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A Study on Poly Butylene Terephthalate Gears Filled with Glass Fibers

Naohisa TSUKAMOTO, Koichi KOBAYASHI* and Takao KONDO

** Chiba Institute of Technology, Dept. Mechanical Engineering,
2-17-1 Tsudanuma, Narashiro-shi, Chiba, 275-0016 Japan

We tested poly butylene telephthalate (PBT) as a gear material in our previous study and found
that it had larger fatigue strength and lower coefficient of friction than those of polyacetal used as
a gear material currently. In the present study, since plastic gears that can transmit high power have
been strongly demanded by the industrial world, we reinforced PBT by compounding grass fibers for
higher power transmission than normal PBT and conducted operation tests on gears made of
reinforced PBT. Wear behavior was particularly investigated under a relatively larger torque since
plastic gears filled with grass fibers were expected to be worn significantly due to a fall of grass fibers
from the mother material. Availability of PBT filled with grass fibers for a gear material was
discussed by comparing basic operational characteristics with those of normal PBT gears.
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Table 1 Main characteristics of plastics used in exper-

iments

Items Unit PBT GF15—PBT | GF25—POM
Melting point °C 224 224 165
Specific 1.31 1.41 1.59
gravity
Rockwell HRR 119 123
hardness HRM 95
Cocfficient 0.13 0.16 0.41
of friction
Coefficient
of linear /K | 7.4x1075 | 5.5x107° (2~3)x1073
expansion
Tensile MPa 53.9 98.1 137
strength
Bending MPa 79.4 152.0 206
strength
Elongation % >200 4.5 E
Young’s GPa 235 4.90 9.12
modulus
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Fig.1 Temperature dependence on bending strength of
PBT and GF 15-PBT
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2.2 REAMHESIUEFEE HRTEXR2C
FTIRENFEO2HEEOEE R H iz, BEH
PBT ¥ 8 & O GF 15-PBT ¥ T, #EH»58(S 45
OTha., I BEBLIVIUFEHEDL D K KEEDT
FAFy JEHEEFHERET 2008RETH LD T,
ZZTRWHEEE b HHKE L ER 110 mm DM,
BEEAfEEL R S 7YDIMILLE:. 20L&y
25y v EDTELHICPBTHES L U GF 15-
PBT 8 T2 0.08 € ¥ 2 — /)b, $AHE TI1X 0.05
Va-LEFRENAYY FHELEBEL OBV SET
VW3, JRWHIIEEEEA T AHIRE T, ZORKE
1% JIS B1702(1976 SEFR) D 4/ TH 3, £ 72, T D
HETIHE X 1 JIS B 0601 O+ &SI & (R2) T, #HEE
| 6~7 um T, PBT 6 # 1 5 um 38, GF 15-PBT
BEEIZ 6 pm B TH 5.

2.3 HEARE HBRCHALLHEERBRBET
TWHEHRE L7-@ LR 135 mm OB TERAEE
BB TH 5,

2:4 BEBEBEH LUVREFE EE T PBT
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EEt e ¥ THIEL .

2.5 EEBREH  FEEREIRIWRT b cEEK
BT AHHOM TIT-7%2. BRFD o 13, £
DrAZICBT S PBT HE S & UFGF 15-PBT #h#
DOETHITEHOHE[TH 2D, 1, IEHEE%:
20500, 1000, 1400 rpm T:EE T 2 L L
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0.30, 0.60, 0.84m/s, I 7 t§ & T 1X 0.45, 0.90,
1.27m/s L2 %, BRBEERIIER2~24COH LT

Table 2 Main specifications of gears used in experi-

ments
Type I gear Type Il gear
Driving Driven Driving Driven

gear gear gear gear
Module 3 5
Standard pressure 20° 20°
angle
Number of teeth 30 60 17 37
/}ddcndun_\ modlﬁca- 0 0 0 0
tion coefficient
Dxame-lcr of refer- 90 180 85 185
ence circle
Clearance 0.25 0.25
coefficience
Face width 10 10
Center distance 135 135
Teeth finishing Hobbing Hobbing

N.B.) A unit of length is mm
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Table 3 Experimental conditions and symbols

3,
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o fER/NE W, CHEBMOTSI7AF v 20K
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TRHES L UHIEEEE ELAFRIIKRES LS
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ZDGF15-PBT 8iH D 0v/00 8 0.25 13 & T R Hi
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BETHD., 48, EEETN=10 £ CEETE

Table 4 Damage state of tooth

Number of
Torque~j~rotations 500 1000 1400
N-m rpm
(o, MPa) Materials
Type I gear
14.7 | PBT P-1-A-5 P-1-A-10 P-1-A-14
(27.6) | GF15-PBT | 15P-I-A-5 15P-1-A-10 | 15P-I-A-14
19.6 [PBT P-1-B-§ P-1-B-10 P-1-B-14
(36.8) | GF15-PBT | 15P-1-B-5 15P-1-B-10 | 15P-1-B-14
24.5 | PBT
(46.0) | GF15-PBT | 15P-1-C-5 | 15P-1-C-10 | 15P-1-C-14
Type Il gear
14.7 | PBT P-1I-A-5 P-11-A-10 P-11-A-14
(20.6) | GF15-PBT | 15P-11-A-5 | 15P-I1-A-10 | 15P-1I-A-14
19.6 | PBT P-11-B-5 P-11-B-10 P-11-B-14
(27.4) | GF15-PBT | 15P-11-B-5 | 15P-11-B-10 | 15P-1I-B-14
24.5 | PBT
(34.3) [ GF15-PBT | 15P-11-C~5 | 15P-1I-C-10 | 15P-1i-C-14

b : Face width

Pitch
circle

Measuring position

of tooth surface

temperature

Fig.2 Position for measuring tooth surface tempera-
ture

Experimental Integrated number of | Damage state
symbols rotations of teeth

P—I—A-5 107 None
P—I1—A—-10 9.48 X 10° Breakage
P—I—A—14 9.51X10° Breakage
P—I—-B—5 3.79 X 10° Breakage
P—1-B—10 3.81X10° Breakage
P—1-B—14 3.58%10° Breakage
P—Il-A—-5 107 None
P—-I1I—-A—10 107 None
P—ll—A—14 107 None
P—I1—-B—-5 107 None
P—11-B—10 8.21x10° Breakage
P-1I-B—14 5.39 X10° Breakage
ISP—=1—A-5 107 None
I5SP—1—A—10 107 None
ISP—I-A-14 10’ None
1SP—1—B—5 8.09 X 10° Breakage
1SP—1—-B-10 7.01 X 10° Breakage
1SP—1—-B-—14 6.37 X 10° Breakage
ISP—1—-C-=5 5.64 X 10° Breakage
ISP—=1—-C—10 3.91 X 10° Breakage
I5SP—1—C—14 3.11 X 10° Breakage
ISP—1I—A=S5S 107 None
1SP—11—A—10 107 None
15P—1I—A—14 107 None
1SP—1I—B—5 107 None
ISP—11—B—10 107 None
ISP—1I—-B—14 107 None
15SP=11—C—5 107 None
15SP—11—C—10 6.53 X 10° Breakage
ISP—11—-C—14 7.21X10" Breakage
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FE X I1EIZ1.5X10°  mm T, % F X I1FIZ9IX10"°* mm
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P-1I-B-5 TR A Z iZiE120.7X108mm T, %HF X
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Fig.3 Relation between 0v/0o value and life (bending
fatigue strength) of PBT and GF 15-PBT gears

Amount of specific wear
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Fig.4 Amount of specific wear of PBT gears
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Fig.5 Amount of specific wear of GF 15-PBT gears
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(a) PBT gear (b) GF 15-PBT gear

Fig. 6 Tooth profile change of PBT and GF 15-PBT
gears
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Fig.7 Rising temperature of tooth profile
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Fig.8 Tooth surface roughness of PBT and GF 15-
PBT gears
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{L(E 1 faDZAL) L 72 05, GF 15-PBT #§ # i3 PBT
WHEL D LHEESES L OO, EHAOEERD
oz,

(4) GF15-PBT thB X PBT sRE X DD Lk
RBESETE» > (AEOREZRZHIZE, PV=
189 MPa-m/s T 2.8°Ci2 &, PV=333 MPa-m/s T
3.6°CF2E).

(5) EBEBCTHETE 2 PBT BHED N=10" ¥
DO S (R2) 1 3 pm 3 T, GF 15-PBT B T3
NN Tpym P TH o7z, 7 PBTHREL DN A D
WTIRMEEOREME S & Nr=10"Bf TiZiZ 4 pm T
Holehl, GFI5-PBTEHE L DnHDHWTH, Zh
B2pm B TH oIz,

HEOMABRSELRY, $LEBMOSI7RXF v 7R
TABHOEELZ VDT, EEBBEORBERTAE
ZRABICRD B I ERRBETETLRLY, 2ITR
FED & > WEEER O PBT sRBIC A 7 A% 15%
FCAT R e &> THEWEERCLTRER
NI BGETEDLTIAFy JHESHEFE TS,
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