 
wear investigations according to Plewe [61 the sliding 
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Parameter Scuff i ng test Wear test Micropitting test 

Gear type A A G F-C 

8.3 rn/s Pitch line velocity + 8.3 rn/s 0.57 rn/s 

Lubrication DIP DIP Spray 

Oil Temperature 90 o c  121 oc 90 oc 
uncontrolled controlled controlled 

Driving gear Pinion Pinion Pinion 

Failure criterion Load stage to  Wear rate Load stage to 
total scuffed face in rng/kWh rnicropitting depth 
width > 20  rnrn 

15 min per LS 20  h in LS 10 

IP 334 
ASTM D-5182 
CEC L-07-A-96 

>7.5 p m  

16 h per LS Test procedure 

Standards DIN 51 354 ASTM 4998 FV A 

Pitting test 

PT-C 

8.3 rn/s 

DIP 

90 o c  
controlled 

Pinion 

Running time to 
pitted area on 

one tooth > 4 %  

< 300 h in LS 9 

FVA 

Dimension Symbol Unit A i 0  PT-C I GF-C 

Centre distance a mrn 91.5 
1 

Number of teeth pinion 
gear 

II 'Profile shift factor Dinion I x l  I - I 0.8532 I 0.1817 

* 16 
24  

21 
27 

Module 

Pressure angle 
Operating pressure angle 

Helix angle 

Face width pinion 
aear 

rn mrn 4.5 

O 20  a 
U, O 22.5 

b l  

ß O O 

mrn 10 20  
rnrn 20  20  b, 

2 

gear 
I 

x7 I -0.5000 I 
Operating pitch diameter pinion 

gear 

Tip diameter pinion 
gear 

Material 

Heat treatment 

Surface roughness pinion 
gear 

Roughness tolerance 

:w1 rnrn 73.2 

daí mm 88.8 82.5 
dn7 mrn 11 2.5 118.4 

W 3  1 09.8 rnm 

20MnCr5 16MnCr5 

case carburized 

Ra 1 Prn 0.35 0.30 0.50 
Ra, Pm 0.30 0.30 0.50 

AR, Pm i 0.1 
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properXies are of minor influence. For scuffing investi- 
gations gears with high sliding are designed [71. For 
endurance investigations (micropitting and pitting) 
gears with high local Hertian stress resulting from 
unfavorable load and curvature conditions can be used 
18, 91. Profile modifications like tip relief and crowning 
should be avoided because more parameters - length 

. and amount - can vary between the given tolerances. 
Tip relief also decreases severity and thus increases 
test time due to optimized load distribution alhng path 
of contact. Fig. 1 shows the influence of a crowning 
tolerance on the Hertzian stress level and the expected 
pitting life, assuming a standard slope of the pitting 
SN-curve. 

Zrowning height 

Irowninq radius 

2200 
N /rn rn2 

2000 

u 1800 

2.5 1600 

._ 25 1400 
N -  

y =  

v i =  
ln, 

- 0  
inn 

16 MnCr 5 E 

2 5  1200 

1 o6 1 O' 1 o8 
pinion load cycles 

25 prn 30 prn 35 prn 

720rnm 600rnrn 514 rnrn 

iertzian stress 

telative pitting life 

21 46 N/rnrn2 2228 N/rnrn2 2304 N/rnrn2 

200 % 100 % 65 % 

g. 1 : Influence of Crowning Tolerance on Pitting Life 

Load 
High loads in the range of time strength reduce 

test time and increase test severity for all failure 
modes. However, for the investigation of the influence 
of lubricants on pitting, load increase is not the solu- 
tion. Fig. 2 shows typical pitting SN-curves for t w o  
lubricants. Under high load conditions the pitting ca- 
pacity is dominated by the material, properties. There- 
fore, the influence of the lubricant can be neglected. 

Pitting investigations of different lubricants must be 
planned around the endurance limit, resulting in rela- 
tively high life time (up to  5 0  million cycles), naturally 
high scatter around the endurance, but good discrimi- 
nation between lubricants. 

2 L O O  
Nlrnrn* 

2 200 

u2 O00 a 
YI 

$1000 

D 1600 

L - 
YI 

.- 
N - o 

1 LOO 
I 

1200 104 105 106 107 io8 109 

load cycles N 

Fig. 2: Pitting SN-Curves for Two Different Lubricants 
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E .- e 
I- - .- 
E .- - 
a, 
3 
U 

O 
L 

+- 

tangential speed V+ 

Fig. 3: Load Capacity Limits of Case Carburized Gears 

Speed 
The dependency of the failure modes on speed 

is shown in Fig. 3. For wear investigations low speed 
is required for unfavorable film conditions. For scuffing 
the critical speed between pitch line velocity of v = 
2 0  and 50 m/s as the minimum of the bath tube 
curves can be used for high scuffing risk. For micro- 
pitting and pitting a typical operating speed can be the 
best compromise between increasing load carrying 
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capacity and and increasing number of cycles per time 
with increasing speed. 

Runninq Time 
For stationary wear conditions beyond running- 

in effects a certain test time is required. Scuffing as an 
instantaneous failure requires only a short test time. 
Mi.cropitting and pitting as fatigue failure modes re- 
quire medium to long test times. 

500 

mg 
E 
E 300 
3 
cn 

k 200 
o, 
3 

1 O0 

O 
O 50 100 h 150 

running time 

Fig. 4: Temperature Influence on Slow Speed Wear 

0 30 60 90 OC 110 
oil temperature 

~~ - ~ 

Fig. 5: Temperature Influence on Scuffing 

Temperature 
A general tendency can be observed that oil 

temperature is increased in order to  increase test se- 
verity. The idea is that with increasing temperature 
viscosity and film thickness decrease and thus unfa- 
vorable lubricating conditions lead to early failures. 
This is certainly the case for non-EP oils, for EP con- 

taining oils the chemical activity of the additi +err 
has also to  be considered. In many cases oderr 
additive packages tend to provide better wear (see Fig 
4) and scuffing (see Fig. 5 )  protection at higher o¡ 
temperatures. Therefore temperature should always bt 
chosen in the range of actually occuring operatins 
temperatures. 

1 Test Pinion 5 Locking Pin 

2 Test Wheel 

3 Slave Gear 7 Torque Measuring Clutch 

4 Load Clutch 8 Temperature Sensor 

6 Load Lever and Weights 

Fig. 6: FZG Back-to-Back Gear Test Rig 

3 New Test Methods 

Following the described strategies some new 
test methods for gear lubricants using the FZG back- 
to-back gear test rig (Fig. 6) were developed. A thor- 
ough description of the rig and the already existing 
standardized or at least standard test methods (see 
Table 1) can be found elsewhere [IO]. 

Slow Speed Wear Test 
The Chevron Test [Il (see Table 1) for tractor 

hydraulic fluids of low viscosity grade can normally not 
discriminate different industrial or automotive gear oils 
of higher viscosity. Therefore, in systematic investiga- 
tions on the influence of load, operating speed, oil 
temperature, and necessary running time a proposal 
for a new universal wear test C/0.05/90:120/12 was 
developed (see Table 3). Pitting test gears type C-PT 
(Cl are used at a pinion speed of 0.05 m/s (0.05) - 
equivalent to 13 rpm at the pinion - at oil temperatures 
of 90 and 120 OC (90:120) at highest load stage 12 
(12) - equivalent to TI = 378,2 Nm.' As a minimum 
the method consists of t w o  test parts. A detailed de- 
scription of the test procedure can be taken from the 
DGMK information sheet [ I  I I. 

Part 1 : C/0.05/90/12 - Part 1 lasts 
24 h with intermediate weighing of pinion and gear. 
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Test Conditions c10,05/90/12 

Pitch line velocity 0.05 mls 
9 c10.05/120/12 c10,57/90/12 

0.05 m/s 0.57 mls 

Pinion speed 
Wheel speed 

Running time 2 x 2 4 h  2 x 2 4 h  1 x 4 8 h  

13 rpm 13 rpm 150 rpm 

8.7 rpm a,? rpm 100 rpm 

~~ ~ 

Revolutions of shaft 2 2 x 12 500 

The pitch line velocity is v = 0.05 m/s, and the oil 
sump temperature is maintained at Soi, = 90 OC. This 
condition gave the highest wear rates for all tested 
lubricants. 

2 x 12 500 1 x 288 000 

Part 2: C/0.05/120/12 - Part 2 lasts also t w o  
times 24  h with intermediate weighing of pinion and 
gear. The oil sump temperature is increased to Soi, = 
120 OC with the other parameters kept constant, to  
check the additive reaction at elevated temperature. 

Test result 

The two parts have always to  be carried out 
for testing a lubricant. Part 3 can be added for a more 
detailed information in one operating condition. 

Part 3: C/0.05/90/12 or C/0.05/120/12 or 
C/0.57/90/12 - Part 3 lasts 48  h without intermediate 
weighing. 
C/0.05/90/12: Repeating the test conditions of part 1 
can show how mechanical and chemical changes on 
the flank surface are relevant under changing operating 
conditions. 
C/0.05/120/12: Repeating the test conditions of part 
2 can be appropriate when the operating conditions in 
practice are predominantly at a higher temperature 
level and the results of part 2 are not yet sufficient or 
have not yet arrived at a steady state level. 
C/0,57/90/12: Changing the pitch line velocity to  v = 
0.57 m/s, corresponding t o  a pinion speed of n1 = 
100 rpm, can show the influence of higher speed and 
thus higher film thickness and better lubricating condi- 
tions on the wear behaviour. The oil temperature of 
Soi, = 90 O C  was chosen, because in most cases at 
the lower temperature higher wear rates were found. 

* 

weiaht loss of pinion and qear 

The conditions of the different test parts are 
summarized in Table 3. 

Different gear lubricants - hydraulic oils, ATFs, 
turbine oils, industrial gear oils and automotive gear 
oils of GL 4 and GL 5 performance - were tested under 
these conditions. Typical test results are shown in Fig. 
7 .  It can ,be seen from this Figure that different catego- 
ries of wear behaviour can occur: 

O high or medium wear rate in both parts I and 
2 (e.g. Dexron 32  D) 

O high or medium wear rate in part 1 and low 
wear rate in part 2 (e.g. GL5-SP 80W) 

O low wear rates in both parts 1 and 2 (e.g. 
UTTO-Z 46). 

700 r 
Oexron 32 O 9,. = 90 'C 

I \  v = 0.05 m/s 
m g  

I -  

E 500 

5 400 

g 300 v = 0.05 m / s  

---- 
ln 9," = 120 'C 

3 200 
o 

.......... 
1 O0 e," = 90 'C 

O v = 0.57 m / s  
O 50 100 h 150 

running time 

ig. 7 :  Results of the Slow Speed Wear Test 

- 
U 

C 
0, 

O 

c 

.- 

.- - - 
al 
O 
U 

L 
O 
al 
3 
L 
O 
oi 
C .- - 

lubricant  film thickness h min 

~~ 

Fig. 8:  Evaluation of Specific Wear Rate clt 
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&sS$ 
Results of the wear test can be introduced into 

the wear calculation method according to Plewe [61. 
The total linear wear W, of a gear in practical applica- 
tion can be estimated from: 

cIT mrn/rev linear wear coefficient from 
test (Ti 

QHO N/mm2 nominal Hertzian stress 
relative radius of curvature at 
pitch point 

Pc  mm 

wear relevant specific sliding 
number of cycles 

Lv 
N 

The decisive parameter in this equation is the 
linear wear coefficient cIT. For straight mineral oils this 
parameter can be taken from a diagram as a function 
of the film thickness hmin calculated according to  
Dowson/Higginson [121 at operating conditions. Fig. 8 
shows c , ~  for case carburized gears. For a candidate 
lubricant with AW or EP additives the linear wear 
coefficient for the test conditions at oil temperature 
soil = 9 0  OC or 120 OC can be calculated from the 
test result. This value together with the appropriate 
film thickness hmin for test conditions is introduced 
into Fig. 8. With the assumption that lubricants with 
AW/EP additives behave similar as straight mineral 
oils, the original Plewe wear curve for non-EP lubri- 
cants is shifted parallel through the test point. The 
relevant linear wear coefficient for an AW/EP oil can 
now be taken from the diagram at the value of film 
thickness hmin of the gearset in practice. 

Scuffina Test for Automotive Gear Oils API GL 4 and 
- GL 5 

Standard test procedures like the FZG gear oil 
test A/8.3/90 acc. to ASTM D-5182 [21 or the Ryder 
gear test [ I  31 cannot discriminate oils of high EP-level 
with API GL 4 or GL 5 performance. Expressing the 
scuffing load capacity of a lubricant as the critical 
scuffing integral temperature acc. DIN 3990 [ I41  the 
discriminating power of such tests is far exceeded 
(Fig. 9). For automotive gear oils of API GL 4 level no 
accepted test method is available, for API GL 5 oils the 
CRC or the FZG L-42 test [151 can be used. In system- 
atic investigations on the standard FZG gear test rig 
the scuffing risk of the standard procedure was in- 
creased by varying speed and specific load, load appli- 
cation and sense of rotation. A step test 
A10/16.6R/90 for lubricants up to the level of GL 4 
and a shock test S-A10/16.6R/90 for discrimination 
between GI 4 and GL 5 were developed. A-type test 
gears with reduced pinion face width to b = 1 0  mm 
(AIO) are used at increased speed of 16.6 m/s (1 6.6) 
and reversed sense of rotation (RI, a t  oil temperature 
of 90 OC (90).  In the step test load is stepwise in- 

6 

5 

creased until scuffing occurs. In the shock test ( S )  th 
gears are directly loaded in the expected load stag 
and PASS or FAIL is stated. A comparison of thes 
methods with the standard scuffing test is given i 
Table 4. A detailed description of the test pr 
can be taken from the FVA Information Shee 

1 O00 

"C 

800 

- 700 

600 

500 

400 

300 

200 

1 O0 
O 

c 

9" 

$ 

2 
al - 
2 

0 1 2 3 4 5 6 % 8  
additive content 

Fig. 9: Limiting Scuffing Temperature for EP Oils 

700 
Nrn 

S-A10/16,6R/90 
13- . s m n g  
'2' o n o s m n g  - maan talliira mmtia ctana 

I l 1  I I I .- i ;  n 
I I '  

5 loo 
4 
2 O 

g. I O :  Results of the Shock Test S-A10/16,6R/90 

A variety of different gear lubricants were 
investigated. Results of the shock test are shown ir 
Fig. I O .  The repeatability of the test was acceptable 
within one load stage. In many cases good correlatior 
with the additive treat level was found. Lubricant GE 
which was tested as GL 5 PASS in the FZG L-42 tes1 
at 1 1 0  OC oil temperature gave a clear fail in the S. 
A l  0/16.6R/90 test a t  9 0  OC oil temperature. Repeatec 
tests S-A10/16.6R/I 1 O at 1 1 O OC showed again thc 
high expected scuffing level. Fig. 11 shows results of 
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A/8,3/90 A l  0/16,6R/90 
DIN 51 354 Stage test 

Gear geometry Type A Type A 

10 mrn Pinion face width 2 0  mm 

Wheel face width 20 mm 2 0  mm 

Pitch line velocity 8,3 m/s 16,6 rn/s 

Driving gear Pinion Wheel 

Rotation - @ -- -@ 
Torque Standard Standard 

Hertzian stress Standard t/2 - Standard 

Load application Stages Stages 

Oil temperature 90 o c  90 oc 
Failure criterion 2 2 0 m m  2 10rnm 

S-A10/16,6R/90 
Shock test 

Type A 

10 rnrn 

20 mm 

16,6 rnls 

Wheel 

-@ 
Standard 

- Standard 

Shock 

90 oc 
2 10mm 

~1a.3igo IjJTJ ~ i o / i 6 . 6 ~ / 9 0  

Ni 6.6/90 0 S-Al Oll 6.6R/90 

pinion face width 

Test result 

GL3 G L4 I GL4+ 

Failure load stage Failure load stage PASS - FAIL 

ig. 11: Results of the Scuffing Step and Shock Test 

different test methods for a wide variety of gear lubri- 
cants. 

Besides a relative ranking of lubricants with 
respect to their scuffing performance the results of 
these tests can also be recalculated to  critical scuffing 
temperatures and be introduced into the DIN [14] and 
I S 0  [ 171 standards of scuffing load capacity rating. On 

1 O00 
O C  

vi 900 

.i’ 800 .- 
700 

L 600 e 500 

1 400 
2 

300 

.E 200 

+ 

u 

- 
u, 
.5 e 100 

? o  
L 

w 
35 61 94 135 ia3 239 302 373 450 535 627 714 
3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

pinion torque in Nm I load stage 

Fig. 12: Scuffing Temperature for Different Tests 

the basis of the critical scuffing temperature, different 
test methods can be compared as shown in Fig. 12. 

In an ongoing research project the official 
ASTM GL 5 reference oils PASS and FAIL are investi- 
gated in the S-AlO/16.6R/90 test and the influence of 
the oil temperature is considered more closely. 
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Test Conditions PT C/9/90 PT C/10/90 

Pinion torque 302 Nm 372 Nm 

Pitch line velocity 8.3 m/s 

- 2000 
o 
-: 1900 

1800 

.= 1700 o 
5 1600 

U 

: 1500 
L 

1400 

.E 1300 
C 

L g 1200 

7 

PT C/HLS/SO 
' 

PT C/LLS/SO 

177-360 Nm 183-387 N 

8.9-1 5.5m/s 

1100 ' I l I I  I 1 

0.01 o. 1 1 10 million 100 300 
pinion load cycles 

Oil sump temperature 

Failure criterion 

Test result 

Fig. 13: LLS and HLS Load Spectra 

90 o c  

4 % pitting on one pinion tooth 

hours or cycles until failure 

150 
100 

SDEClfUm IESI 

similai 10 PT C/HLS/90 

S - standard les1 PT C/9/90 
%i C 30 

2 20 

u 10 
u 8  
8 6  

3 1s 

; 5  
o 3  
o 2  

1 
N 2 2 L 5 S L  

Fig. 14: Results of Standard and Load Spectrum Pitting 
Test (N = number of test runs) 

Pittinq Test 
Besides the standard single stage pitting test 

methods PT C/9/90 in torque stage 9 for low viscosity 
gear oils below VG 100 and PT C/10/90 in torque 
stage 1 O for medium and high v,iscosity gear oils of VG 
1 0 0  or higher t w o  additional procedures PT C/LLS/90 
and PT C/HLS/SO using variable load and speed condi- 
tions were developed. For a closer simulation of oper- 
ating conditions in automotive practice either a low 

load spectrum (LLS) or a high load spectrum (HLS) is 
applied (see Fig. 13). The respective speed in each 
load stage is adjusted t o  simulate acceleration at high 
torque and low speed conditions and cruising at  medi- 
um torque and high speed conditions. The test uses 
test gears of type C-PT (Cl at a variable speed 
between 8.9 m/s and 15.5 m/s and an oil sump tem- 
perature of standard 90 OC. The temperature can also 
be adjusted t o  actual temperatures in practice. A com- 
parison of the different methods is given in Table 5. A 
detailed description of the test procedures can be 
taken from the FVA Information Sheet [181. 

.Fig. 14 shows results of different automotive 
gear lubricants in the standard single stage test PT 
C/9/90 and a load spectrum test similar t o  PT 
C/HLS/SO.,The relative ranking of the lubricants is in 
t w o  cases the same, one case is different. This could 
have t o  do with a totally different temperature 
trum on the flanks in a single stage test compa 
a load spectrum test. In the variable load pitting tests 
there is a tendency of less micropitting as well as 
generally a higher number of load cycles until failure. 

a- 
Result of a pitting test is the mean value of 

pitting load cycles for 5 0  % failure probability, evaluat- 
ed from 3 to  5 individual test runs. The test results 
can be introduced into the IS0 calculation procedure 
by defining a new time strength branch of the SN- 
curve compared to  the standard SN-curve for the non- 
EP oil of same viscosity (Fig. 15). The approach is very 
conservative because the endurance level is kept con- 
stant. Improvements are therefore only calculated for 
gear pairs with limited life. 

Combined Pittinq and Oil Aaeinn Test 
Lubricant performance in all these test meth- 

ods is always assessed for the new oil. Due t o  the 
relatively short test times, oil ageing hardly occurs. In 
a transmission in practice, however, components are 
most of their lives exposed to  used oils. Therefore, in 
systematic investigations the influence of oil ageing on 
pitting life was investigated 1181. A typical tempera- 
ture-time-curve (T-T-curve) for a reference oil could be 
established (Fig. 16) where a decrease in pitting life of 
more than 2 0  % is expected. From these investiga- 
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O 1  o 5  1 10 1 O0 1000 10000 
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Fig. 16: Ternperature-Time (T-T-) Curve for Mineral 
Oils with S-P-Additives 
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Fig. 18: Results of the PITS Test 

tions a universal test method PITS C i80 TS was de- 
rived using conditions of variable load and speed at in- 
creased oil temperatures between 120 and 150 OC. 
The method was established for a standard mineral 
reference oil API GL 4 (see Fig. 17). After a one hour 
run-in at low speed and high torque a first sequence of 
the test procedure is run. During these first 70 hours 
the Miner sum of the oil has reached unity Ioii = 1.0 
and the oil is changed. The Miner sum of the oil Ioi1 is 
calculated from the failure accumulation of the applied , ; 
temperature-time-spectrum versus the T-T-curve in Fig. 
16. The load spectrum is chosen such that the pitting 
Miner sum of the gears is IPit = 0.5. The Miner sum 
of the gears Ipit is calculated from the failure accumu- 
lation of the applied load spectrum versus S-N-curves 
for the gear pair at different operating temperatures. 
With a second oil fill in the second test sequence after 
again 70  hours the conditions for the oil are Xoii = 1 .O 
and for the gears Xpit = 1 .O. The gears lubricated with 
the reference oil fail with pitting. Candidate oils are 
tested against the same procedure. If no pitting occurs 
after the second 70 .hours a third and a fourth se- 
quence with each 70 h without oil change is added. 
Fig. 18 shows results of different oils from the market 
compared to  the reference oil. For further test discrimi- 
nation the load spectrum can be increased from the 
80% level of load spectrum type i (i801 to e.g. 95 % 
(i95). This leads to  a failure of the reference oil after 
the first test sequence of 70 h. 

The method allows the relative pitting ranking 
of different lubricants versus a reference oil under new 
and aged lubricant conditions. With the determination 
of viscosity, acid number and IR-changes during the 
test, the oil ageing properties of the lubricant can also 
be evaluated. 
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4 Summary 

New test methods on the standard or modified 
FZG back-to-back gear test rig were developed. These 
cover the .evaluation of 

O wear performance of gear oils under thin film 
conditions 

O scuffing performance of automotive gears oils 
up to GL 4 and GL 5 level 

O pitting performance of autornotive gear oils 
under variable load conditions 

O pitting performance of automotive gear oils 
with simulation of oil ageing. 

The methods allow a relative ranking of different lubri- 
cants against a reference oil as well as the introduction 
of the results into gear load carrying capacity meth- 
ods. 
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