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Fig.1.1  Result of endurance experiment for helical gear



Table 1.2

Physical property of polyacetal

AERY = Ry =
H H BRIk AL
POM-NH!3? | M90-443%
bR 23°C ASTM D-792 — 1.42 1.41
5| 5 58 23°C ASTM D-638 MPa 66 60
il N 23°C ASTM D-638 % 45 60
5| 9E gk R 23°C ASTM D-638 MPa 2910 2820
i 0 5 23°C ASTM D-790 MPa 94 89
fif 7= b 1.82MPa 120 110
ASTM D-648 C
BE 0.45MPa 167 158
R IRAR L ASTM D-696 | X 107°/°C 8.5 9
B ASTM
il C 175 165
D-2117
24 FFERTE % 0.22 0.22
S TUES ASTM D-570
A 12 % 0.7 0.8
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B2 T T, WEEEICES < FamfEETE & ERR MR L O RRE IS
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7 2A
7] A
%2
TFZAF 7 WEORE FRMN & BERRE
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Fig.1.1 Flowchart of this thesis
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SEHRRBED B 5 IR E FAEE@ DB OIRE FREmTh Y, B/ EEREEE R &P
WCHETS.

© 140 — - . - .

S8 Type®

= ‘0‘/‘/

— o

5] 120 g » i

£ 1) &

=

é 100} [ 7 Type® n‘j%d i

bS] { £ D:FDUIdjj 1 Rotational speed N
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2 ogol ¢ 1 o . g

% % 1 Applied torque T

g- —O— 1.75Nm

o 60F — O0—  2.00Nm

= — &~ 270Nm
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40 | —-4&—-- 4, 00Nm

' | ' |
0 20000 40000
Numbers of load cycles N

Fig.2.1 Type of temperature of meshing teeth

13



2.3 TIRFYIEEDIEGRE

TITAF v 7 WEOBEL, RENEESRBHBREICRIIS, £21 DKL)
haEEn5®h,

RKEITIE, AT 2 THEEDO T T AF v 73T IEwmEBELEFLE LT T AT v
WHICB T AHEERREOEMNZEIT T L E BT, HmEOBERIIOVWTHRRS.

Table 2.1 Damage of plastic gear®"

1.5 #4HJ4E 55 The Final Damage

1.1 748 Tooth Breakage

1.1.1 J& 55 ¥74 Fatigue Breakage
1.1.2 @EAfm 4 Overload Breakage
1.1.3  F AWr#r#8  Shear Breakage

1.2 ¥t Melting

1.3 Befh &  Seizure

1.4 B EEFE  Destructive Wear

1.5 M2 Plastic Deformation

2.#%8AJHE % The Progress Damage

2.1 ¥ Wear

2.1.1 IEFEEFE  Normal Wear

2.1.2 77 V7B  Abrasive Wear

2.2 DY Surface Fatigue

22.1 ¥ v F 7 Pitting

2.3 EAWHEE  Thermal Damage

23.1 AW v 747 Scuffing

2.3.2 JBE!F Burning

2.4 Z O The Others

2.4.1 X% Cracking

242 FWIZX DM  Fatigue by Interference
243 BWYNIHZ HIZ K DI Fatigue by jamming
244 JZi¥ Swelling
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2.3.1 ®BMIERS
(1) ERBLIUVEOER

22102, ETIEHEEICKT 2 WE OB LOCHOEROGTHYERmY . O
EEORZENDLNHLEIIC, IPIZ1Imm OESOHRERLTHD. K228 &
O 2.2(b)1%, RSN OEFELLCEEZRE LICEETHD. Zb0BINE,
B KO o B & b I B AN HERE DR 72 W I EHEAT L 7ot O EEFE S R T
5.

T, K220)B LUK 2.2(d)Ic, K 2.2()8 LK 2.2(b) & [ Uth %, #immssE
LHEMMbERE LEEREZRT. MOBARIIEESTMTHL., ZnbOKITHEND
T, WIEPREICHOLEEN/BETES. ZhiE, HEEZOLFRZERELED
DThHDHERDLDND.

(a) Tooth form of driving gear (b) Tooth form of driven gear

(¢) Tooth surface of driving gear (d) Tooth surface of driven gear

Fig.2.2 Wear and deflection®?
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2318, A EVKE O TEERE LY 7y 7 DEREEZRT. ZOGFHEIX
BHOICk o TIRESNEFREICB T2 7y 27 05HEMITHE. 7T v 713,
Hofer O fElRrmfr B ENOFRAEL, VA HDRIEAN D D5E1E, w2RITHE
THHMICHERT 5.

2402, WILESRDZ Ty RN AE~NER LI TIERHEDOGTECHEZ RT .
SRR CRIES N2 EIE, MEROIMEZ /NS LTHRBEOKEZRLS 725172
W, o, HFHOREI2E L TWARMZENE LR A 7 V24 528325
e, HRY = 7 EECEEINIGENRZ VN, VAEINEI R TES
L, o aRELTY LAE~DY FZ v 7 RilEERT .

Fig.2.3 Crack of tooth root *?¥

Fig.2.4 Crack of rim®®
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2.3.2 m¥EMIERE
TIAF v 7 WEORMENBEGZEIIR 21 O LI TE DN, KIFFEIC
B L EMANBEE (RELRZETERIRI2RETOEE) BEE L TIIUTD
bIRENBIEINT.
1. AT
2. R
3. PR
¥ 97 T 48
U 2955 P48
4. W LETITHR OB ARG
5. i JEEFE
(1) BEFHE
2510, FBERRICL > THAIFTHRLEZ T T AF v 7 HHOGEHE &2 R4 49,

WHICHIEICE WA 20T CEiRT 5 &, EBRBMBER, HwmEEN LN DRI
WHERT2., 2ol ) RBAaMTEIC L5 Fmik, wimiEE LSO o E o Hm
EhEWw. LT, WMAWMITHET L L5 REBESFMIL, W25 58I1I28 0T

HEET 2T e B 7.

2.5 Overload breakage®®
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(2) Bt

2.6, WElL7Z X T IEEE0EECDZRY. 0B EGIE, wEiRE LAEmH
OOBEOHREGRETHD. AMICK DRI T, WiiRENERICR D &AL
7. ZORGEEIL, wWERE ELAENODOGEGOBEERETHLDT, ZDLD
RSN FEAET DB BT D FmITE .

2.6 Melting®?”
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(3) wWDERFIFE

B 2712, BHITRLETTIRAF v 7~ BV —LVDOEEEZRT. ZDOLD
R FIRICB T 2 BERER, WM EEIREEZ ot miR g A E MO Tl
.

Fig.2.7 Fatigue breakage

4) JLDEFIE

K 2.812, VARNEHFHRLEEAY = 7HET I 2F v 7 3T EHEO FTEHY
ZoRY. BIE TR FITE LRI, ZoBEFEIL, WMk EEIREZ FFo
WEIRE MmO TCHEINTL. WHOHELZ T 70 A2 E L2
R T T ATy 7 ETIE, VA2EILTEDLL, ZOLOICY ARHIETD.
¥, VLAEHOREINEIZIT LR UBREU EHIT, VLRI WIS~
HRIETZ LTV D, ULAEINEHLZTD 07550 b/hE< b RERPE
MBI D,

(b)Teeth

Fig.2.8 Fatigue breakage of rim*®
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(6) BREEFTBOEAWESG

2912, WELEFEHFIHOBEEMBEICL 2T T EHEOFHS V% R,

29, HHEAKEZHEE LIZGEETHDL. ZOFHEHIY, Z OENPHEN
MM LTS, ZOFEMULEEZIERLIEEENRHK29b)TH 5.

7, WEOME BT, HEZIZ) 2MEED-HOFEE L TV LEFTNH
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DR STz,

ZOHEERRET, Wk PEREAEL 2 VETEE ERBEAQO5EA TOEE
FERTHV, 232QQHE TR LIEERME 23200 TR LAEEOEFHEL IO
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(a) Gear (b) Tooth form (melting)

(c) Tooth (fatigue breakage)

2.9 Melting and fatigue breakage
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(6) BEF
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—
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o i L B b R ® TR S T
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Fig.2.10 Wear
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3.2 RBREBEBFLIURRAX

3.2.1 HEw=E

AT THN I TIEREOF T E R 3.1 IR T. £z, wWHEOBR, -HEEZX 3.112
AT RWEFE T, BRE) - KBV E L B IZF —RE T DS HRIE T ATy 7 R L
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B 3.2 ICW R AR EZ =T, FHEETIEF—F (RERICR) 72— 1%
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BERELAEL DL, WERENFEMBLOREIEEICRIZTTEEBITNIINEEX
Lbhvd.
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Table 3.1 Dimensions of helical gear

Normal module m, 1
Normal press. angle o, deg. 20
Number of teeth z 37

Helix angle f deg. 20
Addendum modification coefficient X 0

Face width b mm 10

Pitch circle diameter d mm 39.38
Root circle diameter d, mm 36.72
Material POM-C
Manufactureing method Injection molded

6-gates
2.0
SRR
=R
Cle| e
10.0

Fig. 3.1 Shapes and dimensions of helical gear
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0.5mm
] toum ] toum 0.5mm

(a) Closest tooth from gate (b)Farthest tooth from gate

Fig.3.2 Tooth profile error

0 1.0mm
] 10um g .

(a) Closest tooth from gate

I 10pum

(b)Farthest tooth from gate

Fig.3.3 Lead error
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Sound Level meter

Transistor
inverter
Test gears

< /
Powder :D: 56 / Taco-meter
brake oRe) |:|
(oK :D: Torque Motor
Q0 meter
Non-contact [ ]
thermo-meter

|

Fig. 3.4 Test apparatus
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Fig.3.5 Photograph of test apparatus

Type Rated Maximum Moment of | Mass | Mass of
torque rotational inertia Powder
[Nm] | speed [kgm’] | [kg] | [g]
[min™']
ZKB-25XN 25 1800 3.80x107° 9 33

Fig.3.6 Powder brake
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Measurement
IT-550S8 diameter

Distance[mm] 73 100 150

Measurement
Diameter [mm]

¢ 2.5 ¢8| ¢ 20

Fig.3.7 Infrared thermo sensor

Fig.3.8 Position of infrared thermo sensor
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O cadERE LY AEoE s L.

(a)Driving gear (b)Tooth of driving gear

(c)Driven gear

Fig.3.9 Damaged gear (T=2.75Nm, N =9.6X10°)

. b\Dri
(a)Driving gear (b)Driven gear

Fig.3.10 Bending Strength
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Fig.3.20 Combination of gear pair
Table 3.2 Dimensions of spur gears
Module m 0.8 1.0
Normal press. angle o, deg. 20 20
Number of teeth z 56 48
Addendum modification
X 0
coefficient
Face width b mm 5.0 8.0
Pitch circle diameter d mm 44.8 48.0
Root circle diameter d, mm 42.1 45.1
Material POM-C
Manufactureing method Injection molded
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Table 4.1 Properties of Daphne grease PG

Thickener Lithium complex
Base oil Synthetic oil
NLGI grade 2
Kinetic viscosity of base oil at 40°C  [mm?*/s] 1250
Dropping point [°C] 210
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Fig.4.5 Relation between applied torque and

life of grease lubricated plastic crossed helical gears
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(a) Basic mesh model (b)Fine mesh model

Fig.4.6 FEM model

Fig.4.7 Constraint condition
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(b) Distributed load

Fig.4.8 Load condition
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Fig.4.9 Load condition on FEM model
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(Comparison between two models)
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Fig.4.11 Effect of a, on distribution of principal stress
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Fig.4.12 Relationship between stress retio and

life N of grease lubricated plastic crossed helical gears
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Fig.4.13 Life estimation from temperature of meshing teeth
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Fig.4.14 Contact ellipse
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B DBEELAENKRDO L HITRED.

0.23
127,
H= 0.2

p Hmax

(4.10)

ZITC, RREMIENL, 25CICBITLTITATF v OMEMEEHNT, RAD
FEEOTR . ok, ZOLEOHMIERWEIL, RIERGE P, & EABRAE
TORBENHZEVE TR LM E Lie. BRI, 2 50 E WK O B E
X, BERMEONYS(EP,/2)E Lz,

66



Table4.3 Coefficient Cy in Eq.(4.6)

Combination of material Lubrication condition Coefficient Co

No lubrication 0.063
POM—POM Grease lubrication 0.025

Oil lubrication 0.023

No lubrication 0.116
POM — Steel Grease lubrication 0.070

Oil lubrication 0.020

RUEHWHEIZR T DD~ HE V, I3, 4.15 O X O\ ZHEHEM EHEE Vo, &
Vo, D7 bz E LTORENDHET CHMOTRYEE Ve D (X7 bL Ve
XX, PAHAEIHEOELLICERTAICL - TEALDZTEODRRLTWRY) L
T HMOT XY EE VpIZEY, ROXIITRIND.

V, = Vi" +V,7 [ms] (4.11)

Shaftl

VOl

Fig.4.15 Sliding velocity Vg
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Fig.4.16 Relationship between sliding velocity and

distance from pitch point on action line
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a =T - x2 [m] (4.14)
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Fig.4.18 Vg

and Vg,

A

Fig.4.19 Contact ellipse
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Fig.4.22 Flowchart of life estimation of
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Fig.4.24 Temperature rise from atmospheric temperature of meshing teeth of

no lubricated plastic crossed helical gears
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(a) End face without teeth (b) End face with teeth
Fig.4.28 End face after damage of no lubricated plastic crossed helical gears

(T=0.4Nm, n=750min"!, N;=3.0x10°

Fig.4.29 Damaged plastic crossed helical gear pair

Yagray,

(a) Beginning the experiment

(c) Damage by the abrasion

Fig.4.30 Process for damage of the plastic crossed helical gear
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Fig.4.31 Relationship between maximum Hertzian pressure and life of

no lubricated plastic crossed helical gears
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Fig.4.32 Relationship between PV value and life of

no lubricated plastic crossed helical gears
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Fig.4.36 Flowchart of life estimation of

no lubricated plastic crossed helical gear
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Table 5.1 Dimensions of worm and wheel

Worm Wheel
Normal module m, 1
Normal press. angle o, deg. 14.5
Number of thread / Number of teeth z 1 42
Tooth surface thinning factor -0.465 0.413
Lead angle / Helix angle B deg. 407’
Addendum modification coefficient X 0
Face width b mm 15 9
Pitch circle diameter d mm 13.9 42.1
Root circle diameter d, mm 11.4 39.6
Material S45C POM-H
Tooth surface finishing ground hobbed

10 175 15 175 40
o
i gl = i < of _ _
g ; %) he ll II: I: = © S
g —
(a) Worm
9

10*°%
P.C.D25
39.6
421
44.1

(b) Helical wheel

Fig.5.1 Shapes and dimensions of worm and helical wheel
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Fig.5.2 Tooth profile and tooth trace error of worm
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Fig.5.3 Tooth profile and tooth trace error of wheel
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PC data acquisition system

Infrared thermo sensor

Fig.5.4 Test apparatus of worm & helical wheel
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(a) 6,=70C, ny,=700min"', N;=6.5x10"

e

—

(b) 6,=110°C, ny=1560 min"', N =2.3x10*

;

(¢) 6,=130°C, n,=2000 min"', N;=3.1%X10°

Fig.5.8 Final gear profiles (T,,=18Nm)
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Fig. 5.14 Relationship between stress ratio and life of wheel
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Fig. 5.15 Relationship between stress retio and life of wheel

(Evaluation by temperature of meshing teeth)
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Fig.5.16 Relationship between stress retio and life of wheel N
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Atmospheric

temperature : Gam

Rotational
gears

Dimensions of

Applied
torque : T

—

speed : n

Temperature rise from
atmospheric temperature of
meshing teeth : G,y

Temperature of
meshing teeth : 6,

v

Eq.(6.2) , Eq.(6.3)

Eq.(3.2),
Eq.(5.2),
FEM

Bending strength : oy

Tooth root stress : oy

\

Stress ratio : C, (=0u,/09)

v Eq.(6.1)

Life of gears : N

Fig.6.1 Life estimation from temperature of meshing teeth
(Teeth breakage)
Table 6.1 Coefficient C;; and C; in Eq.(6.1)

Spur and helical gear

Plastic crossed

helical gear

Plastic helical wheel

meshed with steel worm

Ci 10.3

33.5

25.0

Ciz -0.186

-0.214

-0.174
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HOBMBIEIROLIICRD.
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6,

bm

=C,0

fem

[C] (6.7)
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HEDENRFELRETHLRRDAEUERIDLDOT, RUFTANMIEo THERT D
VENDD.

RyFT A NGO PHEEEICRDETORKMILE, FTI9AXAF v 7 HER+EONHRE
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W, =, TIRAF v ERMONBENTHLEEE, WMOBMEERNE VO
KEZEZST 26”0 THERETETD.

INETICRBRARZFEHAOEGEZ 72 —F vy — MIRLEORK 6.2 THDH. K
HiZ, T 2XESBLOEHRFEETRL TS, M 62 27T X512, HEGH
Jt, EEEEFRB IO EHEESKEE (NTHATRLEZEA) DELIEHFMD
HENAREE R D.

ZOFEICHE s TRO I FH A E MR & KRR LB LRI RO LB
Thbd. FHRE LI TIXEEOFMHEE AR & FEREROBRIL p.d4l O 3.19, 7
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Table 6.2 Coefficient C,; in Eq.(6.7)

Grease lubricated No lubricated Grease lubricated
plastic crossed plastic crossed helical plastic helical wheel
helical gear gear meshed with steel worm
0.417 0.345 1.03
Atmospheric Rotational Dimensions of Applied
temperature : Gam speed : n gears torque : T

Eq.(6.7), Experiment

erda’s method,

Temperature rise from
atmospheric temperature of Eq.(3.2),
meshing teeth : G,y Eq.(5.2),
FEM
Eq.(6.6)

Temperature of
meshing teeth : 6,

1V Eq.(6.2), Eq.(6.3)

Bending strength : oy Tooth root stress : oy
I [
Vv
Stress ratio : C, (=0p/09)
v Eq.(6.1)

Life of gears : Np

Fig.6.2 Life estimation from atmospheric temperature and operating condition

(Teeth breakage)
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HREELHETT DLEND D.
YO K DT, M ACRREBR IR 0 S8 8 TR EE O, TR R E AR G B KOV
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SR E O D BEFRIT, WO TEHRINDS.

:

B %
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¥4 55

ﬁ

Hm = ebm + eam [OC] (69)

S B i L A G 1, p.32 332 tHmEiEE L HmiRE LA R CTRLEX
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B L OEFHKIEEICK T 2 FHREIRENREDS. ZOoRUKEICKIT 2 E
iR e fE & S R B R B OBRIE, p.63 [43.2(60)(H)RUHEEICE T HEANIE
] WZR LT, DAEAEWEN O A JEIRE 6 O FHMETH 5 8 AR E G
(p.71 T4.3.2(6)(i) FHEAEE L HEHRE LA EORMR)) CTRMETE, WHEO
MRIZKRD X DT/ 5.

6,

bm

=C,0

fem

[C] (6.10)
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INFEFTICBRREZZEND, 63D 70 —F % — MIBWTHEE T, EIRS
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Z D FIEITHE - TR D o FaHe & dhf & FEBORE R 2 i L7285 R % p.89 DX 4.37
R L. RAGBECLMESHGE ERERIEMR KL TS,

ARETHRARTZL O, BEEEBAITE T D EIZ DOV TIX, (2 Ot A ER
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7=, BEGHREN BB TH Ltk #Ix, 52 Ot AR T2 i iEE & 7m0 B
RaRD, NFT AN TEERMG L EHEREE EABEOEENGLANIEE, £
DHBRIFZEREZITOTIIK 6.3 D72 —F ¥ —MILEB> TEHET LI L TEED
EHER SRR KOV EFEHKIEEICRB T 2 FEMmBHEETE D.

DX, KX TR LESEMBEELFEEZHES ZLI2XL0, DRV EEOINA
R T, EEOEBEFHEBSIOFRASEE L VoL RHEOREICK T L7 7 AF
v WEOFMMETHAIREL D2 D, KEMETIEIIADITIEHTELSHO
LEZD.

ﬂ

Atmospheric Rotational Applied Dimensions
temperature : Gam speed : n torque : T of gears

Eq.(4.16), Eq.(4.17)

Mean flash temperature : Gy

Eq.(6.7)

Temperature rise from
atmospheric temperature of
meshing teeth : &,

Eq. (6.6)

Temperature of
meshing teeth : 6,

Eq.(6.8)

Life of gears : N

Fig.6.3  Flowchart of life estimation for wear of no lubricated plastic crossed helical gear

Table 6.3 Coefficient C;; and Cs; in Eq.(6.8)

No lubricated crossed helical gear

Cy 131

Cs» 4.23
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Table A.1 Experimantal results of spur gears and helical gears
Combination | Rotational | Applied Average Average Stress Life of
of gears speed torque atmospheric temp. of ratio gears
temp. meshing
teeth
n [min™'] T [Nm] Oum[C] O.[C] C. L
10-10 500 1.0 17 41 0.211 N.R.
10-10 500 2.0 16.8 59.6 0.515 N.R.
10-10 500 2.0 N.R. 61.6 0.528 | 7755000
10-10 500 2.25 29.7 71.3 0.666 | 3687000
10-10 500 2.25 18.8 71.5 0.668 | 3970000
10-10 500 2.25 N.R. 49.7 0.519 | 7875000
10-10 500 2.25 7.51 52.0 0.532 | 9280000
10-10 500 2.5 26.3 81.6 0.845 870000
10-10 500 2.5 18.2 73.7 0.763 | 1515000
10-10 500 2.5 N.R. 64.6 0.682 | 1647000
10-10 500 2.5 N.R. 64.4 0.681 | 2100000
10-10 500 2.75 22.1 89.7 1.04 | 230000
10-10 500 2.75 13.6 77.4 0.879 | 597500
10-10 500 2.75 N.R. 68.8 0.789 | 960000
10-10 500 3.0 29.1 101 1.35 88500
10-10 500 3.0 29.1 101 1.35 88500
10-10 500 3.0 N.R. 82.6 1.03 210000
10-10 500 3.0 N.R. 78.1 0.968 | 234500
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Combination | Rotational | Applied Average Average Stress Life of
of gears speed torque atmospheric temp. of ratio gears
temp. meshing
teeth
n [min] T [Nm] Gum[ C] Ou[C1 Cu L

10-10 500 3.0 N.R. 78.2 0.970 | 273500
10-10 500 3.15 N.R. 71.5 0.934 173000
10-10 500 3.35 N.R. 101 1.50 42250
8-8 500 2.25 20.3 72.2 0.864 | 525000
8-8 500 2.25 22.8 70.3 0.844 | 790500
8-8 500 2.5 N.R. 66.9 0.899 | 510000
8-8 500 2.5 24 .4 84.9 1.13 165000
8-8 500 2.75 6.54 73.8 1.08 180000
8-8 500 2.75 25.1 88.9 1.32 78500
8-10 500 2.25 18.3 73.9 0.883 570000
8-10 500 2.5 15.5 68.3 0.914 180000
8-10 500 2.5 19.9 76.7 1.02 | 250500
8-10 500 2.75 13.1 82.3 1.20 109500
8-10 500 2.75 24.3 87.3 1.29 76000
10-8 500 2.25 15.8 63.5 0.622 | 2739000
10-8 500 2.5 13.4 68.0 0.792 | 1552500
10-8 500 2.5 18.1 77.2 0.818 '746500
10-8 500 2.75 27.3 91.0 1.09 155000
10-8 500 2.75 N.R. 74.3 0.867 | 435000
Spur gearl 500 1.5 26.2 54.0 0.729 630000
Spur gearl 500 1.75 35.7 64.0 0.953 237500
Spur gear2 500 2.5 28.8 71.9 0.757 | 2490000
Spur gear2 500 3.3 30.2 70.1 0.942 180000
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Table A.2 Experimantal results of grease lubricated crossed helical gear

Rotational | Applied Average Average temp. | Stress ratio | Life of gears
speed torque atmospheric temp. of meshing
teeth
n [min] T [Nm] Gum[C 1 Ou[C1 Cu L

500 0.2 25.0 35.5 N.R. N.R.

500 0.7 25.0 49.0 N.R. N.R.

500 1.6 25.0 59.5 N.R. N.R.

750 2.5 25.0 85.5 1.24 4455000

750 3.0 24.9 91.2 1.62 1177500

750 3.25 25.0 90.9 1.74 832500

750 3.75 25.0 97.2 2.06 382500
1000 0.1 25.0 34.0 N.R. N.R.
1000 0.2 25.0 42.3 N.R. N.R.
1000 0.4 25.0 49.0 N.R. N.R.
1000 0.8 25.0 58.5 N.R. N.R.
1000 2.75 26.0 90.8 1.47 1560000
1000 3.0 23.5 94.5 1.70 1070000
1000 3.25 26.6 96.2 1.88 500000
1000 3.5 24.6 107 2.41 300000
1250 2.25 25.0 97.2 1.33 5800000
1250 2.5 25.0 98.5 1.50 1800000
1250 2.75 24.9 103.2 1.78 837500
1250 3.0 25.0 114.8 2.38 425000
1000 1.64 25.0 45.6 N.R. N.R.
1500 0.4 25.0 63.4 N.R. N.R.
1500 1.0 25.0 79.0 N.R. N.R.
1500 1.5 25.0 88.3 N.R. N.R.
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Table A.3 Experimantal results of no lubricated crossed helical gear

Rotational Applied Average Average temp. of Life of gears
speed torque atmospheric meshing teeth
temp.
n [min] T [Nm] Gum[ C] Ou[C1 L
500 0.475 25.0 66.4 1470000
500 0.5 25.0 69.9 1225000
500 0.525 25.0 74.9 1270000
500 0.55 25.0 73.0 500000
500 0.56 25.0 78.5 355000
500 0.6 25.0 85.4 195000
750 0.4 25.0 72.7 N.R.
750 0.4 24.1 71.0 3037500
750 0.4 24.6 73.6 1425000
750 0.45 25.5 81.0 138750
750 0.45 24.7 78.1 735000
750 0.5 25.0 84.0 N.R.
750 0.55 25.0 84.1 172500
750 0.55 25.0 82.6 232500
1000 0.25 27.0 66.3 1680000
1000 0.25 26.0 69.6 2100000
1000 0.3 27.0 78.4 590000
1000 0.3 25.0 69.6 750000
1000 0.3 25.0 72.7 410000
1000 0.35 25.0 77.1 100000
1000 0.375 27.0 82.8 50000
1500 0.05 25.0 55.0 N.R.
1500 0.13 25.0 70.0 N.R.
1500 0.25 25.0 10.0 N.R.
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Table A.4 Experimantal results of helical wheel meshed with steel worm

Rotational | Applied Average Average temp. of | Stress ratio Life of
speed torque atmospheric temp. meshing teeth gears
n [min] T [Nm] Gum[C 1 Ou[C] Cu L

600 20 23.0 67.8 3.73 41400

700 18 23.0 68.9 3.4 67100

750 16 23.0 69.4 3.04 156000
1000 10 23.0 76.0 2.05 N.R.
1000 14 23.0 78.0 2.94 N.R.
1000 18 23.0 88.5 4.26 31000
1000 20 23.0 90.1 4.82 14000
1300 16 23.0 88.6 3.79 69500
1500 10 23.0 83.0 2.22 N.R.
1500 14 23.0 89.5 3.35 142000
1500 18 23.0 102 4.97 N.R.
1560 18 23.0 106 5.22 23800
1560 18 23.0 104 5.10 27400
2000 10 23.0 93.0 2.49 N.R.
2000 14 23.0 111 4.31 75500
2000 18 23.0 124 6.41 2240
2500 10 23.0 115 3.19 458000
2500 14 23.0 121 4.81 40000
3000 10 23.0 129 3.77 324000
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