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Fatigue Life Evaluation of the Plastic Gear

Tae Hyong Chong*, Sung Kyu Kang+, Young Wook Ha™

{ Abstract IL

Through the fatigue test of plastic gears using polyacetal polymer, this research aims at providing basic
data for not only specifying operation conditions of plastic gears, but also designing dimensions of plastic gears
with giving fatigue life and the estimated equation of fatigue life of plastic gears. That is, from the fatigue life
curves, the estimated equation of fatigue life of plastic gears is taken out. For the estimated equation of fatigue
life of plastic gears, this research provides two test methods; one is preserving non-limited temperature of tooth
flank, the other is preserving limited temperature of tooth flank. As results, how the temperature of tooth flank
affects the fatigue life is shown. In addition, based on the endurance limit, the essential factors of the unit load
and K-factor are determined, which are needed in the design of gear by bending strength and surface durability.
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M= 2 2 WFel wHEG. oA AAH 54 Ay

2% 9
B3R $E Zetag )ojlel) B3 19919 YR S5 W perstge] ma 24 AsHe 2AHl A
A202 AN AHO|E AL A HHA Z2AE 7]o] 2

o] AL ¥ 60~729 N2 2AHGe, I A7 &
Z2jobA|EHpolyacetal)o] Fo] AMEE| Yk P Zapa
g 7lojs 7T, W4 2 A% &4 58, Ak F
o BHoz s ARE 7NARE, HAAE, AFAES
717] SolA AMgFo] F7ksta Yok 22U BEFHI &
Aol AGHE} FHAEE Fe) oF 1/8~1/100]0], g
AASE 79 o 1770~ /10024 FEARLo2L 3
AstA] 23 Aotk T3 LAA| Ha} 8140 Z7}9} 3]
W 2Eo 4502 7lojo) 4 M} Y ol(#)Y) Fe 5
of 23t mheo] Yojuid, 7]0je) HUT AHE sto

* FA A, skt 7] Al F8 7 (thchong@hanyang.ac kr)

Fa 133-791 A A5 FGE 17
+++ BT ek AAEA SR

APE AAY SaaE Tolo] gl 23 S
O = 02 BALE AHLYF A2 3o 337
£ 104101 27H09] B2 8 S AW L5 229 ntet 2
A 5 AAE Basted Lot ol el FAEHS
o 2719 A% A G2 AW v o T 9, T19)
T RS WIS B4%T, AW LE0 W243e 1Y
stk B8 9249 THOENE £9d24E A
sol AW 257 24w TNE G BAGO
o, QST K-factor 3 $& ANFO2A 47
A BT AB4Ne DS 8 24 ART 4 9

71% HlolEE AAlskalrh

- 239 -



2. SRS J(00] =8 HA A HIF

2.1 Z2E AIY 7i0e] 28 4A

2 d7ofA AlF 7jo]9] AL Fig. 210 vtehdict

EeolE A9 #5822 2%E F43i9on, ZE B
% w4l oste] g8 3of Aulel HAE st

289 F2E 30T 3% 22 KISHIN E=H0|AE o
g 271ulE] S8 Aletge) SataE 7]ol9 331y 254
AP A7, 7)0) FjuEl A, 71o) 2HHA, 2 47
o REZ AASIt 339 72+ 33 U AoJEY4 3
oj sk Z3(three plate mold base)S A3}

Fig. 22= BAR 7]o] 389 4§ B F1 9ith

HEE(m)o] 082 Eejotdg EetAg 7]ojo H & 7]
ol 3% ARt 7109 AU £58L 2% LS
7HulE] 7]o}e] A9 Table 2.13+ 2o, Fig. 232 Zeta
g 71019 3% AL vehd Aotk

2.2 ZC0NE S2IAE MY 7I019] HIE

SHLE 7)ol AP L £9Y A YIS ANESE
Rk Z2otAE £2= 22 YWY 8-S AAS) A3t
of AE A 120CoAAM 4AZE S AR F A2k o
200T, A=Y 105MPa, 38 =& 60TE AR}
HYUNDAI MIRACON-I AFE7] 100Tono A AR BE3H4
o A" 710 S9E A7) 2 HEEel R 3 A
g 710 AES olEY RS 7IE2R A 27 S At
o, i3] ARE 71019 %2 ABH AEY fAE Hsto
300719 A1 7915 4@

Fig. 24 S22H 7]0j9 F4& Uehfisich

g rA\t\\ ?
% ;

-

P.CD #44.8
939.6
012
#BH7

1
{|

Fig. 2.1 Configuration of  Fig. 2.2 Des’sned test gear
test gear mol

Fig. 2.4 Photographs of

Fig. 2.3 Photograph of
the plastic test gear

the plastic test gear mold

Table 2.1 Specifications of plastic test gear and cavity

Spur _gear specification Unit Gear | Cavity gear
Module [mm] 0.8 0.816
Number of teeth - 56 56
Face width [mm] 5 51
Pressure angle [deg.] 20 20
Addendum modification coefficient - 0 0
Fillet radius [mm] 0.3 0.3
Comner radius of tooth tip [mm] 0.3 0.3
Pitch circle diameter [mm] 438 45.713

3. EEIAE J(012] mlZAR R HY

3.1 E211E] 71012] mIZAIY % CIOlE S

ETt2E 7]oj9 HEAYR 2eE HH2, FEESY F
A 7]o] AE71E g3 Fig 312 5854 7)o 4|
719 F4E Uil Rolx, 249 45 Table 3.1 vet
Y glch Fig. 3.2 710} Al7]9) ARRlE B9l Aok

HZAYE ZAE 709 mRegd MY & 9%
oA Q1A AW 2= 870 uel £ 7Y Al 43
o2 ERstgrh Ad f8o 42 AJFZAL Table 329
2ot HAREEE 3IFHE 8, ISR 0, =0
Arefje] 515 o2 HA-3-2(zero-to-tension stress)AHEH( Y H}3
37)ol, RIIEIE 0.9NmEE 33Nm7HA} dA Aoz
ZAIAZI A ZAY sk AlE dlojElE doJEHSAX
(DAQ)® 5t HAIZE HESIAch AW 2E2& v|ASH
= AME olgdlglon, 24 Wt 01T, £3 ¥
0~200C, SAHE{emissivity) S 0.852 A-gagch.

(M) A 481 Aoie] ke Mg 25 3A

ZalolMge) A8 0TS 71202, AW L& B4
of 98 w2sgo] I WalA Heh webd JH L2
A5 AgslA) g IR FotE FoM9 H2ZAY.

Q) A% 282 AsE N9 2% 34

ES|otHE Y 7144 A di3t 2x 9&49 A A
2°CE 71222 60°ColA ARFE 59 714 4| %
65% oA Zashe Aoz dFA ot gy AW e
max. 6032 FAF Aol H2ZAPL st A5z
A2 A 2= RN A F2AYT vjw nEslgich

Hn
o
Sl

e o

ir e

Fig. 3.1 Components of the gear test rig
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Flg 32 Photognph of the gear test rig

Table 3.1 Specification of experimental equipment

Comp Specification
AC motor 0.75kW / 1710rpm / 60Hz
Inverter 0~120Hz

Torque meter Max. torque 9.8Nm , Max.
Brake & Controller Max._torque 25Nm

| speed 7500rpm

Table 3.2 Conditions of fatigne test specifications
Specification Condition
Pitch line velocity |2.11nvs(900rpm), 2.81mis(1200rpm), 3.52m/s (1500rpm)

Noa-limited 09Nm , 1.2Nm , 1.5Nm , 1.8Nm , 2Nm
Torque temp. 2.3Nm , 2.5Nm , 2.8Nm , 3Nm , 3.3Nm

Limited temp. [0.9Nm , 1.2Nm , 1.5Nm, 2Nm, 2.5Nm , 3Nm , 3.3Nm

Backlash 0.1mm
Total number of cycles N=10"
Melting temperature 30C
Limited temp max. 60C
Ambient temperature 23T+2T
Humidity 50%£5%
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Table 3.3 Measurement results of the test gear accuracy

M items Meas data(Unit: ym)
Tooth flank roughness (R,, R, R_..) 0.27 , 1.40 , 1.94
Total radial composite deviation (F,”) 82
Tooth-to-tooth radial composite deviation (£”) 14
Profile slope deviation (fy,) 34,
Total profile deviation (F,) 48
Helix slope deviation (fps) 129
Total helix deviation (F5) 19.3
Single pitch deviation (f,) 18.8
Cumulative pitch deviation (F) 20.6
Total cumulative pitch deviation (F,) 55.4
Accuracy (grade): KS B 1405-1~2(ISO 1328-1~2) 3~4
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Table 3.4 Rolling test results for normal load ,/b=14.25N/mm
(T, =1.5Nm) under non-limited temperature on the tooth flank
Unit :
Number V=211m/s V=2.81m's V=3.52m/s
of cycles| Drive gear | Driven gear| Drive gear |Driven gear | Drive gear | Driven
N(m] Rn f'_y, Fl‘_n f;” E” f'vl F:-" f;n FI," f," F‘i" f;n
83 (1281838 13 811118 ]834(132]822{122{801]115
sxi0° | 92.5 | 402 ] 100 [382 [138:1] 728 | 108 | sa.4 [152.4] 763 {1006] 577
1x10° [1025] 474 10s (w34 |1587] 73 | 13 [ es.8 |1505] 97 {1277 715
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[ Nommal load P/6=1425N/mm(T, =1.5Nm)]
Fig. 3.3 Comparison of the total radial composite deviation
under non-limited temperature on the tooth flank

[ V=2.11m/s } [ V=281m/s ] [ V=3.52m/s ]
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Fig. 3.4 Profile deviation for normal load 14.25N/mm
(T:=1.5Nm) under nor-limited temperature on the tooth flank
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Fig. 3.5 Comparison of the total profile deviation
under non-limited temperature on the tooth flank
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Table 3.5 Rolling test results for normal load £,/6=14.25N/mm
(7=1.5Nm) under limited temperature on the tooth flank
Unit :

Number V=2.11m's V=281m's V=3.52m/s
of cycles| Drive gear | Driven gear | Drive gear | Driven gear | Drive gear | Driven gear
MR ER SR
0 83 ] 128| 838] 13| 839] 13| soa| 114] s 1| 844] 134
sx10° | 92.5[ 402] 100 382[ 978] 418] 1003 aa1] 124] 495 105 399
1x10° | 1025 47.4] 105] 434] 1062 457) 1051 49 [ 1331 s88( 1199 457
i10° | 1256 586 1143 5011 1383 685 1173 502] 143.5 78.7[ 1257 467
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[ Normal load P,/b=14.25N/mm( T,~1.5Nm)]
Fig. 3.6 Comparison of the total radial composite deviation
under limited temperature on the tooth flank
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Fig. 3.7 Profile deviation for normal load 14.25N/mm
(T:=1.5Nm) under limited temperature on the tooth flank
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Fig. 3.8 Comparison of the total profile deviation under limited
temperature on the tooth flank
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Table 4.1 Results of the fatigue test under non-limited
temperature on the tooth flank

Applied load

Number of cycles, N [rev.]

] | | s | i [ st
33 31.36 36.83 132 [225¢00°] 200x10° | 1.75x10°
3 28.50 33.48 120 13.04x30° | 256x10° | 225x10°
28 26.60 31.25 112 {3.60x10° [ 3.0010° | 2.75x10°
25 075 2790 100 ]465x10° | 3.90x10° | 3.50x10°
23 21.85 25.67 092 |6.15x10° [ 5.0010° | 4.25x10°
2 19.00 nR2 080 | 1.54x10° | 474x10° | 2.35x10°
18 17.10 2009 072 {9.22x10° | 4.0m10° | 1.86x16°
15 14.25 16.74 060 | 7.95x10° | 454x10° | 3.00x10°
12 11.40 1339 048 | 10 | 1w0'? 10
09 8.55 10.04 036 | 10| w0 10’

Note) * Test gear did not fail but wear occumred in tooth profile

at number of cycles N=10
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Fig. 4.6 Relation between unit
load and gear fatigue life under
non-limited temperature on the
tooth flank
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Fig. 4.7 Relation between
K-factor and gear fatigue life
under non-limited temperature
on the tooth flank

Table 4.2 Estimated fatigue life equations of unit load
under non-limited temperature on the tooth flank

Pitch l?::/ s‘;elocny Cy(ccly&zl é(;ne Equation
2 N<1x10“ Uy=W,/b- m =—2624log (N)+ 12467
N>I1x10 U= W/t - m=—2 84log(N)+36 69
281 N<lx10: U= W/t - m=-28390g(N) +130.22
N>1x10 U= W/t - m=—2 82log(N) +35 64
19 N<lx10“ U= W/E« m=—29.00log(N) +130.80
N>1x10 U= W/t - m=—2 65log(N)+33 97

Table 4.3 Estimated fatigue life equations of K-factor
under non-limited temperature on the tooth flank

Pitch ]?:nc/ sv)/elocny Cy(ilyegl é(;m quation
N<ixlg' | K= _dv-v_,b_ "’; L o 0.94log(N)+ 445
211
NzIxo' | K= 775 “: L —_0.1010g (N) +1.31
N<Ixlof | K= ;—V'b% —— 1.01log (V) +4.65
281 - T
Natul(' | K= 55— =—0.100g (N)+1.27
Neilo' | K= dw—‘b% =— 1.0dlog (N )+4 67
35 - — W, a1
N2xio' | K= g=F = =~ 0.00lg (N)+1.21
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Table 4.4 Results of the fatigue test under limited temperature
on the tooth flank

Applied load

Number of cycles, N [rev.]

|| | | sotom | o | st
33 31.36 36.83 132 {990x10* | 4.80x10° | 2.25x10°
3 2850 3348 120 | 193x10° | 1.00x10° | 4.40x10°
25 375 2790 100 |482x10° | 29310° | 1.53x10°
2 19.00 232 | 080 |1.40x20° | 8.90x105° | 5.70x10°
15 1425 1674 | 060 [7.95x10°| 5.80x10° | 3.78x10°
12 11.40 1339 | o048 | 107 | 107 | 10"
09 855 1004 | 036 | w0 | w0 |

Note) * Test gear did not fail but_ wear occurred in tooth profile
at number of cycles N=10
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Table 4.5 Estimated fatigue life equations of unit load
under limited temperature on the tooth flank

Pitch line velocity | Cycles zone

B: Grvukagr omder Baiind tmperyinrs s e seodk ek
€ Crark nader Benkind iampernters a the 1ot Bemk

(ms) (cycles) Equation

211 N>IXI' | U= W,/b- m=—101log(N)+ 8626
281 N>IxI0' | U= W,/b- m=-9.17log(N)+ 7818
352 Natl0' | U= W,/b. m=—823log(N)+7141

Table 4.6 Estimated fatigue life equations of K-factor
under limited temperature on the tooth flank
Pitch line velocity | Cycles zone

(nvs) (cycles) Equation
211 N2ixltt | K= gL ——0 36log (N) +3.08
w
281 Nahxlt! | K= =2l —— 033005 (V) +2.81
152 Nolxlo' | K= —oe 2L goglog (N)+2 55
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