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Abstract: The present study conducted gear scuffing tests and employed a wireless temperature mea-
suring system to acquire bulk temperature data for aviation gears. Subsequently, a novel methodology,
based upon the CatBoost algorithm, was developed with the intention of predicting the bulk temperature of
aviation gears. Moreover, the contributions of parameters such as lubricant additives, thermal conductiv-
ity, torque, hardness, roughness, lubricant density, and lubricant viscosity to gear bulk temperature were
identified. A predictive formula for aviation gear bulk temperature, considering materials and lubricant pa-
rameters, was proposed as a solution to the identified issues. Notably. the results demonstrate that the for-
mulated formula achieves a prediction error within 10% for the bulk temperature of aviation gears. And the
formula offers a promising method for designing aviation gears against scuffing failures.
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Tab.l1 Mechanical properties of test gear steel

R y 4t 1

ey ax | e iy
o,/MPa | 6,,/MPa| 7" &/ %
12Cr2NidA 1%23; =940 | =15 =59
18Cr2NidW A =1180 | =835 | =10 =45
16Cr3NiWMoVNBE | =1400 | =1020 | =14 =62
15Cr14Col2Mo5Ni2 | 1900 | =1450 | =17 =60

VU R AR B B RE S AL R 2, Horp
12Cr2Ni4A ., 18Cr2NidWA , 15Cr14Col2Mo5Ni2
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Tab.2 Thermophysical performance parameters of test gear steel at 90 C

R 12Cr2NidA 18Cr2NidWA 16Cr3NiWMoVNbE 15Cr14Co12Mo5Ni2
B/ (kgem™) 7700 7910 7850 7980
MR/ GPa 206 202 210 211
EL/NEA 0.30 0.27 0.29 0.31
PRIk ZH0/10°K 10.0 12.4 11.5 11.3
MFR/(Wem =KD 25.0 47.0 38.0 16.5
R/ (Jekg ' K™ 0.460 0.460 0.450 0.453
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Fig.1 Schematic diagram of standard FZG gear test rig
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Tab.4 Geometric parameters of FZG-A scuffing

RS 9 10 Nem, I B b W5 % & 0.1~ test gear
2.0 L/min., W ¥ 31 1 20~100 °C, 3 JHBLRC hy 2~ P fir/Ais A
8 mm ., 1 5 5~30 mm., #.0 B  91.5 mm i 14 46 AR o/ —
e 2 TR ARBE 1 ik DR =
o . N, 73.2
£3 HAEFZGERRARRNSY TAFBIALEE /mm S 1008
Tab.3 Parameters of standard FZG gear scuffing N 88.5
test rig TR Lt/ mm Kk d, 112.3
HASH B A /3 BEE m 4.5
AL AL/ (remin™) 1455/2910 s INE =, 16
FAEHIE PSR /(Nem) 0~534.5 K 2, 24
UG /mm 91.5 S INEE 2y 0.8532
i 98/mm 0~30 Kt x, —0.5
P& /mm 2~8 FEIffa/C*) 20
T ¥ 3l £ IR B /°C 50~100 WA, /() 22.5
W A /(L emin™) 0.1~2.0 WL HEE v, /(mes™) 8.3
. B INEE &y 0.86
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Tab.5 Parameters of different lubricants

. i _ it 5 555 4450 4010 4106
e 2 5 23 5 R AR5 O 555,450, 4010, o
A106 f9 110 Fofr it 78 fiig 2 378 3 T o A 26 TE Y 9 X O B /(mmes?) | 2620 61.00 13:34 ) 2579
FEACRTRL B AR & /R BORE D B . T R 2 00 CEss | o, 955 531 —
w R NN JE/(mmes™) ’ ’ ' '
B 5, Hoh 4106,4010, 555 B TS 4 B0 L & P R T B ”
TR, . . B e | EEEGA | oMk | KR 5 i
JH IR S O — 20~220 °C L 4450 1 % o 5 12 P W | e | amwm | A
(PAO) & B & Yl 28 il oy — 40~120 °C; Y SR /C | —20~220 | —40~120 | —20~220 | —20~220
ol 3 ¥ 90 7 100 C R Y42 h B B 4 5 R 5.22. BOEHUEE | BRI | o e [ or e
A AR | A | R | o DU PR L
5.20,3.31,9.55 mm/s", 4450 ¥ I 7 i T3 38 % A pon | mew | VUS| S

J 700 555 1 TR 1 AR T R

1.2 R AR E WK
T 5 0 g i A v T e a2 T AR
1660 -

PRI RE EAT I, 2 0 B T K ) A e T 2 sk
A B . KR G R AL AR L PCB i L5t



HET CatBoost HYIL 23 T FE AR I Bt

PURZ I S N S

PRANFETF Labview Zi 5 A9 - 40 % . 3 4k
FCE A IR PCB A R A At o DB 1k i R T
oo AR R PT100 1R BE A% J8 4 0 =2 48 05 o
AT ) 9 B A 5, L 4t i B2 38 i PT 100 I8 4%
TR oK B A R R 1 AR AR R A AR AL e e
JERES I H BH & 2R AR Ak 15T P AR L BEAE S A
BHEAR 5 Ji5 AR e 4o FL 6 B 00 AR 15 LR BB 5
LR A M5 5 28 AD B BURG 40 28 5 B o B A
S B WL R BB E S R T AT s R A
JEAR 28 b % 4 7 k3R A5 AR 5 H B BHL (B, 38 2o
PT 100 ik 5 1 e BH 2 18] (4 65 1z 5 28 BV AT 545 3K
Tk B H . T B E A R WL Jf L

2 PC ¥t A7 W o ek B A BHL A 22 1) 7 — 2 3 [
DAL A v o (L IR R v ) S L )OS A
RAPEL R, L, T ER A BEsR B Ok #OR IR
JEE R BB =2 8] 9 56 28 AT /N8 22 L 43 B R Bl i
T,=2.4R, — 99.88 —60°C<T,<—30°C
T, =2.6Rp— 99.15 —30°C< T,<20°C
T, = 3.4R, — 115.68 20 °C < T, << 60 °C
T,=4.1Rn — 112.83 60 °C << T, << 100 °C
T, = 4.9Rp, — 139.09 100 °C << T, << 140 °C
Ty = 4.5Ry, — 150.27 140 °C << T, << 200 °C
K To~T 590K 6 A1 B P 3 3 A AR B °C 5
Ry R A HrB BE 76 5200 B R 09 rLBALE Q.

(D

AR L LA 5
[111]

.
DA

"L ADXL357

- +Vee

EEBK v
/)/ H e
@ T

HLH

TR TR fr 5 i 5 AL B 55 Tk AL R

e M SO~ ’@ W

ni
STM32 4 £ il 4

| AR

HFHIEES FWPRAAE S

Wit dEfE Mg PO EARL
BORHEA TSR T ¢

TCP/UDP%%‘TM %ﬂ‘LABVlewéﬁ‘iﬁJ
B R 35 S 1

B2 BREEXZNKRZEREEREE

Fig.2 Schematic diagram of a wireless temperature measuring system
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Fig.3 Schematic diagram of gear bulk temperature test
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Tab.6 Bulk temperature test data of aviation gears

MRS B Ra/ | 310 A & ST /(N o) 90 Cih Eﬁ}fi/ 90 “Cil %‘TJ;EE/ i ?‘H’ﬁﬂ‘@ﬁbu ﬁt}ﬁﬁﬂK? ’D‘LE‘F?/ IR KA
um HV/MPa (mme+s™) (kgem™) e /K (Wem™ K™ BE/C
0.68 645 3.3 10.09 895 0.5 1.00 25.0 95.5
0.68 645 13.7 10.09 895 0.5 1.00 25.0 99.5
0.68 645 35.3 10.09 895 0.5 1.00 25.0 101.5
0.68 645 60.8 10.09 895 0.5 1.00 25.0 105.5
0.68 645 94.1 10.09 895 0.5 1.00 25.0 108.0
0.68 645 135.5 10.09 895 0.5 1.00 25.0 112.5
0.50 738 183.4 6.35 946 0.0 1.15 38.0 134.0
0.42 678 183.4 10.09 895 0.5 1.24 47.0 124.5
0.42 678 239.3 10.09 895 0.5 1.24 47.0 136.0
0.42 678 302.0 10.09 895 0.5 1.24 47.0 141.0
0.46 820 35.3 3.91 910 0.0 1.13 16.5 102.0
0.46 820 94.1 3.91 910 0.0 1.13 16.5 108.0
0.46 820 302 3.914 910 0.0 1.13 16.5 148.0
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bulk temperature
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Fig.8 Results of gear bulk temperature prediction

model
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Fig.9 A comparative analysis of prediction errors across various machine learning algorithms
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Fig.10 Comparison between the calculation results of
the gear bulk temperature formula and the GB/Z 6413.1-
2003 standard
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Fig.11 Comparison of calculated and tested values of

gear bulk temperature
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