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[付録 H] 非対称歯形歯車の特性 

H.1 はじめに  

│ ◑ꜘ─ ⅝↕╛ ╩ ⇔⌂™≢

╩ ↕∑╢↓≤⅜≢⅝╢↓≤⅛╠ H.1 ⌐ ∆꜡◦▪  

An-70 ─ contra propeller ─ 14000PS ♃כⱲⱪ꜡♇ⱪ─

⌐ ↕╣≡⅔╡AirBus A400M─1.4 ─ ╩

⇔≡™╢ ╕√ Ⱬꜞ◖ⱪ♃כ─ⱷ▬fi♪ꜝ▬Ⱪ◑ꜘ⌐╙ ↕

╣≡™╢ 1) ↓─╟℮⌐ ⌐⅔™≡ │ ↕╣≡™╢⅜

⌐╙ ₁⌐ ↕╣╢ ⅜№╢

│ ╡ ╙ ╙ ⌂↓≤⅛╠ ─

⌐╙ ⌐ ⅝ ⅎ⅜ ≢№╢    

⅜ 25°╛ 27°─ │ ─ ─╟℮⌂

⌐│ → ─ ⅛╠ ↕╣≡™╢⅜

│ ⌐ (30° )╩ ∆╢ ≢№╢

╩ ─ ≤∆╢≤ ╡≤⌂╢√╘ ⅜

⇔⌂™ ∕─√╘ √↑╩ ≈√╘⌐│ ⌐ ⌐∆

╢ ⅜№╢ ∕─ ╩ H2⌐ ∆ ↓─ ≢│

ŬnR=30°, ŬnL=17°,≤⇔≡™╢

│ (20°)⌐ ═ Ⱬꜟ♠ │ ⅝ↄ ⇔

│ ↕ↄ ∆═╡ │ ↕ↄ ∕⇔≡ⱨꜝ♇◦ꜙ ╩ ↄ

ⅎ╢↓≤⅜≢⅝╢ ⇔⅛⇔ ↓─ ─ ≤⇔≡ ⅛╖ ™

⅜ ⇔√╡ ⅜ ⇔√╡∆╢↓≤⌐ ∆╢

⅜№╢ ↓╣╠─ ╩ ≈ ─Ⱬꜟ♠ ⱨꜝ

♇◦ꜙ → ⌂≥⌐≈™≡ ⇔√ ⌐≈™≡ ═╢  

 

 

 

 

 

 

H.1 An-70≤ 1) 

 

H.2 高圧力角の効果 

 ⅛╖ ™ ╩ ⅝ↄ∆╢↓≤≢Ⱬꜟ♠ ⌂≥⅜ ≥─╟

℮⌐ ∆╢⅛╩ ∆╢ ∆╢ │ ꜟכꜙ☺⸗

m=1, z1=z2=50, ⌡∂╣ ɓ=0° xn1=xn2=0, 

b=10mm, ♩ꜟ◒T=100N m, n=1000min-1 ≤⇔

ŬnR ∞↑╩20 45°─ ≢ ↕∑≡ ⇔√

─ ŬnL│ ⇔≡™╢ ∕─ H.3 H.6⌐ ∆╟

℮⌐ ⅛╖ ™ 20°─≤⅝ůH=1899MPa─Ⱬꜟ♠ ⅜

35°≢│ ůH=1573MPa 1/1.21 ≤ ⇔ ∆═╡ ╙1/3.3

↕ↄ⌂∫≡™╢⅜ ⅛╖ ™ │1/1.34 ∆╢≤≤╙

⌐ Fr│1.9 ⌐ ∆↓≤⌐ ⇔⌂↑╣┌⌂╠⌂™  

 

 

 

 

 

 

 

 

   H.2 ─ ≤  

 

 

 

 

 

 

  H.3  Ⱬꜟ♠ ─      H.4  ⅛╖ ™  

 

 

 

 

 

 

    H.5  ∆═╡        H.6   

 

H.3 フラッシュ温度 

H.2≤ ≢ ╩SCM420 60.0[W/mK]

╩ISO VG100, 70ϴ ↕Rz2.5, Ra0.4, 1000

5000 min-1≤⇔≡ H.7─╟℮⌐ ⇔ ( ─ )2) 

⅔╟┘ⱨꜝ♇◦ꜙ 3)╩ ∆╢≤ H.8 H.9─╟℮⌐™∏╣

╙  Ŭn=20°╟╡ŬnR=30°─╒℮⅜ ≢№╢↓≤⅜ ╢ ╕

√ 5000min-1 ⌐⅔™≡ⱨꜝ♇◦ꜙ │17.3ϴ ↄ⌂╢

╕√ H.10 ⌐ ─ ™⌐╟╢ⱨꜝ♇◦ꜙ 4)╩ ∆

⅜ ŬnR=30°─╒℮⅜9.7ϴ ™↓≤⅜ ╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

H.7  ⱨꜝ♇◦ꜙ  

 

 

 

 

 

 

    H.8      H.9 ⱨꜝ♇◦ꜙ  

 

 

 

 

 

 

     (a)Ŭ=20° Tfmax=21.4ϴ         (b)Ŭ=30° Tfmax=11.7ϴ 

H.10 ⱨꜝ♇◦ꜙ (1000min-1) 
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H.4 高圧力角による負荷容量の向上 

H.4.1  対称歯形歯車 

 Ŭ20° ─ ≤⅛╖ ™ ╩ H.11⅔╟

┘ H.12⌐ ∆ ⌐≈™≡│ H.13─╟℮⌐Ⱨ♬○fi⌐

≤◒ꜝ►♬fi◓╩ ⅎ ◑ꜘ⌐│ ─╖ ⅎ≡™

╢ ⌐ ⱨꜝ♇◦ꜙ ∕⇔≡ ╩ ╩

⇔√ ╩ ∆  

 

 

 

 

 

 

 

 

 

 

 

      (a)         (b) ╡  

H.11  

 

 

 

 

 

 

 

 

H.12 ⅛╖ ™  

 

 

 

 

 

 

 

 

 

     (a)Ⱨ♬○fi          (b)◑  ꜘ

H.13   

 

 

 

 

 

 

 

 

 

 

 

 

H.14  

 │ H.14─╟℮⌐♩ꜟ◒300Nm≤⇔ Ⱨ♬○fi⌐

10ɛm─Ⱨ♇♅ ╩ ⅎ H.15─╟℮⌐ ™ ™ 0.02°

0° ╩ ⅎ≡™╢ ─ ╩ H.16⌐ ⱨꜝ♇

◦ꜙ ─ ≤ ╩ H.17⅔╟┘H.18⌐ ∆ ╕√

→ ɗp=-23.52° ─ ╩ H.19⌐ ∕⇔≡

─ 100 ╩ H.20⌐ ∆  

 

 

 

 

 

 

 

H.15  

 

 

 

 

 

 

 

     (a)Ⱨ♬○fi          (b)◑  ꜘ

H.16 ůHmax=2348MPa  

 

 

 

 

 

 

 

 

 

 

 

 

H.17 ⱨꜝ♇◦ꜙ ─  

 

 

 

 

 

 

 

H.18 ⱨꜝ♇◦ꜙ Tfmax=56.4ϴ  

 

 

 

 

 

 

 

 (a)Ⱨ♬○fi ů1max=491MPa      (b)◑ꜘ ů1max=491MPa 

H.19 → ɗp=23.52° 
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   (a)Ⱨ♬○fi ŭmax=19.7ɛm      (b)◑ꜘ ŭmax=31.8ɛm 

H.20 ─ 100 ɗp=23.52° 

 

H.4.2  非対称歯形歯車 

 ─ ╩ H.21─╟℮⌐

ŬnL=30° ŬnR=17° ≤⇔≡ ⅎ√≤⅝─ ─⅛╖ ™╩

H.22⌐ ∆ H.23│ ⅜ ╙ ↕ↄ⌂╢ ╩

♁ⱨ♩►▼▪ ─「歯面+修整量解析」⅛╠ ╘√╙─≢№╢

↓─ ≢ ╩⇔√ ╩ H.24⌐ ⱨꜝ♇◦ꜙ

╩ H.25⌐ ∆ ⌂⅔ ⅔╟┘ⱨꜝ♇◦ꜙ

─ │ H.14 H.17≤ ∂≢№╢ ╕√ → Ⱨ

♬○fi ɗp=-15.35° ◑ꜘ ɗp=19.63° ─ ╩ H.26

⌐ ∕⇔≡ ─ 100 ╩ H.27⌐ ∆  

 

 

 

 

 

 

 

 

 

 

 

      (a)           (b) ╡  

H.21  

 

 

 

 

 

 

 

 

H.22 ⅛╖ ™  

 

 

 

 

 

 

 

 

 

     (a)Ⱨ♬○fi          (b)◑  ꜘ

H.23   

 

 

 

 

 

 

 

     (a)Ⱨ♬○fi          (b)◑  ꜘ

H.24 ůHmax=1898MPa  

 

 

 

 

 

 

 

 

  H.25 ⱨꜝ♇◦ꜙ Tfmax=40.9ϴ  

 

 

 

 

 

 

 

  (a)Ⱨ♬○fi ů1max=463MPa      (b)◑ꜘ ů1max=404MPa 

H.26 →  

 

 

 

 

 

 

 

   (a)Ⱨ♬○fi ŭmax=29.0ɛm      (b)◑ꜘ ŭmax=19.1.0ɛm 

H.27 ─ 100 ɗp=-15.35° 

 

H.4.3  対称歯形歯車と非対称歯形歯車の比較 

 H4.1 ⅔╟┘H4.2 ≢ ⇔√ ╩ H.28⌐ ∆ ↓╣╠╩

∆╢≤ ⱨꜝ♇◦ꜙ ∕⇔≡ → ⌐⅔

™≡╙ ╟╡ ─╒℮⅜ ≢№╢↓≤⅜ ╢  

 

 

 

 

 

 

 

 

 

 

   ůH[MPa]   Flash T.[ϴ]      ů1max(P)    ů1max(G) 

H.28 ≤ ─  

2348 

1897 

56.4 

40.9 

491 
463 

491 

404 

Ẽ Ŭ20° Ẽ Ŭ30°  
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 H.29⌐ ⅛╖ ™ H.15 ≢─ →

─ ů1max ╩ ∆ ⌂⅔ -10° +20°

≢ ⅜ ↕ↄ⌂∫≡™╢─│ H.14≢Ⱨ♇♅ 10ɛm

╩ ⅎ≡™╢√╘≢№╢  

 

 

 

 

 

 

 

 

 

 

 

 

  Ⱨ♬○fi °  

H.29 ⅛╖ ™ ─ ů1max  

 

 ⌐ ╩ H.30⌐ ∆⅜ Ŭ20° ─Ⱨ♬○

fi─ L(Ŭ20°)=1.36×106⌐ ⇔ Ŭ30° ─Ⱨ♬

○fi─ │L(Ŭ30°)=8.14×108≤ ⅝ↄ ⅜ ┘≡™╢

↓≤⅜ ╢  

 

 

 

 

 

 

 

 

   (a) Ŭ20°       (b) Ŭ30°   

H.30  

 

H.5  まとめ 

 ─ Ŭ30° ≤ Ŭ20° ─ ↕

ⱨꜝ♇◦ꜙ ∕⇔≡ → ↕╩ ∆╢≤ 

 (1)      ůHmax=1897/2348=1/1.24 

 (2)ⱨꜝ♇◦ꜙ   Tfmax=56.4-40.9=15.5ϴ  

 (3)Ⱨ♬○fi →   ů1max=463/491=1/1.07 

 (4)◑ꜘ →     ů1max=404/491=1/1.22 

─╟℮⌐ ─╒℮⅜ ≢№╢↓≤⅜ ╢ √∞⇔

Ŭ20° ─ │ ⌂◒ꜝ►♬fi◓≤ ╩

ⅎ√∞↑≢№╡ ─ ≤│ ⅝ↄ ╢ ∕

─√╘ ╛ⱨꜝ♇◦ꜙ │ ─ ╙ ⇔≡

™╢  

 

H.6  補足1（無修整歯形） 

 H.11≤ H.21─ ≢ ⅜ ™ ─ │

H.31⅔╟┘ H.32─╟℮⌐ Ŭ20° ─╒℮⅜1.2 ⅝

⌂ ⅜ ⇔ Ⱨ♬○fi ⌐ ⅝⌂ ⅜ ╣≡™╢

╕√ ⱨꜝ♇◦ꜙ ╙ H.33─╟℮⌐ Ŭ20° ─╒℮

⅜18ϴ ™ ⅜ ⇔ ∕─ ╩ ╢≤ H.33(a)≢│Ⱨ♬○

fi ⌐ ⅝⌂ ⅜№╡ ╕√ ≢│ ∆∂⌐ ∫≡

⇔≡™╢↓≤⅜ ╢ ↓╣│ Ⱨ♬○fi ≢♩꜡◖▬♪

⅜ ∆╢↓≤╩ ⇔≡™╢  

 

 

 

 

 

 

     (a)Ⱨ♬○fi          (b)◑  ꜘ

H.31 Ŭ20° ůHmax=2386MPa  

 

 

 

 

 

 

     (a)Ⱨ♬○fi          (b)◑  ꜘ

H.32 Ŭ30° ůHmax=1968MPa  

 

 

 

 

 

 

   (a)Ŭ20° Tfmax=73.7ϴ     (b)Ŭ30° Tfmax=55.7ϴ 

H.33 ⱨꜝ♇◦ꜙ  

 

H.7  補足2（非対称歯形歯車の例）  

 ─ ╩ 

H.34⌐ ∆ ↓─  

│ ꜡◦▪─Asymmetrical  

gears - some of the TV7-117S  

turboprop engine gearbox  

components and assemblies  

≢№╡ ⌐ ⇔≡™╢ 

≢№╢          H.34 ─ 5) 

 

ỢWeb⌐╙ ╩ ⇔≡™╕∆─≢↔ ↄ∞↕™  
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