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Summary
KTH Machine Design has conducted pitting tests on gears made out of two different types of
steel in a standard back-to-back pitting test rig (FZG). The tested gears were produced from
Ovako’s IQ-Steel in grade 158Q and compared to the behaviour of a reference steel, commonly
used conventional steel in grade 16MnCr5 (reference steel, RS). The test method is a mechanical
test procedure generally used to determine the pitting load capacity of gear transmission
lubricants, but in this study the purpose was to compare the pitting load capacity of the two steel
types. The report is based on the test procedure described in FVA – Information sheet Research
Project No. 371 (Practice Relevant Pitting Test) with minor changes. Time to failure and
photographs of the fatigue damages are presented in this report. One gear tooth from each steel
type was analysed using SEM. The results, which are based on six tests in total (three gear pairs
IQ-Steel and three RS-steel), indicate that the IQ-Steel has better surface durability than the
reference steel. To better understand the mechanisms involved, further tests are suggested.
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Background

Due to market demands in the automotive industry some 15 years ago, Ovako developed an ultraclean steel type with isotropic properties; the IQ-Steel. IQ-Steel is a high cleanliness steel that can
handle complex load cases due to the isotropy of the material. So far, the main application area
has been components in the highly loaded diesel injection systems, with additional use for gears in
marine transmissions. The particular grade Ovako 158Q, which through alloy design minimizes
internal oxidation, shows good potential to increase the fatigue life of gears in the automotive
industry as well[1, 2]. The purpose of this study is to compare the pitting load capacity of 158Q
with 16MnCr5. The tests started in February 2015 and were finished in June the same year. Pitting
tests are time consuming; one test may take up to four weeks depending on when a fatigue failure
(a pit) is reached. Thereby the limited amount of testing.
2

FZG rig

The tests were performed in an FZG back-to-back gear test rig with a pitting test setup, Figure 1.
The pitting test was originally designed to determine the pitting load capacity of gear transmission
lubricants but in this study the FZG gear test rig was used to compare two steel types. To load the
test gear placed in the test gearbox (1), dead-weights are hung on the load clutch (2). The slave
gearbox and test gearbox are connected to a loop by shafts that enable power to circulate between
them. The power needed to drive the loop is equal to the energy losses that occur in the loop due
to friction in gears, bearings, seals and churning of the lubricant. A torque and speed sensor (4) is
connected to the slave gearbox. An electrical motor is used to apply the loss power of both gear
boxes (5).

Figure 1. Schematic of the FZG back-to-back gear test rig with the main part marked. 1-test gearbox, 2load
clutch, 3-slave gearbox, 4-torque and speed sensor, 5- motor.
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Gear geometry

The gears used were modified FZG C-Pt type gears. The main parameters for these gears are
shown in Table 1. The main difference between the used gears and the standard pitting FZG CPtX [3] gears are differences in tip relief, root relief, roughness and the lead crowning in the
wheel. Former standard pitting test [4] used the same geometry of the modified C-Pt described in
Table 1 except for the inclusion of tip relief. All gears have the same quality level and were
manufactured by Swepart Transmission AB. Before delivery to KTH Machine Design their
quality was checked by SwePart.
Table 1. FZG C-PtX and modified geometrical parameters.
Standard
FZG CPtX

Modified
FZG CPt

Centre
distance

a

91.5

mm

Face Width

b

14

mm

Pitch
Diameter

dw1

73.2

mm

dw2

109.8

mm

da1

82.46

mm

da2

118.36

mm

Module

mn

4.5

mm

Number of
teeth

z1

16

z2

24

α

20

x1

0.1817

x2

0.1715

Tip diameter

Pressure
angle
Addendum
Modification
factor

Accuracy acc.
to DIN 3962
*
Not known by the authors
2.2

≤5

Standard
FZG CPtX

Unit

°

Working
pressure
angle
Helix
Angle
Tip relief
Starting
Diameter
for tip
relief
Lead
Crowning
Root relief

Modified
FZG CPt

Unit

αw

22.44

°

β

0

°

Cαa1

0

20

µm

Cαa2

50

20

µm

dg1

0

80.3

mm

dg2

*

115.9

mm

Cb1
Cb2

0
30

Cfa1
Cfa2

µm
0

µm

0
50

µm
0

µm

Starting
Diameter
for root
relief

Cf2

??

0

mm

Roughness

Ra

0.1

0.3

µm

Cf1

0

mm

Lubricant

The gear pairs were dip (or splash) lubricated with a polyalphaolefin (PAO) based fully formulated
commercial gear oil with a density of 837 kg/m3 and with nominal viscosities of 64.1 cSt at 40 °C
and 11.8 cSt at 100 °C. This lubricant has properties suitable for heavy truck transmissions. 1.5
litres of lubricant is used in the gearbox per test. The oil level was up to the centre of the shafts.
The lubricant was filtered through a filter with a pore size of 8 µm before use. Every test run was
performed with new oil.
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Test procedure

Before each test the gear case is flushed twice, a new gear pair cleaned and inspected for rust or
any other damage. Then the gear pair is mounted, loaded with the run-in load and the oil level set
correctly and heated to 90 °C. The gear pair is then run-in for four hours. The running-in
procedure, slightly different from the standard procedure [3], is done at a pinion torque of 94 Nm
(corresponding to load stage 5) which corresponds to a maximum Hertzian pressure of 0.92 GPa
at the pitch. The speed of rotation is 2166 rpm for the pinion. Once the running-in is done the
test rig is loaded to the test load of 372 Nm for the pinion (load stage 10), which corresponds to a
maximum Hertzian pressure of 1.84 GPa at the pitch, and inspected every 14 hours or if damage
occurs – every 7 hours. Pitting failure in these tests is defined as having pitting over 4% of the
flank, i.e. 5 mm² of the C-Pt gears.
3

Results

3.1

Gear pitting results

The reference steel ran in random order for 169 h, 118 h and 300 h (run-out) respectively. The
IQ-Steel ran in random order for 300 h (run-out), 300 h (run-out but with pit close to 5 mm2) and
300 h (run-out) respectively. A conversion between numbers of hours without pitting to number
of cycles is presented in Table 2. A summary of these results are shown in Figure 2 and Figure 3.
Table 2. Conversion between number of hours and number of contacts of the pinion (300 h is equal to run-out).
Number of hours

118

169

300

Number of contacts of the pinion

15.3e6

21.9e6

39.0e6

Figure 2. Load versus number of contacts for both steel types (300 h is equal to run-out).
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Figure 3. The number of cycles for both steel types. Note that this represents the conservative assumption that the
run-out gears will not survive more than 300 h. The error bars (not visible for IQ) represent the minimum and
maximum and the bar represent the median.
Test gear pair RS1 was stopped after 169 h and the damaged pinion tooth can be seen in Figure 4.
A SEM image gives a close up of the pit (Figure 5). A cross-section of one gear tooth from RS1
can be seen in Figure 6, the microstructure shows no change below the surface, although there are
cracks close to the surface. In Figure 7 the most damaged tooth of RS2 is shown, the tests were
stopped after 118 h. RS3 was a run-out, one of the tooth can be seen in Figure 8. The pits are at
the centre of the tooth flank for both RS1 and RS2.

Figure 4. The damaged tooth flank after 169 h for RS1 on pinion.
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Figure 5. SEM image (23x magnification) showing the pit of RS1 after 169 h. The scale in total is 2 mm.

Figure 6. SEM image (2000x magnification) showing a cross-section of the gear tooth above the pitch diameter on
the RS1 after 169 h. Arrow indicates the rolling direction. The scale in total is 20 µm.
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Figure 7. The damaged tooth flank after 118 h for RS2 on pinion.

Figure 8. A tooth flank after 300 h for RS3 on pinion.
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All three tests for the 158Q were run-outs; 300 h. IQ1 and IQ2 showed some pitting at the edges
but did not reach the 5 mm² pitting failure limit. IQ3 showed no pits. Figure 10 shows a section
of one gear tooth from IQ1. As for RS1 (Figure 6), the microstructure shows no change below
the surface, although there are cracks close to the surface.

Figure 9. One of the teeth flank after 50 h on IQ1 pinion. The test continued for 300 h without an increase in pit
size.
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Figure 10. SEM image (2000x magnification) showing a cross-section of the gear tooth above the pitch diameter on
the IQ1 after 300 h. Arrow indicates the rolling direction. The scale in total is 20 µm.

Figure 11. A pit damage after 300 on IQ2 pinion, damaged area is close to 5 mm2.
Surface and more cross-section images using SEM can be found in Appendix A.
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Discussion

All tests behaved as expected. The damages look like classic contact fatigue failures; a portion of
the tooth flank material of comparatively large triangular shaped area has broken off of the
surface, i.e. the surface durability of the meshing flanks is exceeded. All damaged pinions
(damaged area over 5 mm²) have this in common. However, the IQ1 and IQ2 got damages close
to the edge. A possible explanation of this is that these gears have no lead crowning. Lead
crowning, helps to distribute the load over the whole tooth flank, and the inclusion of this might
overcome this problem. On the other hand, this edge contact did not occur for RS1 and RS2.
RS1 and IQ1 were analysed using SEM. Both materials exhibited micro cracks in the cross-section
(Figure 6 and Figure 10) and micropitting on the surface (Appendix A). Note however that these
two flanks were run for different number of contacts and still the cracks are of the similar size.
The IQ steel looks robust in Figure 2 and Figure 3, although only three tests were performed and
pitting tests are known to fluctuate. Note that all IQ tests reached run-out (300 h) and hence
stopped. This represents the conservative assumption that the run-out gears will not survive more
than 300 h. For how long they would have lasted if tests were continued could have been
interesting to look at. Moreover, IQ steel has higher resistance to bending fatigue according to
Temmel and Karlsson [1, 2]. Although surface durability and bending fatigue are two different
failure modes in gears, it motivates further testing of surface fatigue resistance of IQ-steel.
From this study it can be said that by comparing the IQ-steel and reference steel with only three
repetitions, it is difficult to fully conclude that IQ steel is more resistant to pitting. All three IQsteel samples went to full run out whereas the conventional 16MnCr5 reference had a large spread
on load stage 10. The results indicate that the IQ-steel has similar or better surface durability than
the commonly used conventional steel (reference).
4.1

Further work

Further testing, i.e. a total of six samples at load stage 11 in order to check whether the IQ-steel
load capacity is higher than conventional gear steel are suggested.
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Appendix A
SEM images of RS1 and IQ1 pinion surfaces can be seen in Figure A1 to Figure A6. In Figure
A7 to Figure A10 SEM images of the edge sections are shown.

Figure A1. SEM image (25x magnification) showing the addendum land of RS1.
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Figure A2. SEM image (25x magnification) showing the addendum land of IQ1.

Figure A3. SEM image (23x magnification) showing the dedendum land of RS1.

2(5)

Preliminary Report
Appendix A

Dokumentdatum
2015-10-02

Ev. diarienummer
TRITA – MMK 2015:07

Figure A4. SEM image (200x magnification) showing the typical micropitting of RS1.

Figure A5. SEM image (25x magnification) showing the dedendum land of IQ1.
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Figure A6. SEM image (500x magnification) showing the typical micropitting of IQ1.

Figure A7. SEM image (20x magnification) of edge section showing the typical micropitting of RS1 above the
pitch.
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Figure A8. SEM image (20x magnification) of edge section showing the typical micropitting of RS1 below the
pitch.

Figure A9. SEM image (20x magnification) of edge section showing the typical micropitting of IQ1 above the
pitch.
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Figure A10. SEM image (20x magnification) of edge section showing the typical micropitting of IQ1 below the
pitch.
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