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F725E5%* (Nomenclature)

HlEEBE (Center distance)

& (Face width)

v = 7E X (Web thickness)

HEYEMER (Reference diameter)

A ERR (Tip diameter)

EAEMNERR (Base diameter)

¥ 7% (Young’s modulus)

MJ& /1 (Circumferential load)

H TS BREERE (Bending fatigue limit circumferential load)
2NHEVVR S (Length of path of contact)
IEEME W N> 7 F 2 (Transverse backlash)
YER#RF RNy 7 5 » 2 (Transverse base backlash)
HWEMAEY = —/L (Normal module)

HHE A E =2 —/L (Transverse module)

frEMHR LE (Number of load cycles)

IEHEE#R E >~ F  (Transverse base pitch)

HEAEM Y (Reference radius)

B SEM Y42 (Tip radius)

EMEM -4 (Base radius)

Y A X (Rim thickness)

JEZ# (Coordinate axis)

FERZRH (Coordinate axis)

4% (Number of tooth)

A (BFgh) EEOHZEL (Number of tooth of driving gear)
XE (FF, #%®) HWEO#EE (Number of tooth of driven gear)
%A (Tip angle)

IEMHEES (Normal pressure angle)

W E A EAEE /) (Transverse standard pressure angle)
MIEVVESFA (Pressure angle at the pitch cylinder)
vy FABE LD Uivf (Helix angle on pitch cylinder)
EfEMBE LR CHhA (Base helix angle)

EEHE DA EVVE (Transverse contact ratio)

ME2Y PFHAEVE (Overlap ratio)

EMFHAVVVE (Total contact ratio)

EARAE  (Tangential angle)
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W tits /1 (Root stress)
JEXEHE TS /] (Compressive root stress)
B|3EMITIn/] (Tensile root stress)

Wz (Suffixes)

EREh) (BABR) HAE (Driving gear, test gear)
#rE) (37#%) ¥ (Driven gear, supporting gear)
JEfE (Compression)

B K (Maximum)

&/I» (Minimum)

—{K#H (Solid gear)

2|38, BEH{E A (Tension; transverse section)
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T Ui, —HE BRIl ER O Y7 BB EIT ) DRI TR Y, TOFMITOVTE2.2.
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BETHD.

Table 2.1 Dimensions and calculated results of test helical gear pairs

Normal module my 4
Normal pressure angle oy 20°
Number of teeth 2/ 2 36 /24*
Face width b mm 30/35*
Transverse backlash Jr pm 640
Helix angle Po 20°
Transverse module my 4.257
Transverse pressure angle o 21.173°
Base helix angle Ji 18.747°
) d; mm 153.242
Reference diameter
dr mm 102.162*
. d, mm 161.242
Tip diameter
- d; mm 110.162*
i dpy mm 142.896
Base diameter
dy; mm 95.264*
Transverse base pitch Dbt 12.470
Transverse base backlash Jbr 596.796
lg;isns(lil: angle at the pitch ~ 22.033°
Center distance amm 128.511
Length of path of contact L 16.815
Transverse contact ratio Ea 1.348
Overlap contact ratio £ 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 Mn P S
0.42~ 0.15~ 0.60~
S45C =0.030 =0.035
0.48 0.35 0.90




(b) Supporting gear

Supporting gear

Test gear

(c) Gear paifs in mesh

Fig. 2.1 Photographs of test gear pairs used in measurement of root stresses
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30
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

* . %
co: solid gear my,: normal module

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

@ Test gear

@ Supporting gear
@ Torque pick-up
® Torque generator

Fig.2.3 Static load test machine

-9-



Pick gauge

_—Test gear

Supporting gear

Fig. 2.4 Photograph of setting of backlash

/ Center distance
a

Supporting gear (z,=24)

Test gear (z;=36)

®, @, @ : Tooth number

¢ invay, - inva,

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

Scale

Test teeth

e
Jr

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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7\'

l Hofer's critical section

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

Fig. 2.8 Positions of strain gages

WA % 3

22/21 =24/36 \
By=20°
b= 30 mm

Z
/
/
/
/

/
1
/
"
/
/
"
b=

(
2\ \ VL
D  py=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
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&

4 Torque initiation
part /
. Tk

Strain measurement
device

Fig. 2.10 Photographs of static bending test machine and peripherals
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Fig. 2.11 Photograph of tooth bearing by means of root
stresses measurement of Part PO (Solid gear)
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A
Preparation of test gear (Line scribing,
strain gages bonding etc.)

A

Gear pairs assembly

Setting of backlash j;

Setting of pitch point meshing
position and tooth bearing

Adjust the position of supporting
gear pedestals

YES ;f

Measurement of center distance a

A

YES

Tooth contact marking check by using red lead

Equal along the tooth NO

trace

E Adjust tooth tip
! NO | gistance of test
i ' gear pairs

Tooth bearing by means o
measurement of root stres:

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

Measured = Calculated NO

______________________________________________________

Adjust the position of supporting

Root stress measurement of thin-rimmed helical gears part
during static load test (F/b = 196, 392, 588 N/mm)

'

End

gear pedestals

Fig. 2.12 Flowchart of root stresses measurement of thin-rimmed helical gears (Bo=20")
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2.3 EBRBRBIUER

2.3.1 BRART (XEENOETE S

X2.13, 2.14 1%, 2.2 (R $TABRBEHED Part PO (— &M E) (CHES F/b = 196, 392, 588 N/mm

(b=30mm : HIE) MERATHHEADDHEVIED NS NAREVED Y £ TOWTE S ORIER & 5t
BEZEBRL TR, X2.13,2.14 FOBEIL, DAREVLE L NAE D 0% %, HEisTs
NEEoTn5B, £z, HEERAR - BEHFEDPEZRAVTRDEZHOT, BEMBITRES-%
FOTHIEY VR E=206GPa 2R L TRDIE LD THSD. KE |13 Opma BAER B RS, BTG
DOWE & DR TABEMAIZ/R HEIENE Acute side (A. side), HifhI1Z72 5 HIEH % Obtuse side (Ob.
side)& LTW5A. K213 1%, HHAFHZ LAY VR EIT - 2% OW TS ORIEME & SHEMEO
2T, X213 XY Ob. side HlES CITREMEITHBEMEE K& BV EEMIAF Y- LT
LRETHDZLpbrd. K214 13, BWRSABEIC L D857 0 FHEK 10 BT =% O 8T
ISHREME L FEMEOLE AT, X 2.14 L0 AEME & FHEMEIIFIE-HL TS0 THEMIH
Ul LR EEZILND.

PERDFRCTIE, B TIXEESOKENASVNLBIZE IS IR ER L RADBEVIBE L L
THITISADRFHE I, EHHEVRD, & <2 OFAIITHEIE b Sl /A Wik 2 3817 24 o—xth»
HEVMLE (O. P.: Outer point) (2725743, £,>2 DFAITIIHEILOPHEVK Y b —EEERE v
FROTDHEVMIEBIZZRD L EINTWS. LiL, IRODEENHAEVIEIL, Ho-biir®
BLTWRNDT, ZONHZEVVIBERKEBIRORNLDEEZ LN, $, BEEMNREVE
X, Vb, V2T RBEPELIRDEETIODEEZBND. K214 LD &DHEVEDg,=2.165

(&>2) \ZH L, Oma BIRET DDHEVNLE (EENHEVLE) 13y FANPLEVE [HIE
PROE y FRICRDIDHEVNE P)] fHECREAEL, 2.9 DEREHR LOBMBOTHE &
D5,

AERTIE, HLEAICRIETY A -V VEIORBIZOVWTHLMNITS 22 EHE LT
2 DT, BB EL X} D Part PO D —{EHTE T2 D80 A3 K 2.13 ISR T TSI 72 DR EE % 3% (7
BT B7RUVRER) & LT, RS ES O 72 B Part PA1~PA3 O ITIS HOBIE % 1T T 5.
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800 1 3=20° I, ==, b,/b=1] I
-600 [ Solid gear /T(rglg?sgics’:)e Calculated
-4 T F/b= 196N/mm
20| — 392N /mm
~800 -_— 588 N/mm
00 ¥ Measured
‘222 e F/b=196N/mm
! L] 392N/ mm
ol R e . 588 N/mm
a0 | ™ Middle é A side: Acuteside of face width
200 r s . u Ob.side: Obtuse side of face width
:zgg £ A: Beginning of engagement
400 5 e B: End of engagement
@ N .
200 o B 8 P: Pitch point
—a00 H w pur. Transverse base pitch
-600
-400 Leading side
-200 L o (A side)
Root Pe I | Py Tip
EaPpt rr EgPpt
— Positions of en_g_a]gement —3
1 1 1
1 1 | — o
Pt

No. of meshing tooth pairs

Fig. 2.13 Calculated root stresses and measured root stresses after
tooth bearing by using red lead (PO, B=20")
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:igg :Solld gear /(0b. sgide) Calculated
-200 - Ft/b= 196 N/ mm
-800 . 392N/ mm
00 | — 588 N/mm
_a00 } Measured
-200 e F/b=196N/mm
800 ¢ - . 392N/mm
-600 A ié b 588N/ mm
400 7 . Middle 3 A.side: Acute side of face width
-200 A Ob.side: Obtuse side of face width
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-600 f‘_: A: Beginning of engagement
-400 ~g 2 B: End of engagement
-200 § P: Pitch point
-800 4 p.:. Transversebase pitch
-600 Oemax J: Position of max. stress
-400 Leadingside
—200 | (A. side)
Root Ph b Pie Tip
EaqPut rr EpPot
Positions of engagement
= = ==
1 b R 0
Pot

No. of meshing tooth pairs

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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2.3.2WRBHICRIFT UL -V TREOEE

2150, VLEX L, =2m, (m,: BEAEY2—/), V=TES b, /b=025 (b: HIE, K22
O Part PA1) , I, =1.5m,, b, /b=0.25,0.17 (X 2.2 @ Part PA2, PA3) OHEPIFRY = 7 &I 3T E
\2, FJb=196, 392, 588 N/'mm BER T BHADDHAE VDN LNHEVRD Y ETOHETIEH O
BIEBRLRT. [2.14,2.15 L0, BHY = 7SI TIEEBEOREICIE, WEERO ) AES3E
Wim s, —AlEOB AR THEEESROBAN»R Y KEL 2D LBb,rD. £, BHESE
DBRAITITY MBOEHRKEX L R B7H, HHRAVED LY bEIND, HHAVIEDRIOEERD
SHIE T R K WERIC o TR ANELBA, RAMOEIEEOETIITIEFLAELE LRV
ERbMD. B 2.150b), 0LV, HPHEVOETICE 725 RGN OERL, K215@D5%6 & &
PEE AR, VAEIXOBVAEHEEROETHRAIL, VAESBLOY=TREORD L L
BICKE S RD I ENDND. K215 &V e BET BDHAVLEIL, PA1 DBAITIE, By TR
NLEVMEE P) LV PR TO LRESENHAVIE P X0 1PRoEEA) ICHRAEL, PA2
BLUOPAIEAINIE, P LV TR THOLRESEDHAEGVAE P LV 2RoEERA) 25T L
RbMB. i, PA2 BLOPA3 OWEIESHD Y LR S BE 2w, HHEVIRD TIXHRERD U A
MOFDbARKELRBILICLDEELDNS. 77, PAL, PA2 B X ' PA3 DEENHEVILE,
[ 2.9 DA FE EOBEMHES® (PA1) £® (PA2,PA3) ThH5.

23 3WREASFICRIFT VL - DT TESDOER

2.16 13, & 2.14 2> 53K 7= F/b = 196, 392, 588 N/mm DMEMA T 2854 @ PO DWITIE I 0m & 7R
4. ®2.171%, K215 bR 7= Fib = 196, 392, 588 N/mm 23MEA 3 554G @ PAL, PA2 B8 LU PA3
DTS5 R, X 2.16, 2.17 R ORI IR T M OALE %, #EIETISNEEZ £ > TV 2.
2.16, 2.17 FOE L, K 2.9 OEEMBEESICHIE L TWAD. K 2.16,2.17 DWITIE /15370 & B
5 LEEEED P ANLAVEMEDOZE LA VLBIZEBIT 2 BTSN ELI—hEEDSHE &
K& BRBZENbNE. ®217 &0, HTIEHAME, VAEE, VxTEIOFED L L HILHE
FRHC A2 Y, W ITIS ) OB ENC 1T 28R, VLIRS, vV EEOBD L EbIcRELSRD
TR bMA. T, DBHREVBRNHREVIEDD L EENHEVMLE E TOHMIZE VT, Ob.
side DEMBHOENNERAFEDOTAIITIZL A ERIIRD Z LHPDDD.
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(c) PA3 (I, = 1.5m,, b,, /b=0.17)

Fig. 2.15 Measured root stresses of thin-rimmed helical gears
with symmetric web arrangement (Bo=20")
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Fig. 2.16 Root stresses distributions of solid helical gear (PO, £r=20")
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