RV T JBERTISEED
B TR I2RE 9 & R

2014 % 1 A

DAING MOHAMAD NAFIZ BIN DAING IDRIS



23

33

3.4
4 =

4.1
4.2

43

(4=10, 20, ¥ L 30°)

& A

KR = 7 HEEIX T IER EO W TSI RIET U & - U= T EE D
=

FBR Tk s L OVERR S E

22,1 PHERHH

222 TS BEE

FERAE R I L OB
231 RPN 3R O TR
232 WIGICHNZKIET U L - U2 TR I DORE
233 WL KIET Y A - U TR I DORE
234 ERKWITCISZKIET Y L - V= 7RI DORE

=t

HRNIEFR Y = THEEIX I O E TS N KIET U = TS O R
=

FBR T iER L OVERE

321 ABREHE

322 ROk RE

FBRAER I L OB

330 R IIEHE HLR O BT /)

332 FERFRY = TREEII I O T )

333 DAEVHEDORE

334 U T7HEEORE

(=t

A Y = 7 ST IR O W TS DI KIE TR LA DR E
=

FBRTIER L ORI E

42,1 B H

422 TS SRE

FERAE R LB

431 JERIETIEE HO O B TS 7

432  XRU = THEEO W TSN KIE TR A ORE
433 IERHRT = THEE OB TSN KIFZ TR T D
434  HICIS MM KIET U = TSRS KO T O R

-i-

15
17
17
22
23

24

24
26

27
29
37
38
41

43

43
44

45
50
55
60



&

435 ERWITCISINIKIFET U = 7HEGER X Ui o2 72

43.6 fniE M ICRIETRCNADRE 73
44 = 75
O Y = TGS LTI o gh P S R
51 = 76
5.2 EBRRGIER X OEREE

52.1 HRBREHE 76

522  EiFYER SR ER 79
53 FEBRHERBIOEE

53.1 BRI BT O ITIe ) 82

532  HHIFERITMEICKIETY & - v T EIBIOY = TS O 82

533 W EZEICKIETY & - v T EIBIOY = TSR 85
54 & = 89
E 90
#OwE 92
g% 93
22735 SR 111

B E o 116

-1 -



Jbt

Z]
Z

e

24
Oyt
Po
By
Ea

&

7255 # (Nomenclature)

HULEREE  (Center distance)

HifE (Face width)

7 = 7 JE X (Web thickness)

HUEMEAE  (Reference diameter)

HSeMIERE (Tip diameter)

FEAEMEAE (Base diameter)

Y 73 (Young’s modulus)

F1JE ) (Circumferential load)

ih 79 57 BREE i 8 (Bending fatigue limit circumferential load)
PnFHEVE S (Length of path of contact)

EmE M JE 5w\ Ny 7 Z > 3 (Transverse backlash)
TER#R T M7 > 77~ + (Transverse base backlash)
HEE A E Y = —/L (Normal module)

Hili A = —/L (Transverse module)

far EL AR L (Number of load cycles)

IEMVERR E » F (Transverse base pitch)

FEUEM] 222 (Reference radius)

HSeH RS (Tip radius)

FEAEM 22 (Base radius)

U LJE X (Rim thickness)

J¥EAZ i (Coordinate axis)

JEAZ i (Coordinate axis)

H#% (Number of tooth)

AR (BEE)) pe O H £ (Number of tooth of driving gear)
XFF (FHF, #kE)) e O #% (Number of tooth of driven gear)
e f  (Tip angle)

IETE /1 (Normal pressure angle)

T E A FUEE J) £ (Transverse standard pressure angle)
INIEWETIf (Pressure angle at the pitch cylinder)
vy FHfE EDr Uit (Helix angle on pitch cylinder)
FEfEMRE R ULA  (Base helix angle)

IET A A2 (Transverse contact ratio)

NS 720 FEWVE (Overlap ratio)

NI VE (Total contact ratio)

PR A (Tangential angle)
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max
min

solid

Hoohi /) (Root stress)
LA

5l5EH stk /] (Tensile root stress)

A

Jthi~ /) (Compressive root stress)

B B cof

Wz 5 (Suffixes)

BrEh (3ABR) B (Driving gear, test gear)
#e#h (3CFF) #EE (Driven gear, supporting gear)
JEAFE  (Compression)

%K (Maximum)

/I (Minimum)

—{KpHL (Solid gear)

51E, #lE 4 (Tension; transverse section)
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210X, WEMETY 2 —/bm,=4, WEATEIIAa,=20° Wiz /z,=36/24, HlEb =30 mm/35 mm,
R TIVA B = 20°D e st JTIEIZ W2 X313 Bxk O 58 3 L OB A W RO R R 2T
WA OMENL S45C TH 5. BEE) GRER) L& hAd O B (FEF, SR R, ME, m,, o, 8B
FOBEFFR L THLN, LFFEEOEIL =24 THY, HIEITRBREEL YD LRKEL h=35mm
2725, £ 220%, WHEMEIO(LERS 2oRd. K 2.0, #woois EEIC W TR B HL O B A
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T L S5 IR E A T E A 90° R Tl — My EIL, K22 15T 1, bl RI L
ML U7, — IR AR I B O #2472 0 AT 5 72 DIZERIT TR Y, ZOFEMIC OV TIE 2.2,
2 HiTIRRTWD., KEWHEIZT KT TIIHETHS. o, fBREEIIER LN E > TRY, X

FEIIARA LA TH D, B FHIA 7 E0 O F £ T, 25 OFEEIXIH JIS 4% CBr JIS N8 #k)
BRETHL.

Table 2.1 Dimensions and calculated results of test helical gear pairs
Normal module m, 4
Normal pressure angle a, 20°
Number of teeth z1/ 2 36 /24*
Face width b mm 30/35%
Transverse backlash J, um 640
Helix angle Lo 20°
Transverse module m; 4.257
Transverse pressure angle o 21.173°
Base helix angle By 18.747°

. dy mm 153.242
Reference diameter
d, mm 102.162*
o d, mm 161.242
Tip diameter
d,, mm 110.162%*
. dp; mm 142.896
Base diameter
dp mm 95.264*
Transverse base pitch Do 12.470
Transverse base backlash Tt 596.796
CP}r,;SnS(lilerf angle at the pitch o 27.033°
Center distance a mm 128.511
Length of path of contact L 16.815
Transverse contact ratio &y 1.348
Overlap contact ratio &g 0.817
Total contact ratio & 2.165
Material S45C
Accuracy JIS Grade 4 (N8)

*: Driven (Mating / supporting) gear

Table 2.2 Chemical compositions of gear material(mass %)

Material C Si n P S
0.42~ 0.15~ 0.60~
S45C =0.030 =0.035
0.48 0.35 0.90




(b) Supporting gear

e Supporting gear
YVowe
Test gear

(¢) Gear pairs in mesh

Fig. 2.1 Photographs of test gear pairs used in measurement of root stresses



J Ty Part PA3

Gear part sign PO PA1 PA2 PA3
Gear structure Solid Symmetric web
Rim thickness l,, mm oo” 2mn** 1.5 m,
Web thickness b,, mm - 7.5 5

k3 . sk
oo: solid gear m,,: normal module

Fig. 2.2 Shape and geometry of test gear (With symmetric web)

2.2.2 WG STRIE

B HLRHEX 2.3 128 3 ERFRAY AT 20 B WO BB IR U 7. ARERBI AT 2 G VIR BRI,
— X OB X AT DN EWLE TOAEDE TAME G227 XObOT, HEZ A S 50k
W AR 7 F OBRENEE, ORISR, Ly RANB L OEEEEEENS o TS, R)
B o HL () 1X V738 A3 (®) LR —# A BT B, KRR (@) ITRFE 7702 (D) LW TS
U T 72, SRBR S HXHE A 7T A CENCEUST T S A, BRI RIS S 20K D I BEE ST
W5,

AREBRICBWTEZDWHEXS O/ Y 7 T v VBT NS ITHE STV TW D 4 8l 3100 [ JE J7 181 D g K
Ny J Ty vEj,=640 um £ 35, w7 T v UREERIT O R, IR EORNREZEEL, X 2412
RTCZRL A YV — D O SEREN i B 1224 CCBRE i OBl A ) A A\ Ot e T S B Lz
KEFHR B OENZ BIIME TS L CREICTE 5 L e > TRV tHHEXT D j, 73640 um 12725 £ THFF
WO G EZRE L 2N DNy 7 T v VERERIT o T2 AEBIZHW D L5 7ot Bt o Fub gk
a=105~150 mm OHFFATEREICEZ D Z LN TE D, K258 T LI, DABF-THDHEND
Bz TR OGS T 10 B . MHFREOSE TIX 7 8B bk S [ BRRE A o Bk o L FERE o
EHEED LI T WIEFTRAE TR THAE D LOICHETE S, X268 T XL D1,
R E D 2 K o e M B2 B A I 0 BEMEE CHIE L, OOl ZRE o 2 Ltk > THk
211279 a=128511 mmIZRE L. £ LT, WATVOMERIE, LA TK 2.7 IR T2
BB ATz CTHE G 720 8 — (272 B LIS L T o7, BTS00 (4720 L TWD) A, K
DEZ BEFHILFE 7Ty VR ED DI STV Z1T). SLAFHIES N B 5 DO TH Y472 iR
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AT O W, HHAPFOEIIT L > THY 72 0 ICHEZ KITT. RWRIZHDTc> Tl Y720 B EIC Y725
WCRATYH, EBRIIHEEXAEZ Y720 LT DRED TR S W, HHPHIE S &S Z &%
ERTHLIN, FERICL - TRYVELNRRD. %*TX%%Ti@ﬁﬁ@ﬁ%k@%&<ﬁk@
V27 A ol EE 4y O g T e DIE AT O RIS, TR FE S Ot s DEIC L DY T R A AT
D L EREELL.

B e D RE I XFFREI AT NI B WRED B ITIS S5 O B — BRI TRIE L2, B 28 1ICRT L9
2B D B D JEMEAI B TT T A RERIC BN T, BEAE0 = 30° (6 D H LR & d ot 3 A iR O
PERR D 72948) @ Hofer fERITIENEIZ 7 — VKX 02mm OOT HAZ—T% 6 mm O T S # (7
— 1, SRS LV 3mm FRF ) BE LT, MJET) F/b= 196,392, 588 N'mm MMEH T 25512
* LT To7e. OFT AT — V%A LIl OMER, X 22 ITRT /35— FNPO~PA3)DH RO T,
~T; TH 5. K291, Hoht DB AN TS NAEWALE 2 (EH T OB CRd (2l
O~ TIXEERA 1° FFET, ZOMOBEMIR X2 Mg L), @wEFROE y F AR D 00E
DOHfFIIO L L, KEBRTIIE v FRNAEVLE (P) LW ). K 2.10 1E, AEBRIZHWZFHT
AR DA WVERBIE L ORI O EE Z /R T. AL, MEY v v FICKVFTEDOHEIZ/D X
INCHRETE D, FRNAMINAEWRBRAAT 5 e, SCRPl B ofhim 2 EEL, s8R #fhl L7200
RHZEE ST, BB ORI AN Z 5 2 F A NG VR ZITH LN TES. Afif b7 136k
Bl OB c g L AV RIBAOT A — it ko s, 2o hoT A2 03 A6
BLOA Y Ra—7%2HNWTEHEARD Z LI TRETE 5. AN MNE WO H TR 1T
R HEOWICHES LIOT A =V Xt Sh, 200 A& (Hoos ) 13EHO0T HFHT Tt
HIND .

W TEIS AES & B Y 7 0 SRS A EER ) O B TS D BIE ATV, AR HEE O R 1EC?
LV RO eIS EEE & T . FHRE & HEEN T —BUI R DIRENEREL L, 205t
PGB D F TR O B ONE Z R Lk oo/S HEZ MY IR LAT 5. B 2.11 1%, SRl
DRz B ORI HLEEZ AT K 211 IR T K 91, SRl OIS & 2 R LI Lo &34 A v
W= I THIET 5.

2,12 1%, fo =20°F R 7 = THEE T TIXE O BT THED 7 v — X &R

@ Fixing flange

@ Test gear

@ Supporting gear
@ Torque pick-up
® Torque generator

Fig.2.3 Static load test machine
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Pick gauge

Fig. 2.4 Photograph of setting of backlash

/ Center distance
a

Supporting gear (z,=24)

Test gear (z,=36)

@, @, @ : Tooth number

@t invay, - inva,,

Fig. 2.5 Schematic illustration of setting of meshing position (z; / z, = 36/24)
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Reading telescope
Scale

Fig. 2.6 Photographs of setting of pitch point meshing position

a

Test gear Supporting gear
(a) Red lead thickness is thick

Test teeth

Test gear Supporting gear

(b) Red lead thickness is thin

Fig. 2.7 Photograph of tooth bearing adjustment by using red lead
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Compressive
side

i/

Hofer’s critical section

No. 1, 2, 3, 4, 5 : Strain gages

Fig. 2.8 Positions of strain gages

NIWERT

z,/z, =24/ 36
S =20°
b=30mm

\ \ \ \

/
=
/
—
/

/
]
/
/
"
_—
/
/
b=

D p,=1247mm__[(P)
&,Pp = 16.81 mm

Beginning of End of
engagement engagement
(Root) (Tip)

Fig. 2.9 Contact lines on the plane of action used
in measurement of root stresses

12 -



Strain measurement
device

Test gear
(driving gear)

Z izmm

Fig. 2.11 Photograph of tooth bearing by means of root
stresses measurement of Part PO (Solid gear)
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Start

v

Preparation of test gear (Line scribing,
strain gages bonding etc.)

A4

Setting of pitch point meshing
position and tooth bearing

I TS T T T T T T T T T TS 1 e I
)l

\ 4

Gear pairs assembly

Setting of backlash j,

NO Adjust the position of supporting
gear pedestals

YES f A

Measurement of center distance a

! Adjust tooth tip |
i NO | distance of test i
! gear pairs !

YES

Tooth contact marking check by using red lead

Equal along the tooth NO

trace

Tooth bearing by means of
measurement of root stress

Root stress measurement of solid helical gear part during static
load test (Circumferential load F,/b = 196, 392, 588 N/mm)

:

1

1

1

1

1

:

1

i Comparison of measured and calculated root stress by
! Kubo-Umezawa method
1

1

1

1

1

1

1

1

Adjust the position of supporting
gear pedestals

Measured = Calculated

Root stress measurement of thin-rimmed helical gears part
during static load test (F/b =196, 392, 588 N/mm)
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Fig. 2.12 Flowchart of root stresses measurement of thin-rimmed helical gears (5,=20")
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Fig. 2.13 Calculated root stresses and measured root stresses after
tooth bearing by using red lead (PO, £,=20")
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Fig. 2.14 Calculated root stresses and measured root stresses after tooth bearing
by means of measurement of root stresses (PO, £=20")
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Fig. 2.15 Measured root stresses of thin-rimmed helical gears
with symmetric web arrangement (5,=20")
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Fig. 2.16 Root stresses distributions of solid helical gear (PO, £,=20")
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Fig. 2.17 Root stresses distributions of thin-rimmed helical gears
(=20’, measured, symmetric web) [1/2]
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Fig. 2.17 Root stresses distributions of thin-rimmed helical gears
(£=20", measured, symmetric web) [Continued, 2/2]
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(a) Web side (b) Opposite side of web

Fig. 3.1 Photographs of test gear pairs used in measurement of root stresses

1 _ 3
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30
Gear part sign PO PB1 PB2 PB3
Gear structure Solid Asymmetric web
Rim thickness [, mm co” 2mn** 1.5m,
‘Web thickness b,, mm - 7.5 15 7.5

* . Kok
0o: solid gear m,: normal module

Fig. 3.2 Shape and geometry of test gear (With asymmetric web)
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3.2.2 TIEARE

HEEHLH I 2.3 (2R R AR A O RRBREE IR T 72, Ny 7 T o SRRGE, D R
EB ZOHIFHT KDY 72 0 RIS SV TS 2 3 2. 2. 2 il ~ 7.

PTG TIRIE NS & % 2 72 0 F IS O B EE 5y o0 B TE I T E 1L OV 7 — DRI CHRIE
L7z, 33 13, 6D = 7HEEICH LT, hAEWETE & OF A7 — Y O EORFRERT. X
3.3@)0E, MHAEWERDR T = TR OHIERIZ 72 5556 (Mesh 1), E7202HE W OB fEHic
MZB7=DIZ, B 330)E, NAEEWERON T = 7 OEMAIO #E IR/ 256 (Mesh 2) DInBE
W 2R, R Y = TRREOSE & RERICIER PR D = TS ER I Ot o D E T, X 3.3
R K DZhFBE 5 hOERMEM (Mesh 1) F721X513E 5 (Mesh 2) oo ARV T, BfE
FEO=30° (0: tOTLH & LT HPIBROBE D729 9) O Hofer OBl mifr e 7' — Uk
E02mm OOTHT =% 6 mm ORIET S H (F— 1, 5 (TS &L Y 3 mm FRFY) HA5 L
T, MJEAJ) F/b =196, 392, 588 N/mm MEH T 25512k L CHT o7z, 0T T —VaHE LIchD
(L, 3.2 10RT % %= K(PO~PB3)D Dl Ty~T; Th 5.

PR ITI ST AN T2 B D3 BB WL O VEF ST E OB, S 3G Bk, MR,
FERFER TR Y = TG SRR TH Y, 2 b OFEMOWTIEE 2 ® 2. 2. 2 filR < T
7%, X212 OWIEHIE 7 m—BIE, Y = THIEETIEEEOL A bEN T 5.

No. 1, 2, 3, 4, 5: Strain gages

(a) Mesh 1 (Web side is at the beginning of engagement)

Hofer’s critical section

(Web side)

No. 1, 2, 3,4, 5: Strain gages
(b) Mesh 2 (Web side is at the end of engagement)

Fig. 3.3 Positions of strain gages
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3.3 ERBERBIUEE

3.3.1 ERIE T (XEHEROETIE N

3.40%, 3.2 123 BRI HL.D Part PO (—{KEHL, mesh 1) (ZMJEJ) F/b = 196, 392, 588 N/mm

(b=30mm : HE) BEMAT HHE ONHEVIRD DL INBAE WD D £ TO TR ORIEMM & §
BEAZLE L ORT. X 3.4 PO, DA VALE & 0BG ) it 0%, ftIti oz &
S>TW5. E£72, FEMEITAL - HEHECY 2 AV CRkiZ 0T, JEMEITNE S -l T o342
IZY Y 7R E=2060GPa 2T U TRDTE LD THD. KA 1L Opna BAENE A RS, HHIEIRTO MW &
DI TGI8 D HlEG % Acute side (A. side), #1272 5 HilEH %2 Obtuse side (Ob. side) & L C
WAL X34 LD RIEMEFREMETIZE-H L VDO THENIF LD LT aneEBExbhb.
213, 3.4 ZHEET D EDBRAWVIAD N L DAE WD Y T TOW TS TRERFITIFIER U TH
0, BENHZEWVNLEL, EHLHE Yy FRANLEWVNLE [HIEFROE Y FmIZR 5 DA LR

(P)] FHEic7e v, X 2.9 OFEMFME EOEMBDTH D Z LR bh 5.

3.50%, X330 5B HL.OO 25O T 7S mesh 2 DG D Part PO (— AR H) (2 JE /)
F/b =196, 392, 588 N/mm 2MEM T 255G O M otic ) OBIEM & FHRMZ i L-OR9. K 3.5 L0,
MBHEWOHEEITIZ E b7 9 el N LOREMITFHREME & ZF B LD 2 enbnd. £,
BN EWVALEE, DAE VIR mesh 1 D6 L FERICK 29 12770 (EyFR) THDHZ
EWbING.

ARFEBRTIX, Part PO (Mesh 1, 2) #45r O g sohis HHEME & FHRENZIE—BUS T 2R (4720
INTRUNVIREE) | 22D Part PO #345> (Mesh 1) & itFr ™ = 7 H§1E D Part PO #3453 Ot yohis /1 EEIFIE—
FIZ72 DIRREZ AL L C, LIk OB B4 Part PB1~PB3 O #R5 O sohs DHIE Z1T-> T\ 5.
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:223 :ﬁ0=|go° o= burb =1l Trailing side Calculated
) »So id gear /(Ob.side)

400 " Mesh 1 F./b= 196 N/ mm
20| — 392N/mm
800 ¥ E— 588N/ mm
:igg [ Measured
00 e f,/b=196N/mm

T . 392N /mm

= T c . 588N /mm

b -600 A =

@ 400 By Middle S A.side: Acute side of face width
£ -0 | i Ob.side: Obtuse side of face width
- b b Q

08: _ggg | % A: Beginning of engagement

_a00 | ~ 2 B: End of engagement

00 | B 9 P: Pitch point
y L Py Transverse base pitch
-800 o m
600 ¢,: Position of max. stress
Ocmax
-400 Leadingside
-200 (A. side)
Root Pyt 1N Py Tip
EaPot o EpPpt
Positions of engagement
! — =°
Pot 0
No. of meshing tooth pairs
Fig. 3.4 Calculated root stresses and measured root stresses after tooth bearing
by means of measurement of root stresses (PO, 4,=20", mesh 1)
800 1 p=90° - —
B=20° [, =, b, /b=1] I
600 ’soolid gear /T(rg'gngijge Calculated
oo | Mesh2 : —— F,/b= 196N/mm
‘ — 392N/ mm
232 - 588N/ mm
400 Measured
© 200 e F/b=196N/mm
S 0t b 392N/ mm
& e00 | £ e 588 N/mm
A £
§ 400 - .8 Middle S A.side: Acute side of face width
5 27 ¢ ! Ob.side: Obtuse side of face width
S 800 r
08: 600 | % A: Beginning of engagement
a00 | ~ 2 B: End of engagement
200 |  — B S P: Pitch point

300 p- Py Transverse base pitch

600 o ¢,: Position of max. stress

400 imax Leadingside

200 e (A. side)

Root Pyt . ,“, l p,j; Tip

o« Pbt 3Pot
Positions of engagement
= = =3
Pt 0

No. of meshing tooth pairs

Fig. 3.5 Calculated root stresses and measured root stresses after tooth bearing
by means of measurement of root stresses (PO, 4,=20", mesh 2)
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3.3.2 kY r TEEET (SREDWETIE S

3618, VAEX L, =2m, (m,: HEMAEY 2—/V) , V=7 EZ b, /b =025 (b: HiE, X 3.2
® Part PB1) , I,=1.5m,, b, /b=10.5,0.25 (X 3.2 ® Part PB2, PB3) OERIEXMNRY = 7 &I LTI X8
HO NI VVHE 2 mesh 1 DFAIZ, F/b =196, 392, 588 N/mm MER T D58 D NIHEWIED D5
NIHENFED Y ETOWHEITISHOMEFBRERT. X3.6 L0, EAESHY = 7HEEIXTIERHED
WITIS X, U AEE NN, DAREWEED L LEINSRAEL, v TAOEE (DA E
B, BLAM O MR, A. side) DERKREICIE Oomava. sidel L, 7 = 7 D3 72RO B - (i 41 oD
b, Ob. side) D Fe KB TTIES 7T Gemarob. sidey = D B K E <, Gumar(a. side)l L Ly by DI & & HITHERT
% DIZH L, Goma(on, sidolE, WD T 5 2 L 325, RENPHAVEI, EOHRIZTIZHERT
HE Y FENBAEVLE (P) L0 PR THOLRSZLBAVLE (P XK 1R 2 hlfiEf) (272
BT ENDIND. Fiz, BRIEIHT = THEE T TIXE O RENASWALELE, X 2.9 OEM i
LoEMBOTHD. M34,3.6 DL, —KITTIXEHE (Part PO) OHH LITRRDZ &N
5. ZhUE, —EEEOSESIZH S TEAIZTIEEE (Mesh 1) OHAITIE, SLAMCT = 7RO
WESE DO DM ENKREL 2D L, £i2, VAMOEFRENRKEL DI LICLDEEXLND.

3.70%, X 3.6 0253ROT= F/b =196, 392, 588 N/mm M EAH 325554 @ Part PB1, PB2 1 L 1) PB3
DINFENHT DS mesh 1 DIGE OB ICI ) 5040 23, X 3.7 W O LR 7 M O E &, fiefihlx
W B &> T D. K37 FOFE L, 2.9 OBMMERESICHE LTS, K3.7L9, 1,0
JA & & B, MEIEGIC D> THILIS DR REL D Z Enbnd. 12, b, DAL L HIT,A.
side D HMESG CIRKMTCIS IMMKREL 2D 2 BN D.

3.8 |%, Part PB1, PB2, PB3 D)5Vl i 2 mesh 2 DGAIZ, Fi/b =196, 392, 588 N/mm 23:ME 4
LB DNBHENVIRD OB WD Y £ TORITIS I ORER R Z2 <. K38 KXV, HRIEXS
Ry = 7SI TITHEEOHR TS IE, U AEIRENTZD, DAEWVIED LD BTN BIREEL, U
= 7 WV D H RS (03B WERDM) D Gyaxia. siaetE, 7 = 7D IENE D Gyax(ob. sice) & ¥ R E
<, £z, WIS TIX, O 1L, Ly by DI & & BITHIRT D Z b5, PBI BLTUPB3 08
AT, RENLSWVAEIL, PO OS54 L FEEICE v FENLESWVNE (P) (720, 2.9 OfF
R EOFEMBOTH S Z L RNb0nD. —J7, PB2 DA TR, HENHAWVAEIL P LY ThT
D UBEATZNHEWALE (P KX DK 1PEATZEERA) (25AL, X2.9 OFERYmE EoEMEO THh
HZENDND. ZHUE, V=T EINRKREND, OIS THIBTRROZbANKE L
HZEIZEBHEEZLND.

3.90%, X350 5RO F/b=196,392, 588 N/mm 23MEH 95854 0 PO D LIt /1504 & 7~
3.101%, K38 225K 7= F/b= 196,392, 588 N/mm 2 EF 3 2% 54 @ Part PO, PB1, PB2 33 X UV PB3
DPHE D mesh 2 DGE O W LIS 134 &3 . X 3.10 XV, 4, b, DA & L HIZ, HHE
ST o THITIG MK E 720, e KIITIE I3 AET 2 g T M ONLEIL A side O HIE C
D ENDND.
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Rootstress o, MPa

Rootstress o, MPa

800 1 5 =20° [l = 2m,, b,,/b = 0.25 (PB1)] 800 1 4,=20° [I,=1.5m,, b, /b =05 (PB2)] Trailing side

- . Trailing side 600 | !

600 FAsymmetric web gear g 600 FAsymmetric web gear .
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-400 3 -400 ~ 3
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& &
-800 f -800 4
~600 Leadingside 600 - Ocmax Leadingside
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200 Web side —200 o Web side

Root Por 1N P Tip Root Pot !rL ! Pux Tip

YL 5P ZuPie EpPor
Positions of engagement 3 — Positions ofenggement 3
— [ —
I ] — i ] =
Poe Pot
No. of meshing tooth pairs No. of meshing tooth pairs
(a) PBI (I, = 2m,, b,, /b = 0.25) (b) PB2 (1, = 1.5m,, b,, /b=10.5)
-800 [ p=on° [/ = -
0 [4=20° [, = 1.5m,, b, /b=0.25 (PBI)] Trailing side
Asymmetric web gear (Ob. side)
—400 I Mesh 1 /(O
0 Measured
-800 ¢ 4 _
600 | —e— F,/b= 196 N/mm
—— 392N/ mm

-400
200 | — 588N/ mm
800 > A.side: Acute side of face width
600 [ A E Ob.side: Obtuse side of face width

~
-400 . o

200 Middle & A: Beginning of engagement
00 L & B: End of engagement
600 £ P: Pitch point
—400 ' % Py Transverse base pitch
200 B E |: Position of max. stress

' y-
800 r Ocmax
~600 Leadingside
-400 1 (A. side)
-200 Web side
Root] Pue T Du Tip
P
EaPot mr £8Pt
Positions of engagement
: — =,
Pt

No. of meshing tooth pairs

(¢) PB3 (I, = 1.5m,, b, /b = 0.25)

Fig. 3.6 Measured root stresses of thin-rimmed helical gears
with asymmetric web arrangement (/5,=20", mesh 1)
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Root stress o, MPa

Root stress o, MPa

Root stress o, MPa
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(a) PB1 (I, =2m,, b,, /b=0.25)

(iii) F,/b = 588 N/mm
(b) PB2 (I, =1.5m,, b,, /b=0.5)

Fig. 3.7 Root stresses distributions of thin-rimmed helical gears
(8=20’, measured, asymmetric web, mesh 1) [1/2]
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Fig. 3.7 Root stresses distributions of thin-rimmed helical gears
(8=20", measured, asymmetric web, mesh 1) [Continued, 2/2]
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Rootstress o; MPa
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Fig. 3.8 Measured root stresses of thin-rimmed helical gears
with asymmetric web arrangement (5=20", mesh 2)
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Fig. 3.9 Root stresses distributions of solid helical gear (PO, £,=20°, mesh 2)
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Fig. 3.10 Root stresses distributions of thin-rimmed helical gears
w0=20°, measured, asymmetric web, mesh 2) [1/2]
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Fig. 3.10 Root stresses distributions of thin-rimmed helical gears
(8=20", measured, asymmetric web, mesh 2) [Continued, 2/2]
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W C b, BRI TE(ERNEZR Y, F/p IZH BTN 2 Z 3 bnd. Zhid, — KOS
AR THAIEIHR Y = 7S T T IXE OS2, V AMOERENRE DI LiItkd e
BExbhb.

© =700 Solid gear (Mesh 1) © 700 Solid gear (I\/iesh 2)
% —e— =%, b,/b=1(P0) % —O— =, b, /b =1 (P0)
x Asymmetric web (Mesh 1) x Asymmetric web (Mesh 2)
£600" _o— | =2m, b, /b =025 (PB1) 2600 =) —om b, /b=0.25(PB1)
g —e— I,=1.5m,,b,/b=0.5 (PB2) g —0—1,=1.5m,,b,, /b= 0.5 (PB2)
= = ® —o—1,=1.5m,,b,, /b = 0.25 (PB3
8 o0l —*— h=1:5myb, /b =025 (PB3) P % 500 (PB3)
0 17}
B S /@
o)
= -400 e = 400
> >
& —300 A S 300 //Q////::::Z
= = /
-200 ,/’/// A 200 z /////9
//i/ m,=4 m,=4
-100 2,1 2,=24/36'] 100 2,/ 2,=24/361
fo=20° $y=20°
b=30 mm b=30 mm
0 200 400 600 0 200 400 600
Circumferential load F;/b N/mm Circumferential load F;/b N/mm
Fig. 3.11 Relation between circumferential load F/b Fig. 3.12 Relation between circumferential load F/b
and maximum root stress Gumqy (=20, and maximum root stress Gpuqx (5=20,
measured, asymmetric web, mesh 1) measured, asymmetric web, mesh 2)

l,=2m,, b,/ b=0.25
Mesh1 |/,=1.5m, b,/b=0.5
1,=1.5m, b,/ b=0.25

l,=2m, b,/ b=0.25
Mesh2 |/ =1.5m,b,/b=0.5

l,=1.5my,,b, / b=0.25
1.0 1.2 1.4 1.6 1.8 2.0

Gtmax/ (O-tmax)solid , O_cmax/ (O-cmax)solid

|I'||I

Fig. 3.13 Effects of contacting surface on maximum root stress increment ratio
($=20", Asymmetric web, mesh 1 and 2)
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¥ 3.13 1%, ¥ 3.11,3.12 £ VR 7= F/b =588 N/mm MMEH T 256 ORI IERFR 7 = 7313
DSV L« T = TR S O KE TSN G / (Gnad)sotia [(Tmar)sotia © — A HLO Gy, mesh 1
DY) B E D Oumar ! (Cumar)sotia L(Tumar)sotia © — A HLD G, mesh 2 DIGE] Z bl U TRT . 3.13
£ 0 Gpax | (Cpa)sotia V5, WU L, by DI & L BITHERTHZ EBbnd. £z, [H—1, b, TIT,
Oimax | (Tmar)solid & D B Oemar | (Ceman)sotia P I DK E < 72 0 Z OHIMEIE 1A 12~14%THH Z L0130
D . REERCTHWZERIZTIEHEE T, PB3 O%AIZIE, Gua / (Gnar)sonia 1%, mesh 2 Tl 1.48, Mesh
1 TIE1.66 EN7e ) KEL 2D, ZDOZE LY, G/ (Cpa)sotia (%, mesh 2 LY mesh 1 DEFEDIEH
MRENDOT, BRI Y = 7S T 1 X 3o o #l TR EE X, mesh 1| O HIC L > THEL SN
5.

3.3.49x JHEEDEE

3.3.3f1L 0, MAEWVEEDN T = 7 OO W IENEIZ 72 5355 (Mesh 2) & D G W EED T
= 7RO WMERIZ 72 5555 (Mesh 1) DIE D DK TCIS IR K E WD T, ¥ = TGO E G
T IS T = THEE OFER & IERITR Y = THEE D Mesh | DFER O 5.

3.14 1%, ERIESRY = TSI IE W (1, = 1.5m,, b/b=0.25 (PB3)] , WAXIFRY = 71
EXTIERE [, = 1.5m,, b,/b=0.17 (PA3)] X —KIXTITHFUIZMJE T F/b = 588 N/mm HMEH
FTHHAOWITIE N & i LU CORT. X 3.14 X 0, A. side DEKETTIEN Comana, siae)lE THERFERFR 7
= THEE, AR Y = TR, AT TIE OB/ & < 22D DITRE L, Ob. side D KHTTi 7
Oomax(Ob. side)l o, TRRFR D = TG, —MITT 1T H, MRIEPR Y = 7S 1T X HONEIC /N S
KRBT N5,

3.15 1%, F/b =588 N/mm MEA T 285412, [X2.16,2.17, 3.7 O TG540 £ 0 Red7-—1K, %
A Y = &I X9 IS H (Part PA1~PA3, Part PB1~PB3) DA WLE CTO M i 11504 %
RTLB05 K0, L, b, DD E LB, WEESOE TS OZENERT D Z EnNbns. £72, Ob.
side DISINE, ST = THEE DA, I FIEE 0ITRDR, BT = THEDOEREIZIE, Yo
FO@mM< R ENND.

B43.16 1%, [%12.19,3.11 £V RO 7T TN HIKE T D e KK ITTI T O & FIJE ) F/b DERZ
AT X316 KV, O 1, —{4<w$®tﬂ/\ I, F/b \ZERB LTI 2 OIcx LT, xR = 74
R L OISR Y = 7RSI TIE R O AIE, F/b ([ZHBIES 1, b, DD & & BITENT 5 2
EMOMND. ThUE, —RIET iwﬁ@iﬂ/\ HA_THEA Y = 7HIEITTIEREOLEITE, U A
DEFBENRKEL DI LICLDEEZLND.

317 1%, &YV LAES - U= 7RI OFRKFR « FERRD = THEE LTI B B K o 1k
Oemax | (Cemar)solia 2 FLHE LU TR, 3.17 59, Gumar / (Cemar)soria 1%, WT 1, 1, by, DD & & HIZHE
RTyHZ L, £, F— L, b, THIENHT = THEEDIZ O BRFRY = 7THEEDZE LV 22720 K
TN LD ND . KEBRTHN I TITEED 0uar / (Cumar)solia 13, Ly = 2my, by/b=0.25 DEEITIT,
KR = THEEOSE TIX 1.03, FEXRFRY = 7 HEE DA TIE 1.29, 1, = 1.5m,, b,/b =025 DEEITIT,
KRD = THEE DA TIX1.25, ERFRY = THEE DG TIL1.66 £ 202 e ) KEL 20T, soih
FIRERHCBWTHEELZET S,
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Rootstress o, MPa

Root stress ¢, MPa

-800 ﬂo=20°

600 kol . Trailing side
Solid and thin-rimmed gears (Ob. side) Measured
-400 . )
— ly=,b,/b=1
-200 w » Mw
(Solid gear)
-800 —a— [,=15m,b,/b=017
-600 (Symmetric web, PA3)
-400 —e— [,=15m,b,/b=0.25
-200 (Asymmetric web, PB3)
-800 A.side: Acute side of face width
-600 E Ob.side: Obtuse side of face width
-400 o A: Beginning of engagement
200 @ B: End of engagement
Q P: Pitch point
-800 £ poi: Transverse base pitch
©
~600 s Position of max. stress
-400 % y W= b,/b=1(P0)
200 w| | L=2m,b,/b=0.17(PA3)
800 y lI,=15m,b,/b=025PB3)
-600
-400
-200
Root Pt IJ, I Pyt Tip
Ea Pt | ! g/fpbt
Positions of engagement
| — —
| | | ]
Poe 0
No.of meshing tooth pairs
Fig. 3.14 Effects of web structure on root stresses (5,=20", measured)
-700 ——— ‘ =700 !
(Solid gear) - © Solid helical gear
—*—,~=%, b,/b=1(P0) o —e— l,~o, b,/b=1(P0)
(Symmetric web) = s mmetﬁc web v
-600 —®-,=2m,, b, /b =0.25 (PA1) | % -600 R 2omy b,/b=025 (PA1)
—a—/,=1.5m,,b, /b =0.25 (PA2) g€ --m-- [,=1.5m,b,/b=0.25 (PA2)
—a—/,=1.5m,,b, /b =0.17 (PA3) ¢ --B-- [,=1.5m,b,/b=0.17 (PA3)
'\ (Asymmetric web) n Asymmetric web
-500 —e—/,=2m,, b, /b = 0.25 (PB1) @ _50o| —®— h2m, b,/b=025(PB1)
| —e—I,=15m,b,/b=05 (PB2) % To om0 8
~.| —e—1,=1.5m,b,/b=0.25 (PB3) 2 ®— =1.5my b, /b=0.25 (PB3)
o
-400 R S -400
) =
~ S
—= - *\— SN E
-300 ~ x -300
\\ N E
AN \\\
- N \ -
200 IBN 200
\ \\\
F,/ b=588 N/imm R s o
-100f m.=4 ) -100 Y 2,= .
2,/ 2,=24/36 W\ Vs %1 2=24136
fo=20° \ f=20
ol_b=30mm b=30 mm
End Middle End 0 200 400 600
(A. side) (Ob. side) Circumferential load F;/b N/mm
(Web side of . ) ] )
asymmetric gear) Fig. 3.16 Relation between circumferential load F,/b
Fig. 3.15 Root stresses distributions at the worst and maximum root stress e (=20,
meshing positions (F,/b = 588 N/mm) symmetric and asymmetric web)
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B4 318 1%, BV LES « U= 7RI ORI « HRAPRY = THEEII T IR EOE R W W
[(Wing : —RlEOERE] 2/7R/7. X317, 3.8 DFFR LV, AR THW- X 5 A Y =~ TG
FTIEHREOH AL, MEOK T2 H/NRE L CTRE(LZ 10D 72 1, b, 1, HARFR - JExt
MU = 7HREE IR 1,=2m,, b/b=025 THDH EZ 2 bD. Ik, V= 7HEE L CIxFiEsE
DIE D BIERAPAEE DG E LV IREOHE TIEAR & 25720, ERAPMEED T = 7 OHiE 7 AL
EIXATREZR IR Y BiE R E ST 2 ONEE LN b 0 EBbils.

1,=1.5m,, b,/ b=0.25 (PB3)

Solid  |W=%, b, /b=1.00 (P0) .
I,=2m,, b,/ b=0.25 (PA1) -
Symmetric
wop |15 by /b=0.25 (PA2)
I,=2m,, b,/ b=0.25 (PB1) _
Asymmetric
web I,=1.5m,, b,/ b=0.5 (PB2)

08 1 12 14 16 1.8 2

) . . . Iemax | (Oemaxdsoli
Fig. 3.17 Maximum root stress increment ratio Gemax / ( Oemax)solid

(Symmetric and asymmetric web, F/b = 588 N/mm)

With I,=2m,, b, /b =025 : : |
symmetric | /,=1.5m,,b,, /b =0.25 : ; ]
web 1,=15m b, /b =017 : ]
4 - n=w N T ;
With 1,=2m,, b,,/b =0.25 |

asymmetric| [,=1.5m,b,/b =0.5 |
web 1,=1.5m,,b,,/b = 0.25 |
0.4 0.5 0.6 0.7 0.8
wi Wsolid

Fig. 3.18 Weight ratio W/ Wy,;,4 (Symmetric and asymmetric web)
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34 #E
AREETIE, 12 UNAL=20 RN FERFR Y = 7RSI T T IZHE EO W T/, o N RIETNBE
W LY = 7SO B OW TR Z A - SN EREEZENTLELUTOEEY T

Hb.

(1) ERIERFRY = 7HEE X T IX OGO 2% mesh 1 (Mesh 1: 22 EWEED T = 7]

2

3)

“4)

®)

(6)

0

®)

DOIESIZ 72 D556) OEGAE T, Uo7 Wb 50 SAaR:A. side) O HRbEGD A TS /)
Oemax(a. sideyl &> 7 = 7 372 MAL (BA{R]: Ob. side) D BEMES D Gemaxob. side) = ¥ B KR E <, Cemax(a. side)
%, VARSI, U7 EE b, DO E L BITHKRT 2 DITH L, Gomaxob. sidelF, WD T 5.

HRFEAPTRY = 7RSI TIX B O A WV E 7Y mesh 2 (Mesh 2: WAE WO T =7 D
IRl DOBRIESRIZ 72 D5 6) OBETIE, U =7 08720 Ml (AL side) DHEIRNGTD Gmava. sigelF, ¥
= 7] (Ob. side) DBFMEYHED Gimaxon. sidey & 0V BRE L, F72, MEMEN CTIX, G 1, Ly, by DI
L HITHRTS.

HRIERFRY = 7S IX TR D 0,0 DRAET DDHEVILE (BENAEWVLE) X, 70
A WHTIE2S mesh 1 DA TIE, Vb vV EIICEOLTE v FAnHEVNLE [HE
HROE y FRICRDNHEVLE (P)] I8 5. — T, AEVEHE D mesh 2 DGHTIX, 7
= T TEE RN b, /b=025 (b : HlE, PB1, PB3) TIE, Oy 1T P AHTICIAET DI L, ¥
=7 BENGE b, /b=05 (PB2) TiE, P LV FTHTHLEALZNAEGWVLEICRD.

HRIERTRY = TS ITTITE E DG, 1E, Vb - 7 7 EIICED LT OT OIS
[l TH,A. side tHE AT ITIZHET 5.

HRIEI Y = 7RSI TIEEH D 0,0 1F, —REHEDOAIZIX, FJES F/b ] LTI
TAHDITK L, R Y = 7HEE T TITE EOBRAITIEL, WTHONLEWET Th, BRI
e_RTERN R D (eI L7RVY).

WAIERFR Y = 7RG T IX WO 56 T, HRKE TS TN Gy / (Omar)solia 1%, mesh 2 X
D mesh 1 DIED BRENDT, HRANIIRY = 7HEE T SIXHE O H oo (778 1E, mesh 1
DWHIZ L > THE SN D.

AREBRIZHNTZIER - AL TIZEE D A. side B D Oomaxa. sido) L, FERIFR Y = 7 M, SHFR
U = T, R E ORI/ NS < 225 DIZKE L, Ob. side BHIENGD Gupavon. sidel L, XHFRY =7
WG, —(RHEE, TR = TG DI/ S <72 5.

AT = TREE X TIEE E O B K TTI S TEIINER Gumax / (Cemar)solia 1y Ly = 2y, by/b =025 DIFE
WX, SRR Y = 7S T 1.03, FERRR Y = TR CIE 1.29, 1, = 1.5m,, b,/b = 0.25 DGEIZIE,
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KPR = 7HEETIE 1.25, JERFR Y = 7HEE TIiE 1.66 £ 0 KEL DD T, thEO#h i
FERFHIBWCOEELZET 5. MEOK T2 R/NRE L TRE(MEZ I DY 1, b, 1, A
KPR« FERITFR Y = TREE TIIIIT 1, = 2m,, /b =025 THDH L EZBND. B, V= 7THEE
&L TUIRPMEIE DX 2 DI FEE OGS L 0 IREOE CITAF & 25728, IEXIPiEE
DY = 7 OWBETTAALEILTREZR R O iR P RSIT DS 2 OREE LV b D L bbb,
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F4E BRI IBEITEIEEOEITLAICRIZFITRLNADEE
(5=10,20, &KLV 30°)

4.1 #

552, 3 FCIL, A UL B=2000 AXRIFR « IERIFR D = 7R E L TIX IS LT, FRANART NS
WIFDO B ICIG 12 BE L, MAEWVOHEITIZ E © 72 5 FIehs T OEAL, e K TTIES T Opmax DIFEET
DIDHENIE (FENHEVNLE) , RRKETISHICKIET Y AEE, v 7EE, hAEWEH
BLOU 2 THEEDOREBIZONWTH LN L, WY = 7 HEE X915 B0 oo il i B ) F I
FCTEDHVLES, Va7 EIBIOU = THEEIZOWTHRF Lz, 3T IXEEOENAE VR, B2
iR O X, 1ER i EORfRE S, 20hAAVESB IO ESHEERR SITR UNAICKRE <K
FLTW5. REROMFZE4~ O, ERIXTIZREO W Tt , #iFmELR SIckiEThRthAao
EEITRESINTODEN, R Y = 7HEEIXTIEREO# TSN LT TR UNADOEEITIZ E A
ek =RV (I GAVAJ /AN

—WREIIZ, B=10°020 30°DER Y = THEEITTITEENS L EH SR TE Y, 2o om il
BRI, EEIC )T A M H R UGERIE EZ N A - & LT, SElEIC R L TR bz
EEHZ SV TITh LTV A%, Z OEBIEA1T 5 -0 OREREE LT, 1T TIEHF O Y P
WKk L CRHBE SN DIt ) & EZBEOIXTIEREDOH LI ) & OHEEZ BB T 57200 UAalk
¥aANBER TR Uan L, A Y = TSI TIEE EOE IS RREE, U AJE S A
T U LER RREES) OEBEMEKL, ENETIEEEOREG L IIREL L2500, EAWRE
DM TS NFH RN E EREMA Y = TSR EICEAT 5 Z E3RER S L B NG, ZDD,
N Y = TREEIX IR E O # ol T TR R FE A ML T D72 DI, LS N RIE T R LA DK
BIZOWTHLNCTHAZEDNEETH 5.

ARETIL, =10 BL O 30°DHER 7 = 7RG T IITH FITK LT, FFRNAM NG WO H /)
ZREL, DHAEWVOEITIZE b 2 Rt I DE, FENHEWVILE, RIS KIET Y
LAEES, V2T EIBIOY = THEDRBICOWTHRFNZIMAS. 2L ER LV R=20005
G L DOEBREF 21TV, S KE TSI RIETRA LA LY = THEEOFEIZ OV TH LML
TW5.

i

4.2 EBRAEBSURBREE

4.2.1 REREE

Lo=20005 A Y = 7RI IRt L AR, AT Y 2 — b m, = 4, WEAEfAa, = 20°, ik
z1/z = 36/24, B b = 30 mm/35 mm D F=10 35 L O 30°DHEA 7 = 7 1t B0 i e S E L
I TIER R O EH LB L O BRS VRO EERIL, £ 41177, Y = THEEORB
DOFLR EHEIR 22 1R LTEY, Y = 7RG 32 (DR LEE. VARS [, V=T7ES
b 13 A=20°H A ¥ = T HREI T X W OB A L[ L Th 5. — (I HE L MR O WS RIE L
LD T2V FREEAAT O L OICBRIT TR Y, TOFEMIC OV T 2 D 2. 2. 2 fi T~ T /e, &
BREFHIA T OFET, TS OFEEITIE IS 4% CHISN8#k) BETH .
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Table 4.1 Dimensions of test helical gear pairs

Normal module m, 4
Normal pressure angle o 20°
Number of teeth z1/ 2y 36/24%*
Face width b mm 30/35%
Transverse backlash Jr um 640
Helix angle Do 10° 30°
Transverse module m; 4.062 4.619
Transverse pressure angle o7 20.283° 22.796°
Base helix angle Do 9.391° 28.024°
. d; mm 146.222 166.276
Reference diameter
d, mm 97.480%* 110.852%*
L d, mm 154.222 174.284
Tip diameter
d,, mm 105.480* 118.856%*
. dpy mm 137.154 153.292
Base diameter
dp, mm 91.436%* 102.210%
Transverse base pitch Dot 11.969 13.377
Transverse base backlash Tt 600.315 590.010
g;;iﬁgf angle at the pitch 21.326° 23.519°
Center distance a mm 122.696 139.314
Length of path of contact L 16.966 16.197
Transverse contact ratio Ea 1.418 1.211
Overlap contact ratio &g 0.415 1.194
Total contact ratio & 1.833 2.405
Material S45C
Accuracy JIS Grade 4 (N8)

*: Driven (Supporting) gear

4.2.2 BTt J1AE

dHH R 2.3 1R T ERE R AR G VR I 72, Ny 7 T o DRRGE, D BRRER
ER L UEHPHZ X282 72 0 RIS DUW TR 2 72 2. 2. 2 HillZiR 7z,

B TCIS BITENT & 2 #2720 FEE I KON 8l HLE 3 O g oIS T RIE X ONT B S — DRI TRIE
L7z, O BT — P OBENEIL, Y - 7EOHA T, K28 I1IZRL, MY = 7HEDS
ATIE, K 33@ITr L. 41 1E, oS AHEIC AW T4 T B WLE 2 VR ] b 42l
TRT (L= 10°DEfFR@O~AD & {=30°DHEAREO~W TITFEEMA 1° FFRET, £ Ofhos Tk
20 fifEE L), SRR ROy F AR HALE ORI D ( /=10°DHE) £7213® ( £=30°
DOEE) ET 5. L=30°DEE TIE, MBHREWERDAOHEMEGA> B SR 0 s g G 5 T O BEfbRRI% 7
WO THITITIRBEICHEN B L B2 HivD. eI REIC W FR AR 076 O BRI, &
DRkdR, FEERTIEZR IOV 2 B 2. 2. 2 HillZR R Tz,

42,4313, f =10 B IV 30°DHEAN Y = THEIE L SITE O TS HED 7 v — K2R
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ATNEE: AN RS
mn;4“‘ \\ \ \\\\\\\\\
2,1z, =24/ 36 z,/ z, =24/ 36
Bo_=1 ’ B
(R \ 3QWT\ :\\\
AR \\\\\\\\
[REAEIINIE
\ RRA \ \\
W \ ”4\
\
AR q
@ p,=11.97mm (P)! D p,= 13.38mm \ (P)
&,Pp=16.97 mm &,Pp=16.20mm
Beginning of End of Beginning of End of
engagement engagement engagement engagement
(Root) (Tip) (Root) (Tip)
(a) fp=10° (b) £=30°

Fig. 4.1 Contact lines on the plane of action used
in measurement of root stresses

4.3 EBRRBIUEER

4.3.1 BRI T (X HER DO WEITIE A

4 4.4 1%, f=10°DOFRER D Part PO (—{KH ) (Z[JE 7] F/b = 196, 392, 588 N/mm (b=30mm :
HE) 2MER T 2 BB DINBEWIED N D NBE WD Y £ TOWH TS ORIEM & FH5E 2 ik L
TR 4.5 1%, f=30° DR D Part PO (—{KBH) (CMJE ) F/b = 196, 392, 588 N/mm
(b=30mm : HiE) DMEAT DHEEDODHBE VIO NS NBRAE VIR D £ TOW LI OREME & F
BEZE L CORT. K44, 4.5 FOREEHL, DA WVNE & DHRE D Ext 0%, X i
BroTnah. Fi, FHEEIIAR - fHEFESYZ ARz b 0T, BIEEILRE ST
OPTRICY VR E=206GPa ZF L TRKDZ LD THD. K | X Oppae BAENEZ T, SO
W & O T ANELAIT R 5 RS 2 Acute side (A. side), #4272 5 #iENH % Obtuse side (Ob. side)
LTS, [X44(a), 4.5@1ITEHPHT L DY 72 MR AAT - 1o O e J1OREE & FHREAE O
etz md. X 4.4(a), 4.5(a) £ 0 BARBNZ R TIS DREMITFHRAE & R & <20 i ExhI 2720
LTCWDIRETH D Z Evbnd. X 4.4(0b), 4.50b)%, oo/ DHIEIC X 2272 0 FHEE2 10 BT
S T2 O T TR EE & FHRAE O i 2 7R3, X 4.4(b) £ 0 f=10°DFRER B HL.D Part PO HIE i & &
BEITIEE-H L T DO THENIF S0 LT entExohb. X 4.50b)& 0 £=3000i 5k
B HLOD Part PO O A. side d g i F0 & OV S D # o bt 7 IE A & FHRMEIZIZIE —B L TV 2 25 fi g
RAHL LD Ob. side SRS IO72 > TH LA O B TS HBEM & FHREIX B L ThnZ &b
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Measurement of center distance a

Adjust tooth tip
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Root stress measurement of solid helical gear part during static
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Fig. 4.2 Flowchart for root stresses measurement of thin-rimmed helical gears (£=10")
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Fig. 4.3 Flowchart for root stresses measurement of thin-rimmed helical gears (5=30")
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Fig. 4.7 Measured root stresses of thin-rimmed helical gears with
symmetric web arrangement (4=30") [Continued, 2/2]
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-53

Ob.side: Obtuse side of face width



-800
-600
-400
-200

-800
-600
-400
-200

4,=20°
[ Solid and symmetric web gears

=T e
Nl

Trailing side
/(Ob.side)

-800
-600
-400
-200
-800
-600
-400
-200

Rootstress o, MPa

30mm

-800
-600
-400
-200

Root

Face width b

Pyt b ! Pur Tip
EaPbt EpPeot
Positions of engagement
= = =3
T 1 1 ]
Pot 0
No. of meshing tooth pairs
(b) =20
£=30°

Solid and symmetric web gears

Trailing side (Ob.

Measured

-e-/,=x b, /b=1(P0)
——/,=2m,, b,/b=0.25(PA1)
——/,=15m,b,/b=0.25(PA2)
——/,=15m,,b,/b=0.17 (PA3)
A.side: Acute side of face width
Ob.side: Obtuse side of face width
A: Beginning of engagement

B: End of engagement

P: Pitch point

Py Transversebase pitch

Position of max. stress

‘1, I,=*,b,/b=1(P0)

\1, l,=2m,,b,/b=0.25(PA1)

J, l,=15m,b,/b=0.25(PA2)
\1, l,=15m,b,/b=0.17 (PA3)

side)

Rootstress o, MPa

30mm

Face width b

Leadingside
(A. side)
Pot J é ‘ Pot Tip
EaPot €5Pnt
Positi fengag t
| ositions of enga elmen 3

Pot

No. of meshing tooth pairs

() fo=30’

Fig. 4.8 Measured root stresses of solid helical gear and thin-rimmed helical gears
with symmetric web arrangement (F,/b = 588 N/mm) [Continued, 2/2]
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Fig. 4.9 Measured root stresses of thin-rimmed helical gears
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Fig. 4.10 Measured root stresses of thin-rimmed helical gears
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Fig. 4.11 Measured root stresses of solid helical gear and thin-rimmed helical
gears with asymmetric web arrangement (F,/b = 588 N/mm) [1/2]
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Fig. 4.12 Root stresses distributions of solid helical gear (5,=10")
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Fig. 4.17 Root stresses distributions of thin-rimmed helical
gears (=30", measured, asymmetric web) [1/2]
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Fig. 4.17 Root stresses distributions of thin-rimmed helical gears
(4=30’, measured, asymmetric web) [Continued, 2/2]
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Fig. 4.18 Root stresses distribution at the worst
meshing position (£, /b = 588 N/mm)
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4.3. 5 BAERIGAICRIET IV TRBES L UR ChADEE

4.19 1%, [ 4.6,4.9 XV RDTZ[=10°OERFEXR Y = 7HEEITSIT 0 E (1, = 1.5m,, b,/b =025
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> T, —REE, FEAFRY = TREEDNAIZ /NS < 720, Ob. side TIXIX 3.14,4.19 2R L724=10 5
L2004 & Rl CEm 2R
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B: End of t
—=— |,=15m,b,/b=017 { l,=15m,b,/b=025(PB3) = chh°p§irr‘]?ageme”
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Fig. 4.19 Effects of web structure on root stress (=10")
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Measured Position of max. stress A.side: Acute side of face width
L =ew b./b=1 y = b,/b=1(P0) Ob.side: Obtuse side of face width
(wSoIid,g(-:v‘Var) \ l,=2m,b,/b=0.17 (PA3) A: Beginning of engagement
—a—  [,=15m, b,/b=017 ¥ l=15m,b,/b=0.25(PB3) ,'2: Ei':fh";;';?agemem
§Syr?rgetricbw?% F"332)5 Py Transverse base pitch
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Fig. 4.20 Effects of web structure on root stress (5=30")

421 1%, AEBRICHWEAER Y = 7 HE XTI = oo TRIER S L 0 Kb 7= e Ko
S TTHEINZE G | (Cemar) solid L(Cemar)sotia: fo=20°—1RIZTIERH D 0] VL V=T EE, 727
HETHIE L ORT. 421 £Y 0una/ (Cumar) sotia 1, 7 = 7 HgiE 2 i3 2 & 1, =2m,, b, /b=10.25
DHEEPRB/NEL, R =7 X0 XD = 7 OLEDIEI /NS N Enbrd. £k,
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Lo=20° DI L » CTHFsE DM LRI cE s E2 6N 5.

4.3.6 ZEMLIVICRETRLhADEE

AREBR T, FRAJAM DA VVIRERIC X 2 i oois DRIE &2 1T 5 e, AR Y = 7SI I EL
MED (y FHE ETORMERES =Y OfE) F/b= 196,392 & 588 N/mm % 5-2 5. %&btk
HIDOEY 2— VIR L TH LA, By FHER (P.C.D.) 1F87R5H. £ T, L=2000H 2 it
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ELT, Bml0 & 30°OHWEDP. C. D.ERLIZL, MR —EDHRAED o BT 5. X 4.22
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Fig. 4.21 Maximum root stress increment 1atio Gumax / (Gemax)sotidp=200 (F¢/b = 588 N/mm)
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Fig. 4.22 Comparison of oyyax / (Oemax)soliap=20° between constant F;/b and constant torque
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I IRERNITTIE O AITIE, f=20°00AIC L > THITREDM AR TE 552D
no.
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;foﬁ’m:ﬂ%L XTIEREORM « SFEZRT. Hl M 30°0E 0 &2 —RIZ T I EL, %0 330°0

X 52 1R T 1, byl RIVINL L7z, — R s 0 13 s B O o 4 7 0 JFE 24T 5 72

IZRRITTHRY, ZOFEMIZOWTIEH 2 82, 2. 28 TR R T\ o iR o IR 700 OE £ T, £
O OREEEIZIA IS 458k CBr JISN k) BETH 5.

:nm

-76 -



(a) Symmetric web

Web side Opposite side of web

(b) Asymmetric web

Fig. 5.1 Photographs of test gears used in bending fatigue test
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PartPA1, PA2 or PA3

J— /—
=
b, / \
=N ml-\

o|oee T T

B /

=0

Pan PO /
30 To

Gear part sign PO PA1 PA2 PA3
Gear structure Solid Symmetric web
Rim thickness l,, mm oo” 2m,,** 1.5 m,
Web thickness b,, mm - 7.5 5

“oo: solid gear

*k
m,: normal module

(a) Symmetric web gear

PartPB1, PB2 or PB3
— _— _/— ~\
b, // \
5 19y 4 — & L}"
RS 133 .
i Zé |
22/ \ »
« * 30 ~ /
Part PO
''''' B N
30 To
Gear part sign PO PB1 PB2 PB3
Gear structure Solid Asymmetric web
Rim thickness [, mm oo” 2m,,** 1.5 m,
Web thickness b,, mm - 7.5 15 7.5

“oo: solid gear

kg
m,: normal module

(b) Asymmetric web gear

Fig. 5.2 Shape and geometry of test gears used in bending fatigue tests
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@ Fixing flange
@ Test gear

(@ Supporting gear

@ Torque pick-up

® Torque generator
® Automatic stopper
(@ Pressure controller
Injection pump
@ Counter

" Hofer’s critical section
No. 1, 2, 3 : Strain gages

(a) Symmetric web gear

Compressive

Hofer’s critical section

n
A.side k \.
(Web side)

No. 1, 2, 3 : Strain gages
(b) Asymmetric web gear

Fig. 5.4 Positions of strain gages
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Start |
v
Preparation of test gear (Line scribing,
strain gages bonding etc.)

v Setting of pitch point meshing
| Gear pairs assembly | position and tooth bearing
r------------------n----\{\§&£€e——-——~ "~~~ -~ -~ -~ -~ -~ - -~ -~ - -~ -~ -~ - "~ "~ "~~~ o TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
+‘

Setting of transverse backlash j,

v

NO . o . .
j,= 640 um Adjust the position of supporting
gear pedestals
YES": A

| Measurement of center distance a |

i y NO Adjust tooth tip
i W distance of test
| gear pairs

YES

| Tooth contact marking check by using red lead |

NO
Equal along the tooth trace
YES
Tooth bearing by means of
R measurement of root stress_

Root stress measurement of solid helical gear part during static
load test (Circumferential load F,/b = 196, 392, 588 N/mm)

v

Comparison of measured and calculated root stress by
Kubo-Umezawa method

v

Measured = Calculated

NO Adjust the position of supporting
gear pedestals

| Bending fatigue test of thin-rimmed helical gear |

v

| Judgement of tooth breakage |

i ; g

¢ YES | Change the circumferential load

NO

| Bending fatigue limit load is determined |

e e === * _________________________________________________________________ 1

Fig. 5.5 Flowchart of bending fatigue tests
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5.3 ERBRBLIUEBE
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X10° ZBATHENIHR LARWEE LR X 5.91%, s sk 5 & v ko 7= flnF g 57 R
HE, 27T, X58,59 XV, F, 11, b, 0D E LI L, Y =7 OBETIE, —IKEED
5ier K0 PAL @ Fy 1359 9%, PA2 X° PA3 D Fy, 13K 19%80 2 Z L dboinsd. —75, MY =7
DA TIE, —EHEEOEA XLV PBl B L PB2 O F, 13K 14%, PB3 O F,, 13#) 19%8/ 2% Z &
s K59 XV F, 0%, ®HY = 7HEDOLEIIE, L, =2m, £V 1,=1.5m, OHHEDIFE D PR
TAREBRIZHW . L9 Ry = 7HEIXTIX OGS T L, > 2m, #8572 Z &I X - THlnFis
Eom s tEseEZEx200D. —J, MR = THED F, 1%, HHNY L - BNy =7 %%
DPB2 DLAITIE, PBl LR CAC72 D D TL, < 1.5m, ZBRAT 254, U =7 OWET ML E L ATHE
PR D SR RS 5 LT RE DR LA TE 5B HND.
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Rootstress o, MPa

Rootstress o, MPa

-800
-600
-400
-200

-800
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-400
-200

-800
-600
-400
-200

£y=20° [, =, b,/b=1]

Root

Solid gearpart of PA3 ;(rglkl)l?gijge Calculated
Fi/b=196N/mm
— — 392N/ mm
o E— 588 N/ mm
Measured
e F/b=196N/mm
L] 392N/ mm
A c ° 588N/ mm
iy Middle g A.side: Acute side of face width
() ™ . . .
L] Ob. side: Obtuse side of face width
% A: Beginning of engagement
< 03) B: End of engagement
B S P: Pitch point
w Py Transversebase pitch
Leadingside
(A. side)
Pot |é ‘ Pot Tip
EaPpt m EpPot
Positions of engagement
= = =3
T I I IO

-800

Pt

No. of meshing tooth pairs

Fig. 5.6 Calculated root stresses and measured root stresses after
tooth bearing by using red lead (Part PO of PA3, £=20")

£=20° I, =, b, /b= 1]

Trailing side
-600 I Solid gear part of PA3 f
400 /(Ob.side)
-200
-800
-600 A g
400 - Middle &
-200 ]
- Q
<
5
2
~ B g
@©
[T
-800
-600
O
-400 cmax Leadingside
-200 (A.side)
Root Py 1N Pux Tip
EaPpt m EpPor
Positions of engagement
— — —3
! : =

Pot

No. of meshing tooth pairs

A. side:
Ob. side:

Calculated
Fi/ b= 196N/ mm
392N/ mm
588N/ mm

Measured
F/ b= 196N/ mm
392N/ mm
588N/ mm

Acute side of face width
Obtuse side of face width

A: Beginning of engagement
B: End of engagement

P: Pitch point

Py Transverse base pitch

|: Position of max. stress

Fig. 5.7 Calculated root stresses and measured root stresses after tooth bearing
by means of measurement of root stresses (Part PO of PA3, 4=20")
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Circumferential load F; kN

w
(o))

—O— Solid gear
(Symmetric web)
34 O IL,=2m, b,/ b=0.25 (PA1) |
—&— [,=1.5m,, b,/ b=0.25(PA2)
—&— [,=1.5m,, b,/b=0.17 (PA3)
32 (Asymmetric web) i
--©-- |,=2m, b,/b=0.25(PB1)
--©-- I,=1.5m, b,/b=0.5(PB2)
30 --©-- I,=1.5m, b,/b=0.25 (PB3)
N
28> ¢
RN
AN
26 \\\lf)
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A
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[ ]

NN
N B
7
/
/
/
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|

s
O
f

\\©\ \. @K -
~3 \ N
20 oo N
n ANC) %
18 ﬂ0=20° \;__@ [——
m, =
16 2=36 ~
b =30 mm
14
10° 10° 10’
Number of load cycles N
Fig. 5.8 Bending fatigue tests results (S-N curves, $3=20)
Solid| /,=°°, b,/ b=1.00

PA1

I,=2m,, b, /b=0.25

PA2

1,=1.5m,, b,/ b=0.25

PA3

I,=1.5m,, b, /b=0.17

PB1

1,=2m,, b,/ b=0.25

PB2

1,=1.5m,, b, /b= 0.5

PB3

1,=1.5m,, b, /b= 0.25

U

10

12 14 16 18 20 22 24

Bending fatigue limit circumferential load F;, kKN

Fig. 5.9 Bending fatigue limit circumferential load (£=20")
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S.3.3MITEFERICRIZFT VL - Dz JESELIUI TEEDEE

5.10 1%, X 5.8 DS 57 BRI OXIPR T = 7R E O M 97 & HOFRAE - ERRLOG 2 B H
BLOA TARNTRT. BATTERPRE LI WS, 77 —F = v 7 (EMEEZ R - Wik
\ZB D) Ik 2 E# R EToT2. 201, —HOFETIIEHPRETRLTND. K510 £V
it % 55 & 243 PA1 T3, A. side, Ob. side & 1 Hofer bR VT 1242 U, g2 IAzIET 5 2
&, PA2 TiX A. side @ Hofer faRIEri i L 0 34 L, g R LOU L2402 G misiE 4
% Z &, PA3 Tl A. side ¢ Hofer a1 Ur & Ob. side OHJEAFITIZA U, Ry TG
X503 D. 728, PA2 IZBWTIRY AEENT = 7EIZHRTHE WD, ERHOMERE
B HtE PR T R EIL L b D EBEXLND.

5.1110%, X 5.8 O TR BRI OIERIFR Y = 7 HEE O #T Y T & RO R4 - IR OF Z 5
BB, 7ANCrT. SAPEHTHRLIZKWES, 17 —F =y 7 (BRI Z - 8
\ZB D) BAToT2728, BETIHEHNFAILR-> TS, X511 X dhifE% =243, PB1 X PB3
TIE, Al side (7 = 7338 2M) 12 Hofer fEBRMTHE T4 U, tids K OVBlE e 2 Bk 2 s
(X3 %23 0b. side (7 =772 MAD R E TR LW Enbnd. —J7, PB2 EilF 7 & 2
I%, A. side |Z Hofer SR UTIZ A U, d 2 BIKrd 2 7 micAsiE T 2 A g R d 72V £ TLMs
ELRNWZ EROND. 728, PB2 ICBWTIRY = TEINEWZ®, & RO REEEE T HbE 0T
FELRVFEILELTEbDEEZBND.

7285, [X5.10, 5.1 2R L iP5 Ao A - ERRIMUAAOEER L O 7 2 MIfHROX
6.1~6.6 (277
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A. side

A. side

A. side

A. side

Web

Tooth surface

(a) PA1 (I,,= 2m,, b,/ b =0.25), F,= 21.6kN, N= 1.61x10°

L

=)

A. side —— ' Ob. side

Crack

Contact line

Tooth surface

/Ob. side

Contact line

Web

Tooth surface

(b) PA2 (I,,= 1.5m,, b,/ b=0.25), F,= 21.6kN, N = 7.73x10°

Fig. 5.10 Photographs and illustrations of bending fatigue
cracks (Symmetric web, £=20") [1/2]
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Ob. side

Ob. side

Ob. side

F Xé

Ob. side




Ob. side

Tooth surface

(c) PA3 (I,= 1.5m,, b,./b=0.17), F,= 18.6kN, N = 1.03x10°

Fig. 5.10 Photographs and illustrations of bending fatigue cracks
(Symmetric web, £=20") [Continued, 2/2]

AEE————— —
FETET ]
e e e T R
T e .

A. side

Crack

Tooth surface Ob. side

Rim Fe

Ob. side

Tooth surface

(a) PB1 (I,,= 2m,, b,,/b=0.25), F,=23.5kN, N=7.37x10°

Fig. 5.11 Photographs and illustrations of bending fatigue
cracks (Asymmetric web, £=20") [1/2]
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A. side

A. side

A. side

A. side

LR SR
AR/

c e i
A-.{/
A. side o . Ob. side

i 4 s = - _F F,
_ _ . N
Crack ; :
[ R ————— =~ . Contact line
Ob. side
/Ob. side
F % ?
& 30°
Web
Ob. side

Tooth surface
(b) PB2 (I,,=1.5m,, b,,/b=10.5), F,= 19.6kN, N = 7.84x10°

NS TP R TET -
&y - e
el e e e T
[ s

A. side ) Ob. side

Crack
Contact line
Ob. side
Ob. side
/
. Ft
Rim N\ =
Ob. side

Tooth surface
(c) PB3 (/,,= 1.5m,, b,,/ b =0.25), F,=22.5kN, N = 3.01x10°

Fig. 5.11 Photographs and illustrations of bending fatigue cracks
(Asymmetric web, £=20") [Continued, 2/2]
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5.4 &5

ARIETIE, fr20°0 WA Y = 7 HEE LT (20 0 I IR 4 & OV B - R RIET Y
b Tz 7 EEORBIIOVTHRET 52 L2 BNE LT, @fz@) LIRS, V= TESOEAY =
7 HERE T L # 5 L C T IR 2 AT 72 o 1. KT DE ERAEENT 2 LU TFO LS
D Ths.

(1) HERFRY = 7RSI O iR TR E F, %, U AES L, =2m, (m, : HEMAEY
a—/V), UxTEI b,/b=025 (b: i, PA1) OGAEIL—IRKEHEIZESTHI%EKTL, &6
\Z 1y, by, L 725D & 1,=1.5m,, b, /b=025 (PA2) BLW1,=1.5m,,b,/b=0.17 (PA3) O F,
3K 19%IK T3 5.

Q) ST = THEED F 0L, 1, =2m,, b,/b=025 (PB1) BLWI,=1.5m,b,/b=05 (PB2) D
AT IR ELZ R TR 14%IE T 202k L, L, = 1.5 m,, b, /b=0.17 (PB3) @ F, (3 19%
KT 5.

() MU = THEEO TS & 20X, PA1 T, A. side, Ob. side & (2 Hofer fGRRETHI U124 U
HIE SR mIET D 2 &, PA2 TlX A. side @ Hofer fG R AT L 0 %4 L, sitEdis Loty
L EYIWrd 5 T NARIET 5 2 &, PA3 TlX A. side @ Hofer falR {1 Ur & Ob. side O B JEE AT
AT, HlERRICm o TURIET D Z ERbnD. 2B, PA2 ICBW TR AESN Y =T E
ST 2, S RHOMERFEZITHIFEPRTES RVIFLELLEbDEEZOND.

4) Y = T REEO TS X 2403, PB1, PB2 B X OVPB3 T, A. side (V=7 RH 5] 12
Hofer fefRITHEATITICAE U, B J OVEIE H I 2 G194~ 2 5 0IARIE T 5 2% Ob. side (7 =773
PRMAD HEhENE E CTRIE L. 223, FERFRICE VLTI, v NS INET LT DT
U 7 PRI ERHOEREENES RVEIELIZbDOEEX NS,
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KREwSCE, #A Y = 7RSI TIX O e i TR G 21T O 72 D O G B & 15 5 72 D127
Rol-bDTHD. RUNAR=10,20 BLON30°0OHEA Y = 7HEE T TIEREICKT LT, OFTHRT—
ViEE W THAR DA E WREO M TG 2B IE L, 228 WEITICE 72 5 sotis o2 b, &
K TEIE T Oomax 33 E OBEENIHAVMLE (e DIEET D2 DIHEWVALE) ITKIET Y AES [, U
17FémmW:7%Lkiombm%®%@ﬁamow1%5#KLTmé.é%:,%@?:f
ST IR O g B AT, Hix DU AEE, U x TEER0T = THEE b OMA Y =7
HETE X9 O #PIR TR IS O W TRET A2 I 2 TV D AR ST L N R 2 R Tk o
LBV THS.

ﬁ%l%fi AREFTED BH Z k2 & & HITHERIT O ERBIEE R L, AFTROME ST

2 DTN E OB 2 1B~ 7z,

%25?1?%@?:7%Li#iwﬁ@%ﬁ%ﬁﬁﬁ%%%ﬁﬁtwmﬁﬁkﬁéﬁﬁmﬁmﬁ
ET 1, by OFBEZIALCT 572012, TT/A/=200EAFRY = 7RG X TIXEEICK LT, §F
B NIHE VRO TS ZHE L, Oumax, BEINIFEVMLIE, Oumax FEAET 2 IR TT [0 DALIE, Oomar 1T
FAET Ly, b \ZOWTHRE L2, Z OFER, Coman 13, Ly by EL 725 EHEK L, L, b 230D HTE
FIENAHEVNLE [HIEFTROE y FRIZRDHEAEWVE P)] LV TR TOLRESTELAEEN
MEIZHRETHZ EZ2WLMNIT LTz, £z, EIEIT IR LT e 13 Ly by (X300 53 Alside (8
AR OEESATICRETHZ EEHLNI L.

F3ETIE, HA Y = 7HEEX IR O W TP IRERRG AT O 72D DR & 22 DT IS K
ET T = THEEDOREICOWTH LN T 572012, K200 R FEFR 7 = 7 & 1T IE s st L

T, HEARNHE WO TS &2 RE L, S NS KIET L, by DEEE, Cunar, BENHE WL
B, Oomax 6/ET 2 HRIE ST M OALE, BTSN RIET NHE VR OEBIZ OV THRE L. 5o
ToRERIT, B 1 mENOROTAHRY = THEEORE R & OB Z Lz, EORER, o tE, L by 3
WL IR WKL, L, b (DL TP L TN TH LR T=DBHEWVLEICEAET D Z &, hiEs
X LT L, by IS0 57 A side BIRSRITITICR AT 2 2 L2 NI Lz, £, IERIHY =
THEE D O (IR Y = THEIE LV R E WD, RN D = 7S X913 B oD f o 3R % IS
BOWTHELAEL, Vo7 fEE LIS Y = 7HEDIE ) DIEMHY = THEEOSHA L0 big
FEOHTITARE 2D &ML LT

AT TIL, AT = 7RSI TIXE O T TR G2 S DICHED 7o O DFERE L 72 D ot
JEINZRIFET R ENADEEIZONTH LI T H72DIT, f=10 B 30°DER Y = 7T
XIS RE LT, BARM DS WREO W ITIE I EZHE L, O BEEDFHE VLR, Oupa AT D
PR T DNLIE, O \Z AT T Ly, b I DOWTHRFF L2, 2D OFERE LOB=20°005 5 & O g
BT EATVY, G W RKIE TR ENADEBIZONWTIRFT L2, ZOREE, o 1E, BDBHEVED 2
E /S (<2) BEITIXO.PIFIZEL, BINHBEVENR2 LV REW (6>2) HHITIIP LV
DLUTNDMEITRY, f=30°DGEITIL Y = 7THEICKA L TRET 20HEWALEITRE <A1k
THZEREEH NI LT, £, RW IO SN O / (Geman)sotia L(Teman)sotia: =200 —1&I1X 3
X HED o] 1F, S=20°DFEN /=10 BLR30°DHEAE LY H/hE VDT, 25 OFEFRICHE SN
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T, RERICHWEZ X 9 2R Y = 7HEIZTIEHE RO AITILA=2000F HIZ L > Tl R E o
M ERHfRFCE 5 LA O NIC LT,

55 mCIE, WA Y = 7RSI IX M EO sl TR EHE A ML T D T2 01T, Flx D =200
A Y = 7RSI B LT, PR SRR A AT, Bl P ST BRI ff B 38 L OV R O E o
A CERICKIET Y A o T ESOREERD, 1557 RITHE oIS DRERE R & o iR
EMZHEEBICHEADY AES, vz REIBLOY = 7L b OEA Y = 7S T I3
O PR RISV T ST L=,

U bo X o1z, A Y = 7HEIXTIXEEO o /13 KO R S RE L 5T 52 &1
F U, KEmSCTITHEA Y = 7 & LTI Bk 5 oo fhn TR EF O 7o O O A H 7o B B &
/D ENTET.
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AWFIEIE, FIORF IR - Hilisil Lo ZHREO L LIZETSNIEbOTH Y, HE Ok a8
CTEL OORE A THE, KRR TR L ZHEZ D L7, ZZICEERIHEEZRL
E3c

FTo, AWK LT, flix D ZHR, THEZWLTEWIZ BIKFEHE - /PR L, B -
NI RFERE L, HEEER - /NP O U TR RGHTH L BT £,

A a D H 2 Ll To - T, F2Er, SBREEOE i L OBER il BB Sl T W e v
SR L i B - JARE —IX, [FMEHENE - G LR O 423648 7 b NZ RIBFIEE OTEF:
EOERITESHILE L BT ET. RIEAEITT 2I1CH2 0, LEFFEA o /3—L LTH A~ —FEIC
IR > TV 2N IR EFFRIAR I K OT AR ARIZSE D TRILER L B £

AR L C, flixe O ZBE, hE La W72 n iz BEORS: T8 TRt o AT B IO
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o 8
1. T IEHEEONAEVNEDTERE

1.1 R CHA/ =100 TIEHEOLE  (HhiE A Ofi)
my,=4, a,=20°, z,/z;=24/36, fy=10° j,=640um, b=30mm

Transverse module: m, =——"—=4.062
cos f3,
_, tana, o
Transverse pressure angle: o, = tan =20.283
cos f3,
Base helix angle: B, = tan' (tan 8, cosa,) = 9.391°
: m,z,
Reference radius: n= =73.111 mm
m,z,

r = T =48.740 mm

m

z
Tip radius: r =t71+mn=77.111 mm

al

v, = mtzzz +m, =52.740 mm

m,z,

Base radius: Hy = cosa, =68.577 mm

m.z
1, = ’22 cosa, =45.718 mm

Transverse base pitch: Py, =mm, cosa, =11.969 mm
Transverse base backlash: Jo = J,cosa, =600.315 um

. . o T 2tana, .
Pressure angle at the pitch cylinder:  a,, = inv +inva, =21.326

2m,sina, z,tz,
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(Zl tz, )mt cosa,

Center distance: a= =122.696 mm
2 cosa,,
_ 2 2 2 2 . _
Length of path of contact: L= \/’21 -1, T \/”az -1,  —asina, =16.966 mm
. L

Transverse contact ratio: g, =—=1418

Py

btan bsin
Overlap contact ratio: Ep = Py = Py =0.415

m, 7w m,

Total contact ratio: E,=&,T&, = 1.833

1.2 R CNAE S =203 TIXHEDL S (HE A OfiE)
my=4, 0,=20° z/z1=24/36, [y=20° j,=640um, b=30mm

Transverse module: m, = ~— =4.257
cos 3,
_, tana, o
Transverse pressure angle: a, = tan =21.173
cos f3,
Base helix angle: B, =tan”'(tan B, cosa,) =18.747
. m,z,
Reference radius: n= =76.621 mm
mz,

r, =T=51.081 mm

: : mz,
Tip radius: r, = ; +m,=80.621 mm

al

m
r = ’222 +m, =55.08] mm
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m,z,

Base radius: iy =, cosq, = 71.448 mm
m,z,
iy =, cosa, = 47.632 mm
Transverse base pitch: Py, =mm,cosa, =12.470 mm
Transverse base backlash: Jy = J,cosa, =596.796 um
. . . T 2tana, .
Pressure angle at the pitch cylinder:  a,, = inv +inva, =22.033

2m, sina, z +tz,

(21 tz, )mt cosa,

Center distance: a= =128.511 mm
2 cosa,,
_ 2 2 2 2 . _

Length of path of contact: L= \/ral =1y -l-\/ra2 -1,,” —asina,, =16.815 mm
Transverse contact ratio: g, =—=1348

Py

btan bsin
Overlap contact ratio: Ep = Py = Py =0.817

m, m, 7

Total contact ratio: E,=¢6,+t&, = 2.165

1.3 R CNALR =30 TITWEDOL S (HhiE A O fiE)
my=4, a,=20° z/z=24/36, fy=30° j,=640um, b=30mm

Transverse module: m,=——"—=4.619
cos f3,
_, tana, o
Transverse pressure angle: a, = tan =22.796
cos f3,
Base helix angle: B, =tan”'(tan B, cos a,) = 28.024°
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m.z,

=83.138 mm

Reference radius: =

=2 =55426 mm

. : mz,
Tip radius: T =y +m,=87.142 mm
m,z,
v, = T+m” =59.428 mm
. m,z,
Base radius: Ty =, 008a, = 76.646  mm
_mz; _
Ty =, C0sa, =51.105 mm
Transverse base pitch: Py, =mm, cosa, =13.377 mm
Transverse base backlash: Jy = J,cosa, =590.010 um
. , . T 2tana, .
Pressure angle at the pitch cylinder:  «a,, = inv 5 +inva, =23.519
2m,sina, z,tz,
. (Zl +Zz)mz cosa,
Center distance: a= =139.314 mm
2 cosa,,
. . _ 2 2 2 2 : —
Length of action line: L= \/ral —7y +\/ra2 -7,,” —asina, =16.197 mm
Transverse contact ratio: g, =—=1211
Py
btan bsin
Overlap contact ratio: €y = by = by =1.194
m,m m,m
Total contact ratio: e, =&, e, =2.405
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2. Wi & KOFEA - ERRIOEEL LU 7 2 b (¥ 5.10,5.11 (2R LR

2.1 RECNAR =20FERXIFRY = 7 HE&E X9 1L 8 &, L, = 2m,, b, /b=0.25 (Part PA1) OH

A. side Ob. side
[k ZFt

Crack

A. side Tooth surface Ob. side
/Ob. side
rF
Ft
<7 N\ A
- -
Web
A. side Ob. side

Tooth surface

(a) F,=27.4kN, N = 4.02x10°

A. side Ob. side

A. side Tooth surface Ob. side

f rF
30°

A. side

Ft

Web

Ob. side

Tooth surface

(b) F,=25.5kN, N = 5.35x10°

Fig. 6.1 Photographs and illustrations of bending fatigue cracks (£=20,
symmetric web, PA1, [,=2m,, b,,/ b =0.25) [1/3]
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A. side

T
=L

A. side

A. side

Crack __ |
Contact line

Tooth surface

/Ob. side

Contact line

s

Web

Tooth surface

(c) F,=24.5kN, N =8.12x10°

' Contact line

Tooth surface

Web

Tooth surface

(d) F,=23.5kN, N = 1.39x10°

Fig. 6.1 Photographs and illustrations of bending fatigue cracks (£=20",

symmetric web, PA1, ,= 2m,, b,,/ b = 0.25) [Continued, 2/3]
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Ob. side

30°

Ob. side



A. side Ob. side

Crack

F

Web

. Ob. side
A. side Crack

Tooth surface
(e) F,= 19.6kN, N = 2.70x10°

Fig. 6.1 Photographs and illustrations of bending fatigue cracks (£=20",
symmetric web, PA1, /,,=2m,, b,,/ b =0.25) [Continued, 3/3]

22 R ENAR =200 W xFr T = 7 RS X915, 1, = 1.5m,, b,, /b =025 (Part PA2) D545

.ﬁl‘
A. side
Fig :
Crack
A. side Ob. side
i
F
= "N/ e
e L
A side Ob. side

Tooth surface
(a) F,=25.5kN, N =3.07x10°

Fig. 6.2 Photographs and illustrations of bending fatigue cracks (£=20",
symmetric web, PA2, [,,= 1.5m,, b,,/ b =0.25) [1/3]
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Crack

Contact line

Tooth surface Ob. side
Ob. side

Contact line

e Web

A side Ob. side

Tooth surface
(b) F,=23.5kN, N=4.91x10°

A. side ; ( Ob. side

PN
Contact line !

Tooth surface Ob. side

F
N/ S
Web

Ob. side

Crack

—
[

A. side

Tooth surface

(c) F,=19.6kN, N = 1.52x10°

Fig. 6.2 Photographs and illustrations of bending fatigue cracks (=20,
symmetric web, PA2, [,,= 1.5m,, b,,/ b =0.25) [Continued, 2/3]
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A. side —— Ob. side

Crack

Contact line

A. side Tooth surface Ob. side
Ob. side

Contact line
Vdi
Ft
o ~N o
Web
A. side Ob. side

Tooth surface
(d) F,= 18.6kN, N = 2.48x10°

A. side Iy Ob. side

Crack

Contact line

A. side Ob. side
Ob. side
L+ F
30° : . E
Web
A s;e\ Ob. side

Tooth surface

(e) F,= 17.6kN, N =2.05x10°

Fig. 6.2 Photographs and illustrations of bending fatigue cracks (=20’
symmetric web, PA2, [,,= 1.5m,, b,,/ b = 0.25) [Continued, 3/3]
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23 R ENAR =200 W xFr T = 7 RS X9 IX 5, 1, = 1.5m,, b, /b=0.17 (Part PA3) D55

&Z !

F[ Ft

a

N
Contact line 5
A. side Tooth surface Ob. side
Ob. side
Contact line
+Ft .
Ft
e P ' / N\ So°
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