%47 %% 11 FTRRFFHR Vol. 47 No. 11
2024 % 11 A Journal of Chongqing University Nov. 2024

doi: 10.11835/j.issn.1000-582X.2023.223
B T PEEK 0§ 58 1995 55 2 20l ¢t 7 % K &

WHE, T H NIRRT, pEL X F
(ERXF MM EERIAEZFR, K 400044)

8 & : 78 Bt Bk & (polyetheretherketone, PEEK) 53 2 Sy b R &M H#, 7 2 8 A TAE LA
A AF AR, R PEEK H8# A X B X o MBI R  FRAEDAED SRR E2 52
893X R YE . 4F 5T PEEK 46 Kk A ALFL R Fe Nl S4B B X 09 91 A, JF & 7wt ' i@ 78 F PEEK 4%
B p AR, AT PEEK S 2T hEh, tB8d AR EERERTT A AL, &K
Ik B FPEEK 42 A B X L2 h & @ Sk HRE 202 ;314 7 %% @ % F PEEK F#
HEmERG ERE T LG AN, LI T PEEK F4EMAE T AKX THREFELZI MGG
KRBT LFZ,FRE T PEEKFRRAABIXN 7k, YPEEKFRERE AL T HE A Z LK
T 1.0285 ,PEEK 54 £ X A HRA M A ;8 mu A5 T Hp 2 L3 T 1.106 ,PEEK 4 £
BRAEREEREIRHRE AT HE A E 102~ 10X A, AE S BERETEHRT
R DR PR s & A

KR B BB A (PEEK)E 8 KRB A s 5 8B 2 A B X

FESZES :THI32.417 MERFRE A X EHS:1000-582X(2024)11-027-10

Critical transition relations for fatigue failure of PEEK gear
under oil-jet lubrication
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Abstract: Polyetheretherketone (PEEK) gears are high-performance polymer gears widely used in automobiles,
drones, robots, and other fields. However, the complex failure mechanism of PEEK gears and the lack of basic
data on loading capacity lead to a shortage of a reasonable design basis in power transmission applications. To
address the unclear failure mechanism and the lack of fundamental durability data of PEEK gears, fatigue
performance tests of PEEK helical gear pairs under oil-jet lubrication were carried out, and the contact stress and
bending stress were calculated. The failure mechanism were investigated by using scanning electron microscopy
and other equipment. Experimental results show that the primary failure modes of PEEK gears under oil-jet
lubrication were tooth surface pitting failure and tooth root fatigue fracture. The critical transition relationship
between PEEK gear contact fatigue failure and bending fatigue failure was identified, and an evaluation method

for the failure form of PEEK gears was proposed. When the ratio of contact stress to bending stress of the PEEK
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gear was smaller than 1.02, the PEEK gear mainly suffered from root fatigue fracture; when the ratio of contact
stress to bending stress was larger than 1.10, the PEEK gear mainly suffered from tooth surface pitting failure.
When the ratio was in the range from 1.02 to 1.10, there was a critical failure threshold between tooth surface
contact fatigue and root bending fatigue.
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Table 1 The material properties of the test gear
MBI EE (40 °C)E/MPa W p/(grem™)  HURLIRE (23 °C)R,/MPa  BLEESHEALIREE T7/°C
3600 1.3 95 143

% 2 78 A PEEK-PEEK 5 # Bl LA 250, R 3R TR A A sh L AL ) TG sh v F 3 5o 306 05 8 i
26 B A B4, R R AL, FEhE 40 e , N sh i A e

%2 PEEK-PEEKE#EIETE/LASH
Table 2 Main geometric parameters of the PEEK-PEEK gear pair

BEH m /mm L4 EHfMas/®)  HOEa/mm % & b/mm li3zil=a
1.898 28 13.796 54 15 1
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Fig. 1 Multipurpose transmission performance test rig
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Table 3 The basic parameters of test lubricating oil

B FEE (100 °C)/(mm*-s™) R (40 °C)/(mm*-s™) 2 1B u/(mPa-s) B p/(g-em™)
14.7 89.5 5471 0.841
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Fig. 2 The fatigue test process of PEEK gear
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m, R A, mm
T4 REEREEEMENBEXRY

Table 4 Values of correlation coefficients of contact stress on the tooth surface of test gear
B ARK, XEFR%zZ, SMERmAKz, ®EARERKNzZ,  REMAEZ
1.1 2.898 26.12 0.855 0.998

HRAE 145 56 01 8 280 U S0 VDI 2736 157 1 25 M 0 3H 55 Y AR OC R B R 5 s .
®5 WEERERTHEABXEY

Table 5 Test gear root bending stress correlation coefficient values
WM REK, WEREY, MNOBERKYy, EHERKY, BIRMRLKY,
1.1 3.16 1.41 0.554 0.964
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Fig.3 Gear operating and thermal images
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Fig. 4 Temperatures of lubricating oil and gear wheel
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Fig.5 PEEK gear fatigue failure
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Fig. 6 PEEK gear pitting surface micromorphology
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Fig. 7 Macro and micro features of PEEK gear root fracture
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Fig. 8 Contact stress and root bending stress of PEEK gear under different load levels
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Fig. 9 Failure transition point £ of PEEK gears
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Fig. 10 PEEK gear failure forms and fatigue life at different output torques
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Fig. 11 Contact and bending fatigue S-/N curves of peek gears under oil-jet lubrication
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