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Abstract

The various configuration of thin-shaped bevel gears are used usually for such as main
reduction gear of the hovercraft. But the reasonable and concise guide to thedesign of the se
bevel gears is not yet obtained, since the tooth of bevel gear has complex form. The purpose of
these investigation is to be establish the design guide and to propose the desirable
configuration form for thin-shaped straight bevel grar.

In this report, the desirable configuration is examined experimentally by clearing up the
effect of web and rim thickness, rim support condition upon the load distribution and root
stress distribution along the tooth trace.

The results are summarized as follows. (1) The crowning of tooth trace exerts a significant
effect on the root stress distribution of thin-shaped bevel gear. (2) As the desirable
configuration of the thin-shaped bevel gear, it is to be recommended that the rim is supported
at the heel side of tooth trace. (3) But, as special type, it is desirable that the rim is supported
at the toe side.
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Table 1 Dimensions of test gear pair

Table 3 Weight ratio of thin - shaped gears

Pinion J Gear e Web Thickness (Mouule)
Tooth profile Gleason Rim T 15 1.0
glodule 1 ) ; Heel - -
ressure angle 93 Mid.
Number of teeth 14 ‘ 26 ; Toe 67 64
o

Face width(mm) 40 g Heel 66 59

Shaft angle 90° $ | 15 Mid. 64 57

Reference diameter(mm) 112 208 § Toe 62 54

Pitch cone 28° 18 61°42 £ Heel 59 55

Cone distance(mm) 118.118 1.0 Mid. 27 51
Toe 54 43

Addendum(mm) 10.613 5.387

Dedendum(mm) 6.942 12.168

Process Coniflex cutting
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Fig. 2 Shape of thin-shaped gears
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Fig. 6. Change of root stress distribution by
loading.
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Fig. 7 Change of root stress distribution by
thinning web

Position of contact line
" Shape Web| Rim
Bet ddle
:nvéel;rc‘){:\'tnp Middiel| (m) | (m)
Thick [o] 8] L6123
800 150 Thin o L 10110
Torque=235N'm
w 600 -
o cholZO
< b3
c wn
- 400 ;t_ 80k
&5 »
2001  4OfF
Web position: Toe
———
- 1 | I | !
0 0 0 3 ns 20 285 3740
Strain gage position mm
Heel Toe
(a)
S Position of contact line
hapel getween middle Web| Rim
and tooth tip jMiddiey (my | (m)
Thick (0] @] L6123
Thin [ n 10{10
0 —
g, 8007 2120 1orques235 Nm
™ =
c A -
E 400 g 80k _
n o
200/~ 40Of \>
Web position :Middie ©
L 1 I\ ! ! {
0 00 3 1.5 20 285 3740
Strain gage position mm
Heel Toe
(b)
S Position of contact line
hapel getween middle Web | Rim
and tooth tip |Middle[ (m) | (m)
Thick o 8] L6123
Thin [ » 10110
‘f; 600_&'120 Torque=235N'm
« X
c 0
i 400 :."_, 8ol
I »
200~ 40
Web position:Heet!
L. { L ! 1 1
2 00 3 1S 20 285 3740
Strain gage position mm
Heel Toe

(c)

Fig.8 Change of root stress distribution by
thinning rim

(220)



ugx Aae] Aol BY 12A A7 85

% Btaio] of 5 WL N2 AT WEL
z gedd.
3.4 2wl 2% oy ws}
sg g A 2e) 2E g Aol gleid e #Hol
g0 299 WerlFon Z2HT. €714 §
ol AW FE7e] a—:e SREEXE)
Ao Welo] AAA AZ gy LE A GH

Bue 239 g FAAY HUAE rign.
Fig.9<) @& 3lo} 23 Hoh g o Ao AFE
duel FA 2 Heol Fr o] T 3o JERERA
t}. =, Fig.100) = Z3v) 9} Ao g te] wAE
Yehlel. Fig.9, Fig.10ols 2 23 o) x| 219
v 831830 Fave o &3le Aol £ A
of Vel A gHE Wdoz FASt YERY
2 ATk 2 xe vt 7hy & A FRE
oz My AU YA FF ol FARZ9
Fa%le AYH o2 e EdA Fer)
PEA 7} 23024 o]xoje} A ol Him
#H Evn #ddsHe 39 AEFAE 1.574A
u g3l ® Ao $H L F3o] WA go
v 1.07bx 9k S3telE o). AR A A BF
) g-2o] 938 #Hiddn UALE L F AE} o]

73'?‘% '°r-“£’.7}' _/;\_E} Oﬂ.r]z]z;}.—; %lc ]131,
upeba| AR o] EF o] Frbste 1 ﬁlg EY
G. P,

Torque=235 N'm
. Heel| & o
o S4iMid.| = @
ZTOiToe| ¢ o
Thick v 9

8

S0

Max.stress MPa

Fig.9 Change of max. root stress by thinning
web and rim of gear

g Ho] YAt A F FLHEIANAY & Fol
ANHo g 7AAasH7] G HRgHo] 23]
o Zas Ac s Bud.

Jg o} QH=EAE 242 1.071R) 215318 7
2, A gHe] WE AT dBe] HAo wa}
A g 2ol & el ok g B 7F iR 3l
AL, Aede o 1023 & Wol| F7131A
gou durt FdFY AdRe AE de 47
20%9} 40%2] H73 5 ol Ut A
Hale HYPEA)ate] Ao ArAFe & 44
st dajolt). o] e Az NE HdSEA
Zdete B B0, 4B fXE ey
7l e g gdd). au 3RFHeR
HAS A AET 54 23, A 2FA15 48
o] YA £ATRQ W53 Bt dem, J A
AHE-3 X 3le] A ol € 7 Ao wdEo

Fig.1lo) = v} 8314 ¥Ate] 232 100%2 3
73 2-9] &3l Aol FFa asltﬂ%é!iu #A
7} BAIE O] stk HE7F AR Qe A, 9
3oz EF3tn HogYA| 7} 2388 A4 3
= &gl EAEE &+ Ut mebA] o] A
Yol AFRFH X AP 7o fite] B H
Ao ur&3l Yoz dHe R/}t AthRo]
o QEEALD, HEA23AN L9 T 5 gl
=< ¢ Uen, ol T AN 2 RE gdd}
o AwF2ate] gt& 5] A5 EF F FeY A

G. P
Heell a a
160p \Toraue 1 8uffigl w @
223SNmM {2 QiToe| ¢ o
Thick v.v
120

Max.stress MPa

40 80 80 100
Lightening - ratio */, ( Thick shape = 100 )

Fig. 10 Relation of max. root stress and weight
ratio

(221)



86 WA HBRRE. $178 B39 1993

Shape |Web Pos. Web{m}Rim{m)

Thick ®| 4.6 2.3
Heel A

Thin Mid. (8] 1.0 1.0
Toe o

Fig.11 An example of influence co - efficient of
root stress

A ugsEgel 248 £ AT AYS L F
L=

aeu A Ewae] gAEES DRAIME =
Gube} gro] dlu g YuRol YEF W3 3
Apol, Z o] SH5RMA AAFNENE ET 3
o Al A e wgsAst A Atk Qo
gele Aoz B

3.5 gtslol| ot MEMMS SIZEXL

o ws}

A 71&% vieh o), W&t mE A
S Wsht HEHA ] W3}
9ol uhg3le] wet, s AEsh=
243 st R T e sle Aoz Rd

ﬂo.‘}l_‘l
o %o
® S

J

e A |
l
23

of olstel QoiAE FHMe sFEEol ¥

wa g Bk

Aoz HENY FFREE, FaUL
Aol Ae) W e 2P ste] A ol e
st ol YntHoln o] B¢ WAl Y A
4 u)2) HAake] Fojof @rh. el ol AY
3} o] Bair} A4 W) NP SHRLF

s} Age wade) ol ol AEE} AL A
o, S0 JYAFZREE 228 5= 3
9. o] ASe] JeAFE HEAY 4 ol A
Z832 slstn 2 We) A2y ¢
2ggond 78 4 o g A

§=] =
AEEXE
=
]

A gel

=
—

@
T T T
Effect coetticient of stress MPa/N

Unit load

=)
T
~N
T

151 mb‘lo

Web position: Toe

Effect coefticient of strain x 1078

6—
e

4+

2 QS|

ol 0
0 3 s 20 285 37 4«0
Heel Strain gage position mm Toe

Fig. 12 Change of load distribution on contact

line
sEixe 89 dFA 5l o8 oh& A% 2
o] vehd + th.
[o]=[KI [P] (1)
o 7] A

(o] : RatdgAle ST FuE, £
Aol B & F(AA Y AdatF)e] Hed B+
A Zber g2l o] A A

Kl: €89 JFgAF2A APREH~, HE
Mool o] a9 FetFol 4 A9 A
%ﬂ“‘* €89 4&A

Pl : H 2449 a5 EE d¥E & Hehl
3l Alt} Z [ole A¥e ooz FE ol
2350 glemz, K7t 3o ol 7™
HEAGY S EX[PIE 78 F U

<2l J3AF [Kle Z3 A% & o F Fig.
110 JepAth &, e &) 73 HF A4
st=R ¥ o] 3 of & Fig.129] Jetir}. Fig.12+
ubg el o) Pz dBe| Aok o] FAC 7
7} 1.090 58ty ge) § 2ol dal M A

2044e] SR Eoln, 1M B o 108
BFA T Let ) o Bt

sheshd @ae) AgE A Xe) FRE I
WA g 747, Fzh ey A9 AL et
Wi lew, urgst g4 Ase dnst 29
wel gigRe] sl 7tzte) Aol e &%



utg A2 xate] AA B JEH AT 87

= 7tz glue) o] A+ REXYHE U
AeE ¢ F Uk ABT} %‘~°J—r°ﬂ A
ARe] 73¢9 Aol w5 £EE YE
19)x) o] Watel ol gt o]} B FFEXS

Zls) $HE ¥ FPelx 2 %S v
oz mogch a2, Fig8old &g vt
| A Zurake) S EEI} Ao ¥t
¥o} g4wsto] mal 2A Wt YA
o 4 ok oA wEtat, H &8
BT N 2] SHYEY 1 Fgol W
A g gdtn dokne BeHA deth

a e wrga P AAe) A5, $FEel
2ag A4S sn 9ol X 3L dae
AWl wte YEALe stFE X U3 B
ozl PR Bad vEY @ 71913
My ste P-eEe] Hzte g Friso 37
o Eolgtn #ddnt

T, S FEEY SHEXE N EWF A
SR o} N HFHe FAAR ] Astel A3
Mz Wzt Aoz Yt

_%.OES,"_‘.HE

£ f £

E
Jou
ir o

yo Ar K

_u

]

Yo
SR
Shopy
[¢]

AN
glo ofy
mlo r-{ri

Q,

&

“

4. &4 =

A@E 2 F $AA a9 & ote) wE, 3
ZE¥o] dstel A o] FHE X Wt
@ato], o2} Felel uha 3l Aol diste] AEH
AMS st 2 NES HAED 2F e 22
AEE 4L F ANS

() ARE A2 e, T3 A Ad FFF
7b 293 o3t ASAEE YA AV
& sk Aol uhg A ot

(2) o8 Fejzol whss Fdel Wi #A
sl s BTty A EUFge $HEEE S
8 He) #ae gloiA s mastA 2 A & Y

Bao HYNE /HAE XS o] FI U

J8 ¥ W3t YEht QA gon), oA e
2 AY5ge) maz doEch Bepd 183
Ae 53 AWER] vAA G Ao Bod

RURRRE s
: 5

(3) x| Zwrgkel gHEX Y A& Ae W3
e due Y7} 298, FGE, R A=
utgsl @ae) ¢og &7 vehdn ok FH
o} 7% AutAQl uhggel slof dEe A= F
PR EEe 29 glE el Bl oA &
Fa7Aze] AR A1 7hF) Bold HE UA
o Jztect. o] Aol e} 2of of 20ume] ¥)
d 2 853 BT AL F A2 vE3e
A%E JEE HRo] ASSE e Aol vhyA
b Atadol B AT}

(4) ERY 53 Fgo leiMe AEt &
Biol A AT wPHaet 2v o] B¢ ¢
ol o] wgsle FAY Ao 45 7Y
oz EFG Y2 TP Ak A=
uhs} ol 7ol FHAZe) AAME AH
2GR QlE a3} 3ol HigtE] go o)t
ge =R P a3 e dtAA 2
ol A8 Past AUt 4t F{ 3t
 Pxo] g2o W A% X YT A3
7t S EEU S E A vix & el @t
s@aryz JALLYE o &Y FAHHT
AF}E o F HE LRG AYolth

S kol

1) NENH.EN, B AR R OR, 47423, C,
(1981), 1540

2) AAA, F=urg 7@, Vol. 14, No. 15,
(1990), 72 : '

3) . 4EE, B A ek, No. 850~3,(1985),

4) Chang. S. H.etc, Trans. ASME, J. Mech. Trans.
Autom.Des., 105~3(1983), 327

(223)



