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transmitted (Mazac, 2015). The oil temperature were measured by the resistive thermometer Pt100
installed in the oil drain plug. The place of oil temperature measurement is near of final drive gear.
The testing stand is on Fig.1., the measurement places are described here too.
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Fig. 1 The stand for gearbox loading and temperature measurement

The temperature measurements during a defined operation regimes were realized (Mazac, 2016). The
temperature measurement during all five shifted speed operation were realized, our research were fo-
cused on
1%t and 5™ gear only. Engine velocity (input of gearbox) were 3000, 3650 and 4300RPM. Load of
gearbox output was 25, 50, 75% of maximal torque, maximal input torque is 100Nm (73,8 Ibf*ft). The
loading parameters (output torque and RPM) for the 1% gear are in the Tab.1. The operation parame-
ters during the 5" gear performance are in Tab.2.

Tab. 1 Operation and loading parameters - 1% gear (transmission ratio = 14,18)

3000[RPM] in 3650[RPM] in 4300[RPM] in
Load [%]  torque out RPM out torque out RPM out torque out RPM out
[Nm] [min?] [Nm] [min] [Nm] [min*]
0% 0,00 211,45 0,00 257,26 0,00 303,07
25% 33,96 211,45 336,96 257,26 336,96 303,07
50% 673,93 211,45 673,93 257,26 673,93 303,07
75% 1010,89 211,45 1010,89 257,26 1010,89 303,07

Tab. 2 Operation and loading parameters - 5% gear (transmission ratio = 3,10)

3000[RPM] in 3650[RPM] in 4300[RPM] in
Load [%]  torque out RPM out torque out RPM out torque out RPM out
[Nm] [min?] [Nm] [min?] [Nm] [min?]
0% 0,00 967,32 0,00 1176,90 0,00 1386,49
250 73,66 967,32 73,66 1176,90 73,66 1386,49
50% 147,31 967,32 147,31 1176,90 147,31 1386,49
75% 220,97 967,32 220,97 1176,90 220,97 1386,49
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The gearbox ran for 15 minutes with a described mechanical parameters (Tab.1 and Tab.2). The final
average tooth temperatures arise from last 60 temperature values mesured during the measurement
interval (average of the last minute temperature values, temperature were measured every second).

RESULTS AND DISCUSSION

To verify the assumption that the temperature of the wheels is higher than the surroundings was the
main aim of the study. When the wheel and teeth temperature is higher, the heat can be share to oil and
other parts of gearbox. Can be that the dissipated energy during the tooth flank friction (natural pro-
cess during the gear operation) is so low and the gears absorbing the heat from oil.

The graphs of teeth and oil temperature were create - Fig.2, Fig.3. The graphs contains the average
teeth temperature and average oil temperature depends on input RPM and percent loading. The graph
for the 1 gear is on Fig.2. The graph for the 5% gear is on Fig.3.

Oil and Teeth Temperature - 1st Gear
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Fig. 2 Oil and teeth temperature graph - 1 gear

Oil and Teeth Temperature - 5th Gear
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Fig. 3 Oil and teeth temperature graph - 5" gear
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The average teeth temperature was higher than oil temperature in almost tested operation conditions.
The assumption was confirmed and is possible to say that during the operation of MQ100 gearbox
with chosen operation condition the teeth flank friction is the heat source.

The differences between temperatures of teeth and oil are contents in graphs Fig.4 and Fig.5.

Temperature differences: A = (t,.,,-t..); It gear
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Fig. 4 Temperature differences graph - 1 gear
*
‘A= . yth
Temperature differences: A = (t, .,-t)); V™" gear
14,0
12,0
10,0
c BV LT - RPM
[ e " ===l @ 4300[1/min]
<] - _,--"'-'. N
6,0 o T = fll= 3650[1/min]
B - == 3000[1/min]
a0 - -l _.--" ----------- ol
. —e—=si= — -
- —————
I S
-
2,0 gp===
0,0 : : .
0% 25% 50% 75%

Lead [percent per maximal load]

Fig. 5 Temperature differences graph - 5" gear

The graphs on Fig.4 and Fig.5 show that the highest differences of the teeth and oil temperature were
measured during the 4300RPM, 75% load and 1% gear operation. The temperature difference was
13°C (23,4°F).

On the Fig.6 are plot the both temperature differences measured during the operation on a 1st and 5th
gear. Is apparent that the temperature differences are lower during the low load operation and the tem-
perature differences increasing trend depend on higher loading.
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The gradients of the temperature connecting lines shows that the increasing rotation velocity of the
gears cause the lower influence of the load on the temperature teeth and oil differences.

Temperature differences: A = (t,...,-t.;); 1t and 5" gear
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Fig. 6 Summary temperature differences graph - 1% and 5" gear
CONCLUSIONS

This short paper describes a measurement and evaluation the temperatures of average teeth and oil
temperature during the mostly (without partial heating by the combustion engine) real operation of
Skoda Auto a.s. MQ100 automobile gearbox. The research were focused on a 1°*t and 5™ gear opera-
tion. The results show the teeth and oil temperature depended on the load. The temperature differences
are higher during the higher load operation regimes. The differences are closer to constant during the
operation with a higher RPM regimes. The differences of temperatures are compare in a summary
graph.

ACKNOWLEDGMENT

The results of this Project LO1201 were obtained with co-funding from the Ministry of Education,
Youth and Sports as part of targeted support from the “Narodni Program UdrZzitelnosti I’ program.

REFERENCES

1. Davis, J.R. & Associates (2005). Gear Mate- Nol, March 2012 © AUTEX, ISSN 1470-
rials, Properties, and Manufacture. ASM In- 9589. _
ternational ® Materials Park, OH 44073- 4. Mazac, M (2014). St_and for Measuring Ter_n-
0002. Ohio. USA. ISBN 0-87170-815-9 peratures of the Main Gears of Automobile

Differential. In Modern Methods of Con-
2. Elshourbagy S. A. M. (2012). Effect of Lub- struction Design, Book Series: Lecture Notes

rTicati%n on éhe Ql:an't\ilty ﬁf Helat. EPmissio? ﬁf in Mechanical Engineering, Edited by: Se-
| WO Cpurf (iagZI\/TAMeES "]IQ kn. ' r?/(\:/.A?SéTe vcik, L; Lepsik, P; Petru, M; Masin, I; Mar-
nt. Cont. - 1OKyO: ’ tonka, R. Germany: Springer Science +

2012-05-27. Vol:6, pp. 1-26. Busines Media. DOI:10:1007/978-3-319-
3. Skrivanek, J., Bilek, M. (2012). New structu- 05203.8.20 p_1'3'9_144_' '

re of the drive of small-diameter knitting ma- ;
. 5. Mazac, M., Herajn, P., Svoboda, M., (2015).
chines, AUTEX Research Journal, Vol. 12, The Equipment for Temperature Measure-

ment Near a Gear Tooth Flank. In The Latest

240



58t ICMD 2017
2

6 - 8 September 2017, Prague, Czech Republic

Methods of Construction Design. Germany: ternational Conference of Machine Design
Springer Science+Busines Media, 2015. Departments (ICMD 2016). Zelezna Ruda:
DOI 10:1007/978-3-319-22762-7-69, ISBN University of West Bohemia, 7.-9.9.2016.
978-3-319-22761-0, p.457-463. ISBN 978-80-261-0609-8.

6. Mazac, M., Maly, M. (2016). The MQ100
Gearbox Final Drive Pinion Gearing Tempe-
ratures. In Proceedings piispévki - 57th In-

Corresponding author:

Ing. Martin Maza¢, Ph.D., Department of Machinery Construction, Institute for Nanomaterials, Adva-
nced Technologies & Innovation, Technical University of Liberec, Studentska 1402/2, Liberec 1, Li-
berec, 461 17, Czech Republic, phone: +420 739 096 076, e-mail: martin.mazac@tul.cz

241





