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ABSTRACT

By developing a computer program for the systematic design of worm gears,
the design formulae and tables of AGMA, JGMA, BS and DIN are analized and
compared.  The computer program can be used on micro-computers.  According
to the input data of the reduction ratio, the center distance. the driving torque
and the material as design parameters, the program calculate the most efficient
worm gear dimension.

" The variation of the design parameters and other empirical coefficients in
case of resulting an inadequate design gear dimension can be easily modified th-
rough the way of interactive method between the user and the monitoring system
of computer,

A proposal of the standardization of worm gears was made in which a st-
andard module according to the DIN 323 standard series number was applied.

For the more exact and effective calculation of the stress concentration
and the deformation of gear teeth, a computer program using the boundary ele-
ment method is also developed. Even the strength of the special gear shape
such as Niemann's "Cavex" gear can be calculated in a short CPU-time.

The most effort of this study has been layed on the developing a computer
program for the correction of a tooth profile and face width which is most im-
portant design factor for an exact and wide teeth contacts under loads, especi-
ally by great and wide gears. For this purpose were investigated the tooth sti-
ffness, the mesh interferences and the kinematics and the dynamics of gear mesh.
The deflection and the deformation of the gear shaft due to the loads acting on
gear and shaft were also considered. Some examples have shown the sufficient
good status of teeth contact inwhich the correction of the tooth profile and face
width were accomplished due to the calculated results.
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F2-1 AGMAZ2] Zvle m&

BAA S Km (Ref. 1)

=S A= ¥l 3~19.9
:E 0 1 2 3 4 5 6 7 8 9
3! 0.500| 0.511)] 0.522| 0.532 | 0.543 | 0.554 | 0.562 | 0.570 | 0.577 | 0.585
4| 0.593| 0.598 | 0.604| 0.609 | 0.615 | 0.620 | 0.625| 0.630 | 0.635 | 0.640
5! 0.645 | 0.649 |.0.652 | 0.656 | 0.659| 0.663 | 0.666 | 0.669 | 0.673 | 0.676
61 0.679 | 0.682 | 0.685| 0.688 | 0.691 | 0.694 | 0.696 | 0.699 | 0.701 | 0.704
71 o0.706 | 0.708 | 0.710] 0.711 | 0.713 | 0.715 | 0.717 | 0.719 | 0.720 | 0.722
8] 0.724 | 0.726 | 0.728 | 0.730 | 0.732] 0.734 | 0.736 | 0.738 | 0.740 | 0.742
9| 0.744 | 0.746 | 0.747 | 0.749 | 0.750 | 0.752 | 0.754 } 0.755 | 0.757 | 0.758
10l 0.760 | 0.761 | 0.763] 0.764 | 0.765 | 0.767 | 0.768 | 0.769 | 0.770 | 0.772
111 0.773 ] 0.774 | 0.775| 0.776 | 0.777 | 0.778 | 0.779 | 0.780 | 0.781 | 0.782
121 0.783 ] 0.784 | 0.785| 0.786 | 0.787 | 0.788 | 0.788 | 0.789 | 0.790 | 0.791
131 0.792 0.793 | 0.794 | 0.795 | 0.795 | 0.796 | 0.796 | 0.797 | 0.798 | 0.798
141 0.799 | 0.800 | 0.800 | 0.801 | 0.801{ 0.802| 0.803 | 0.803 - 0.804 | 0.804
15| 0.805 0.806 0.807 0.807 .808
16| 0.809 0.810 0.811 0.811 0.812
171 0.813 0.814 0.814 0.815 0.815
181 0.816 0.816 0.817 0.817 0.818
19| 0.818 0.818 0.819 0.819 0.820
S = u] 20~ 100
ﬁ 0 i 2 3 4 5 6 7 8 9
2! 0.820] 0.822 | 0.823| 0.824 | 0.825| 0.825 | 0.826 | 0.826 | 0.826 | 0.826
31 0.825| 0.825 | 0.825| 0.824 | 0.823 | 0.822 | 0.821| 0.820 | 0.818 | 0.816
4! 0.815) 0.812 1 0.810! 0.807 | 0.804 | 0.802 | 0.799 | 0.796 | 0.792 | 0.789
5| 0.785| 0.782| 0.799 | 0.775 | 0.771| 0.767 | 0.763 | 0.759 | 0.754 | 0.750
6| 0.745| 0.740 | 0.735| 0.729 | 0.724 { 0.718 | 0.712 | 0.706 | 0.700 | 0.694
71 0.687| 0.681 | 0.675| 0.669 | 0.662 | 0.665 | 0.648 | 0.642 | 0.635 | 0.629
8| 0.622] 0.615] 0.609 | 0.602 | 0.595 | 0.589 | 0.582 | 0.575 | 0.568 | 0.562
9! 0.555| 0.549 | 0.542 | 0.536 | 0.529 | 0.523 | 0.516 | 0.510 | 0.503 | 0.497
10 | 0.490
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¥ 2-2 AGMA 2] 4% A4 Kv 3t (Ref. 3)

vl s 00— 699fpm
wEE v 0 t 2 3 4 54 8 7 8 )
0.650 | 0.549 | 0.649 | 0.648 | 0.548 | 0.547 | 0.6:6 | 0.616 | 0.645 | 0.6H
1 lo.6es | 0.643] 0.643 | 0.642 | 0.841 | 0.631 | 0.540 | 0.639 | 0.639 | 0.638
2 | o533 | 0.637 | 0.636 | 0.626 | 0.635 | 0.634 | 0.634 | 0.633 | 0.633 | 0.632
3 | 0.631 ) 0.631 | 0.630 | 0.629 | 0.629 | 0.623 ; 0.628 | 0.627 | 0.625 | 0.626
+ | o0.625 ] 0.62¢ | 0.624 | 0.623 | 0.623 | 0.522 | 0.621 | 0.621 | 0.620 | 0.619
5 | 0.619] 0.618 | 0.618 | 0.617 | 0.616 | 0.516 | 0.615 | 0.614 | 0.614 | 0.613
6 | o613 0.612] o.611 | 0.611 | 0.610 | 0.509 | 0.609 | 0.608 | 0.608 | 0.607
7 | 0.606 | 0.606 | 0.605 | 0.604 | 0.604 | 0.533 | 0.603 | 0.602 | 0.601 | 0.601
8 | 0500 0539 | 0.599 | 0.598 | 0.598 | 0.537 | 0.5%6 | 0.556 | 0.595 | 0.595
9 | o5 ! 0593|0592 0592|0592 0.551 ] 0.5 | 0.550 | 0.589 | 0.539
10 | 0.583 | 0.587 | 0.587 | 0.586 | 0.586 | 0.533 | 0.534 | 0.534 | 0.583 | 0.583
15 | 0.538 | 0.557 | 0.556 | 0.556 | 0.555 | 0.554 | 0.554 | 0.553 | 0.533{ 0.532
20 | 0.528] 0.527 } 0.527°|"0.526°[-0.526 | 0.325 | 0.525 | 0.52¢ | 0.524 | 0.523
25 | 0.300{ 0.499 | 0.499 | 0.498 | 0.498 | 0.497 | 0.497 | 0.495 | 0.495 | 0.495
30 0.4721.0.471 ] 0.471 | 0.470 | 0.470 | 0.459 | 0.469 | 0.453 { 0.468 | 0.467
35 | 0.446 0.445 0. 444 0.443 0.442
0 ] 0.421 0.420 0.419 0.413 0.417
45 | 0.398 0.357 0.336 0.3% 0.3
so | 0.378 0.377 0.376 0.378 0.375
5 | 0.338 0.357 0.357 0.256 0.333
6 | 0.2:0 0.339 0. 339 0.323 0.337
§5 | 0.3723 0.322 0.322 0.321 0.321
69 2.313 0.312 0.312 0.311 0.311
vlzzEl< 5 700 — 2990fpm
HE v | 0 10 20 00| 0 | % | e | 0 | s0 | %
© 7 (0300208 0.365] 0.203 | 0.300 | 0.733 | 0.265 | 0.284 | 0.203 | 0.291
10 | 0.238 | 0.257 | 0.255 | 0.234 | 0.252 | 0.231 | 0.230 | 0.219 | 0.247 | 0.2486
15 | 0.208| 0.207 ) 0.206 | 0.205 | 0.205 | 0.204 { 0.203 | 0.202 | 0.202 | 0.20
20 |03 0.174 0.173 0.172 0.171
25 ] 0132 0.151 0.130 0.130 0.159
29 | 0.137 0.125 0.136 0.133 0.135
w]l128d 4 % 3000 — 60000fpm
WEfE v| 00 | 100 | 200 | 300 | 400 | 50 | 60 | 70 | so0 | oo
3| 0.12:0 | 0.1310 | 0. 1278 | 0. 1243 ] 0.1215 | 0.1185 | 0. 1169 | 0.1120 | 0.1103 | 0, 108a
4 lo.1c50|0.1040 | 0.1020 | 0. 1000 | 0.0981 | 0.0957 | 0.095) | 0. 0925 | 0.0920 | 0. Cu01
s |0.0s39 | 0.0575 | 0.0862 | 0.0830 | 0. 0840 | 0.C830 [ 00322 | 0.0814 | 0. USG | 0. 0Tt
6 |o0.0m0
|
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Z2-3 AGMA Q) =™ ulaAlg 4 2] Fh(Ref. 3)

wj1z3d &% 0—499fpm
B 0 1 24 3 4 5 6 7 8 9
0.130 |0.115 ja.111 |0.107 {0.103 |0.099 |0.097 ]0.095 |0.vd4 |0.092
1 |0.09 [0.089 |0.0s8 |{0.087 [0.086 {0.085 [0.084 |{0.083 }0.082 |0.0S1
2 |o0.080 !0.0793|0.0786 | 0.0779 | 0.0772 | 0.0763 | 0.0738 | 0.0731 | 0.0444 | 0.0737
3 |0.0730 | 0.0726 | 0.0722 | 0.0718 | 0.0714 | 0.0711 | 0.0707 | 0.0703 | 0.0639 | 0. 0535
5 lo.0s91]0.0687 | 0.0684 | 0.0630 | 0.0676 | 0.0673 | 0.0669 | 0.0663 | 0.C561 | 0. 0653
5 |0.0654 | 0.0651 | 0.0647 | 0.0644 | 0.0640 | 0.0637 | 0.0634 | 0.0633 | 0. 0627 | 0. 0623
6 |o.0620!0.06180.0616 | 0.0614 | 0.0612 | 0.0610 | 0.0608 | 0.0606 | 0.0504 | 0.0602
7 |o.0600 | 0.0598 | 0.0356 { 0.0554 | 0.0592 | 0.0590 | 0. 0388 | 0.0335 | 0.038+4 | 0.0552
8 |0.0380{0.0578 | 0.0576 | 0.0574 | 0.0572 | 0.0570 | 0. 03568 | 0.0365 { 0.0354 | 0. 0362
9 |0.0550 | 0.0538 | 0.0556 | 0.0554 | 0.0552 | 0.0350 | 0.0548 | 0.0346 | 0.0344 ; 0. 0342
10 | 0.05400.0539 | 0.0338 | 0.0537 | 0.0336 [ 0.0535 [ 0.0334 | 0.0533 | 0.0532 | 0. 0531
15 | 0.0488 | 0.0486 | 0.0483 | 0.0484 | 0.0483 | 0.0482 | 0.0481 | 0.0450 | 0.0479 | 0. 0478
20 ]0.0435]0.0434 | 0.0434 | 0.0433 | 0.0432 | 0.0432 | 0. 0431 | 0. 0220 | 0.0429 § 0. 0429
25 10.0:00!0.0399 | 0.0399 | 0.0398 | 0.0397 | 0.0397 | 0.0396 | 0.0355 | 0.0354 | 0.03H
0 |0.0363 0.0363 '
35 |0.0346 0.0344
40 |0.0227 0.0325
45 |o.0311 0. 0309
49 |0.0298 0. 0297
al1z8d< % 500— 2990fpm
#Evl @ |} 1o | 20 | 0 | w0 | % 0 | ™| o0 | w
5 o.mcaioovsz 0.0291 | 0.0289 | 0.0287 { 0.0286 | 0.0282 | 8.0280 | oozrs{oov,o
10 0.0’1,‘00"16 0.0215 | 0.0214 0.02!:;0.0213 0.0212 1 0.2211 ! 0.0210 } 0.0200
15 | o0.0181 0.0179 0.0175 | 0.0177 P 0.0175 |
20 | 0.0160 ’ 0.0159 I
25 {0.0147 | 10,014 I
29 |o.o1:2| Fo.o4t |
vlzzels % 3000 — G000fpm
,g;;gvlouol1ooizoolsoo[4on(son|soo[rmisoo!9m
3 | 0.0l o, 0139} 0.0128] 0.0137| o©. omg 0. 0133; 0.0133 ! 00133 0.0123] 0.0132
4 o.oml 0.0131} 0.0130f 0.0130| 0.0128, 0. 01291 0. 012 o. 0123.l 0. m*; 0.0127
5 | 0.0125] o.ov 0.0125 0.0125, 0.0125 0.0121 omzxi n.Gi2%: 00122 0.0123
6 | 0012 ! | j
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vl A A PROGRAM FLOW-—CHART NO

Hu) (i) A ARl (A), OUTPUT TORQUE
-

7
sl el ek, 21%d 814 (n), 2 & ]l =

S A SR AL 7B AL, A K A
S B gl A A, A, A A A AR
(FHaat 7 IGMA)
ledEs 7,44
Al Az, 2
FE Farg oA )
oo R y
FATE I Zooll ubi 219d 5190 w xR E A d, o] A4k

FAl ek dool w2 s A8 A4 d, el Al

d, 7 = -goll ubE = A4 ge] A4k

NO 6 <q and q5>

Yes

dy, n, el Qlfﬂ' o1z 2] S vs Al 4k
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(3) F7tsl& o8 A=

2£2-5 AFAs FrtEE dHxs
DESIGN PROGRAMdA L wl3 9=t

AR 4A) A5He AT Hd F Fileg|2lx| 4 & 2 =
5 ; 2 LS| €4 & a4 2el
WY Hg, A3l YIHUY FALEE e I
- ey =
Al AEER] @7 sl Fol b2 ¥ ARE LO| 24433 % Ao
Al # ek LB | wel g% & 7ol
DK| 7] &
SHAFT | LP | #lo]% & 3lo]
—_— LT| g3 7ol
] DA| 94 3= AA
= DB| ool Ay% & =3
DC|wAgY % ¥
DD| #d 59 % A7
py| TY=1:292-29 {b)&
- TY=2:2¢2-29 (c}§
D AdFde Wy AA oYy
] fluga ve
ad2-2 A4 L A
X2-6 AGMA Q] B AL Fs
7Gx 7t M2 glg w
| = 197k9] %7 F3 Ax
EFA ) eqan [ZE [HE 03
s [374s15 | A%
ZHE-30 2717 0.80 0,90 1.00
ZrE 2 A7 0.9 1.00 1.25
1 ¥ 441047 | 1.00 1.25 1.50
o424 A7k 1.25 1.50 1.75
7FE. 30 271 0,90 1,00 1.25
¥ 2 A7k 1,00 1.25 1.50
SR 3 A& 1047k 1,25 1,50 1.75
Wl 7at od £24 A7} 1,50 1,75 2.00
7HE 30 £} 1,00 1.25 1.50
7k b
o 7 % _?247_ 1,25 1.50 1.75
ol A3 A& 1047k 1.50 1,75 2.00
s d24 47 1.7 2.00 2.25
71 &2 2 7F1 A1 Zbel] 103} o] A+ 2U-& =
7E- 3074 0.0 1,00 1.25
45 7 ¥ 247k 1,00 1,25 1.50
od & 10417k 1,25 1,50 1.75
A& 24 A2 1.5 1.75 2.00
T AFEAY A 2 AHEAY Aol 19709 A SRS gjaee g
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(4) SHAFT = WHEEL 2] ELOW CHART
[ DATA INPUT ]
l PLOTTER MLODE t‘-jvg‘] o
Bzlakell 28 F At A =7 (s)
Ye:
L DATA =DATA /S —l
|
L 73 Al A (Boundary Point) Al A} —I
]
IR ]
I
TR
i
EEEEEEECTR
Designoll 2]s] A7 51 dAWS2 o5 W F7}g 7ele] matels S-S Fol 4A st
d apgel sl A ol gsted AFAIET & = el wEslole @ 4 oo
Apol 1Y 2-3 3 22 -4 9lch A 2e Ha]“t}‘_}““%_‘_’“}'
AR AR wE AFeFe Ae ZA Y
3. X535 gt ehdel Hd3 Q3L HdolA Y A
oA olFdt dhe} o] FHE A ghol v
Hd7AE 2F3ste dHole oAy AAES #ug A Auld oy Hel Sk A"
meldfof gl ®A FEA A RE A9 FHol Hg ol & A A5E ¥ Havt
A FAAR @ REE IFIHEETF U el =welA e 2 YA A" %3
=}, -3 3} ol Al kel
A YL AP Tl web 5748 Y A2 7 AYE FAE € 7 Uk
L2 7EE T Sk A Aol B Jles e ] lay 5
FA AR = 40 mm~ 500 mm 7}x] 2 A cls}e] o &J3t ulat- w7l A 7w, o] mpae] 37
ol 4tH ol g7t F&3e wlwAE -4 v wod 9 &g A3k, wkmel o3 =9 sb£F
Bhil it ol &AA A1 gt webd ZHEEI} 91
Earged A e 9959y RS AT = 4ol =tk
2% DIN323 A4 2+% FFFsle] Z3- + AAlged e 2EATE AHEshd  fsdel
1, E3-29 zo] FAReL xa% 38 olul HAHALelAE 128 ool 3t
BERg9 £33 = s1E Hob & 3E3)38l4, o2 AA| ghe}
AA Al vtel Bha] Hob g 7bEdfof st EH 3 7°L5 74] AL s ZHA4-S JGMAS AGMA
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wFAadFetsia] A3 W H33F 1986. 9

23-1 Zuy 2Hge 2 2 Dmm) & Al bRkl
ol odFo] fodrlele] H3 ZFEIFE slo

LA | AeAa | A3 o} & Aolch
1700
1.1e
1,25 — s
‘ ' 1,40 ’ 4. AeAd?
1’ 1.50
1 60
1,80 Qair] el A EAEL gH3 Al - AA
2,00
2 T2 44 Bebeleh HgE Aol
2.50
4750 2L 3]d7]ole Design Programeoll o3 &
' 3 -
49 23-103% 2o
5.5 29 4-1 ash 2ol Anol A, xeh =3
4700
’ 4.50 A Eo 2 TE APt 1Y 4-1bset 3
I ol Anol A, uh Fom 9yl 2| Zijo 3
- o 32 guad olgA 29 A% A 93
A3 AR Al 2] A Wy
' 9.00 o8 o] 2 =& WP B FHAT C;
10,00 . } . .
11,20 g :;7_'5]":& 7] %’C’“ Odty_ 3]’% "\i‘—:‘*’:—% oé%‘?- gl
. 12.00 g ol A4R 3F $EEid o4 A E
' 14,00 A HHBE A At olalel AT AEF A
1600
18.00 . . .
20 00 #3— 10 A AdA M ol g o] 7)o g
’ 22,00 AFel Fx2g
2240
25.00 WOFRM GEAR INEUT DaTh
1. OXIMATE CENTER DISTANCE 270
_ e wmo =g 7L z. D RATIO "¢ I ) 1739
E3-2 12vh AL 258 A U =. UTION CF WORM (R.F.M) 1700
&, e OF HELIX RIZHT
" [ " ] s l s L s S. CUTFUT TORGUE (KG-M) 15
WORM GE6R CUTSUT DaTA
r
1. AXISL MODULE OF WORM 16
2. DIAMETRAL GUOTIZNT 7
o . ULATEC CENTER DISTANCE
o 22352 #ild rRoth a2u olE 4. TUTICN GF WHESL (RPMY
=. SITCH DIAMETER (MM
el JFAFs G2r] o ol zol= 4G 5. ErToH D;AN‘-_TIEF\' )
) 7. WORH M)
3 ohE el ek (R3-5 HE) .
= g3 §ue 2T 44 B chiz 13’
}“Z__"‘L, _}‘7-_3‘:}7] %r ‘}%3—7{1, %%AO‘-EH %‘2‘ OiBJ: 1;
% wol wich | =
webd] 2 A AR o= 15 FAH = =i
g A7 s A8AR, ATR, zUAE |
; N 2. = [ o2
of ok, | ol st AAZT Hoprt 2 Al 21, icaL EFeIciEney :MT) 84.5279139
< =113 oL W LEHGTH ¢ MM ) PORESDheed
A2 & Zeldhe Aol wiEAdhY 33, ZFEECTIVE WHEEL FACE WIDTH &0 5a17-8
= - 23 LIMIT TRANSMIT FORCE (KB) 2047.50104
o 7o) 2~3%9 FHE AZgHEE AAHES A 25, INFUT  LIMIT FOWER  (HF) 25 =:sa;3‘1
UZe ckdA A4S dgstel A 2o okxld L B 2&. OUTAUT LIMIT POWER (KR)  17.7254007
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$3-3 Andgsel sl 8 S A46) clim

X
AaAdd Az Hed A S clim um:tf?ln/s )
$=7 Ay 433 1,55 30
A F WA F2F FE 7 Hg 400 1.34 20
¥=7 Hy 250 112 10
TEZ el &34 1,27 30
JdAE A=FE $Z7 Hy 400 1.05 20
&7 Hy 250 ! 0,88 10
JAT A4HEE = T2 A g | 1.05 30
L gz #E7 Hp 400 0,84 20
- 27 Hy 250 0.70 10
dE7 e 23 0,84 20
&5elE AT 474 Hy 400 0.67 15
3Z7 Hy 250 0.56 10
3 = 7 Hy 400 049 8
° 3F % Hy 250 0,42 5
&3t 23wk ¥
A4 Fod AT Ao Az ¥ 0.70 5
4.
0;13%4% wE 0.63 2.5
2
2% 34 #23 2e. o 9
A9 Axucp 2 A 0.42 2.5

E3-4 FAALAS G &) WA CHAAA Yl wE NYSAE 1000 pm L)

s

A1 A1) ZA4712] mm

RN s | so 63 80 100 125 160 200 250 | 315 | 400 500

10/1 86.84 | 87.42 ) 87.66 [B9.20}89.21]190.70}93.16 ) 92.56 ] 93.44) 94.93] 95.41] 95.51

20/1 77.39 | 75.81 | 76.17 [81.57 { 84.13)84.13 189.91|87.28}88.21{ 92.091} 93.54] 92.35

30/1 69.84 [69.84)72.02 [74.95)74.95178.01 | 79.45 | 80.84 | 81.55( 88.21 | 90.47 | 89.08

40/1 66.33 169.84 | 69.03 [70.50 ] 74.95|74.95[76.12]79.45| 80.84| 80.97 | 83.01{ 89.30

50/1 69.94 |65.05175.57 [76.33 | 78.22 | 70.62 | 80.55|82.28{ 77.21| 84.38] 85.39 | 81.43

60/1 63.35 | 71.30 | 66.34 |67.02 179.39 171,20 |72.96 |81.56 | 76.74] 79.45| 85.12 | 81.08

70/1 62,71 166.30 [ 69.16 |69.84 |69.84 |73.30 |V4.95 | 74.94 | 78.55| 79.64 | 80.84 | 81.55

80/1 49.87 164.34 | 66.33 |68.83 |71.34 |T71.34 [71.74 |77.04 | 76.28} 79.68 | 81.26 | 81.94

90/1 62.71 |62.71 | 64.63 }66.33 [69.84 [69.84 |69.03 [ 74.95| 74.94] 77.45{79.45 | 80.83

100/1 - - 61.28 |71.30 |67.63 |66.69 177.39 {70.33} 72.96} 73.41 | 75.39)79.19
B4 &u] 17b Sk G580l Aadhe Aol vk FaAAS Aolx|d AdiHow
HAds2d AA 4, Y g4z Qg mhEHElE ghol AXA Zgo] zb4dhr)

Fx7b k2 74, whx: FbskR ¥ AL EF EREY] o4k g« Felth
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F3-5 AAAdAGe] 5L

¥
Eic)
ot
s
o
T+
rx
o
o
K
i)
o

el
A
&2
rr

n,=1000rpm. A2 500mm LA QA FTAHFT= AR d | gF2 (&5
) 4 A =} ] A1 Al AGMA v
10/1 4420 4420
20/1 4920 5150 0.955
30/1 4740 5100 0.929
40/1 4620 4980 0.927
50/1 5020 4830 1.039
60/1 5020 4820 1.041
70/1 5050 4360 1.158
80/1 4730 3800 1.244
90/1 4350 3270 1.330
L 100/1 3986 2770 1.437
39 1 2 Yoo dsle HELFHE T A A TAe] Aozt 3
2 Fo| & BEA.

FAA 40mm 50mm 6 3mm 80mm
W 0¥2[7, Zol 4 M | 2| %% ™M [E % ]9 "a |Ba] %2 @
10/ 2 {19]6.4 Puas| 2) 19| 6 | 4 3 30 | 10{3.15 |3} 30| 10
20/1 1 [20]6.67 (3 1| 20 87355 1] 20 | 8 | 4.5 1| 20]6.67
30/1 1 30| |2 1] 30] 10 |25 | 1| 30| o] 3.15{ 1] 30} 10
40/1 1 40|10 J1.6] 1] a0 10 |2 1] 40 | 10,40 2.5 1 1] 40 |10.8 |3.15
50/1 1| s0]7.a41.a| 1] so| 12.5{1.6 | 1| so [e.25| 2.24| 1] s0|7.14 | 2.8
60/1 1 {60 1143 1.12] 1| 60| 6.67\1.5 | 1| 60 | 10| 1.8 | 1] 60 [11.42] 2.24
70/1 17010 {1 1l 70 10 {r.2s] 1| 70 |8.75) 1.6 [ 1] 70 | 10
80/1 118l20 {o.8] 1|80 9.2001.12] 1| 8o | 10] 1.4 | 1] 80 |8.80 |1.8
90/1 1| 90| 11.1gfo.s] 1| 90f 10 {1. 1| 90 |10.8] 1.25{1 [ 90 } 10 .6
wo/t | —| —| —- | — | =} = — | — 1 1{100 |12.5] t.12}1 {100 [6.67 |1.5
Z, 3§99 T Z, : 9d31de ol
q AAFAT(ZY e £xAH old 3o A Y )
m, : 949 F %W ETHE (mm)
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#3-7 A Aol oa Aalvlele] Fa AAEE

Z=A1 Al 100mm 125mm 16 Omm 200mm

) (i)ﬁ";—’?— ‘ AR AR AR NE A E7 A
10/1 3| 30|10 5 3130{9.68(6.3 439 |6.07 7.1 [4 [39 ] 1L |8
20/1 2| 39 11 4 2139 111 5 2139 |6.07 7.1 |2 (39 [ 11 8
30/1 1| 30f 10 5 1130 9.6816.3 | 130 | 10 |8 1 {30 | 10 1o
40/1 1| 40] 10 4 1|40 [10 5 1140 [10.79 6.3 [1 {40 | 10 8
50/1 1| so|6.3al3.55| 1] 50 {12.5] 4 1§50 [7.14 [ 5.6 |1 [50 16.34.]7.1
60/1 1| 60]|6.67]3 1|60 {10.424 3.559 1160 |1L.11{4.5 {1 [60 [6.67 | 6
70/1 1 {70110 |2.5 | 1|70 [9.37]3.19 {70 | 10 4 11170 | 10 5
80/1 1} 80| 9.28(2.24| t| 80 {9.2912.8 | 180 |10.14{ 3.55| 1 |80 | 8.89]4.5
90/1 1 | 90|10 2 {90 f1o 2.5 |1f90 j11.58 3.15/1 [90 | 10 |4
100/1 L {100 | 11.1f 1.8} 1 |too j11.61f 2.24[ 1|100{6.67 | 3 |1 |100[12.68]3.55
Zy g9 B+ Z, A9 AdF
q AAATF(R FLE £%H olsl 3AtelelA ukeY )

m, : ¥4 & Wi ZFE&(mm)

3-8 2AAA L ofat fiadrleie) FedAHs

FAA™ 250mm 315mm 400mn 500mm
Ea (I)‘i“_‘/:" zl 22 q m, Z1 Z2 q ma Zl 22 q m, Z1 22 q ma

10/1 4 |39 11 |10 | 5f596.25 [11.2 | 6| 60]6.67 | 12 | 6| 60[11.43 | 14
20/1 2 [39| 11 |10 | 2|39 6 14 | 3] 60l6.67 | 12 | 3| 60{11.43 | 14
30/1 1 f3o0f 10 [12.50 20 59| 11 9 | 21 59(7.67 | 12 | 2| s9fi2.43 ]| 14
4071 L |40l 1o 1o | 1|40 10.4f12.51 1| 40 10 | 16 | 2| 79(10.29 |11.2
50/1 1 | s50]12.5[ 8 1| s0l6.25 [11.2§ 1y 50(7.04 | 14 | 1| sop12.5 | 16
60/1 L | 60j10.42] 7.1 | 1] 60| 10 9 | 1)e60f6.67 | 12 | 1| 60[11.43 | 14
70/1 v {70]9.37] 6.3 1|708.78 | 8 | 1| 70|10 | 10 |1} 700 12.5
80/1 L |80]9.29) 5.6 | 1]|80[8.73 | 7.1 | 1] 80j8.89 | 9 |1 80pp.2 | 11.2
90/1 1 o010 |5 1{oof 10 [6.3]| t}90j10 | 8 |1 900 10
100/1 1 [oofit.1i} 4.5 | 1 J1ooj12.5 | 5.6 | 1[tooft2.68] 7.1| 1 |100fi1.11 [ 9

Z; 9 T T AL DE RIS
q :AAAF(L£5A o3t 3z g™ )

m, ‘¥ F 4 55 (mm)
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£3-9 A8 Wsol G ge] A (A AA Y] wWE FA2] 100mm 919 7101)
%loéxﬂ;f_‘?(rp
&) (i) ~_| 200 500 1000 1500 2000 3000
10/1 82.21 86.46 89.21 91.44 92,11 93.12°
20/1 74,84 80.40 84.13 85.90 87.28 89.17
30/1 62,71 69.84 74.95 77.46 80.84 82.27
40/1 62,71 69.84 74.95 717.46 79.45 81.55
50/1 68.76 72.27 78.22 79.98 82.28 84.21
60/1 67.73 71.30 77.39 79.20 81.56 83.56 !
70/1 58.70 62.27 69.84 72.00 74.95 77.45 '
80/1 1 60.43 64.38 71.34 73.46 76.28 78.69
90/1 58.70 62.27 69.84 72.00 74.95 77.45
100/1 56.19 60.27 67.63 69.90 72.95 75.60
4 ¢ rom8 $7bo 589 FUMEe FAlsle AL vang &5 V8 Zsbd
HE A G o oA LS 9u]sls] o Fol o},
3 2 Zoll A% ST £EXE A ==k
&y
D e L2
(/> T 3
2
b. Am < Ar
LR R
5. AW 3 AF $y =eay ol gt AL vle] alFstd slole B
W7k Fzstam 2 Fe A dF 2o}
o] = <
7b. 2R Ex TAINES e 2Y sHSE] 3 F 5
e Agete Ao AL & 1%, J o gaste me) o] =z gae Ego|t}
ol #ae My Fog ol Y 4teis} 2 EE o] Z2ade sl & 9o
FHAA A Fel A3 3ol BTYSA EE Ao 2sje] o], ag)d 7o), ¢4 23
= s
A2 AF, £, 2 5T 2 o glg Aol s Aol Fsiet
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.o zzage] 74

zZragg Al A FE2E relA QU
A ods Zzage]l TYHIL, oledx F s
o} 4 Wl zZgade] Adlz Y, 3§
vpe] zeawe] s3¥g e o F ZEa
Be s Hashr] @Frk 2, A4 =2
azell A A4 @E T4 T hE 2RI
el Vg7 7+ Relative fileo]l HAAA

% " oop 3Es ALslAY Az
ez = A7

[e]
mgk, A4 Tgg@e 3h)e Data filed
g2 3z, 3vF] Output filed wbETh

r/}.. ;:_E_la‘ﬂoﬂ DH%J_ ,{éué(asw)
(1) =273 - 1

25E, A4 4HA4, S

% 7lelel A

Data file 1 ——
t file 1 —=-— i
Output fi Program-1 Relative
file
Data file 2 —
-
Record
Program-2 length=51
—_—
Output file 2 =——
Data file 3 @~——
Program-3 O
Output file 3 =

18 5—-1 g oo 4]
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Els e deletet QAL B4, 27, wo} g % A, 29 A, By Qe 7, ERw
A7, wWokae 24 5 F3} wotgel g 9 TUE & Adsle 1 k¥ Relative file
g dlolebs TSk, ol & g wlolete] A ol A=A A 7lck
L AEZel gkl ol 2] ( error )b WAy s} (2) =z - 2
| AT FA5F ol 2] W 41 %] ( error message) Relative file® Be Zz @l -14]4 A
2 9 FEoh oolzsh gom, Qg e w A’E AR T Sl o doletel #o £ 23}
g} oredvlol el Output file 1o] A7l %, 58 EWE F% "ol 54, Ad #EHY
2%, 34 =z, 7ol Agsle sF, 7l 2( transfer matrix ) W% o]-g3) xy-%
(4) =4 % (flow chart}
D 2z ael— 19 FAx%
o H [
[ Aol ek READ -
AN\
/w>
# &, 7lojo] zgshi BHFE, 1R,
9274 B3 s A
[
7k Aol el wig g mallE A4
I
7]ololl eHEF TE o] E}E Array Dio)] = =

ale] 4% =

|
]
1T

Jedrdel 747

|
[
[
l

L

-t
i

| 7lofel six0sk o Foildo) by wole g At |
zhZell o) gk
RoAEZ sEe 7d malE 5 Aray z4 of oiF}
[ ql®d ololele] WIS HAE |
- }
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m, xz-¥%, HEYn (surface of action) fluence matrix, 7|ole] 3l 4 AY 52
Aol &9 Wy AN AT sHF, del o F, ¢EY A AT, 5F 55 A
s, 23 &F 52 Alstn, 2 FEE 7, 2AF Ad WY, AF H]YE, 2 A4 9
Output file 2] A7}l Wy ek, 2 Fol Q3 FAFEE 55 AlAge
x=F, 35 LA, ¥ 2L A4 F,
(3) =z =) - 3 I ZFEE Output file 3¢ = AA]7Ic}
Relative file 2 Y-8 3¢ w3 %3 In-
@ zZral—29 4%
r Aol F-2} READ T
[ Relative fileoll 4 %2 aF 3% %ol 5 ]

2l 29 sedslxl 9ok el xy — i ixz — 93w
mrE-alnjoll 4] o) FHeol %5 AL
2bZab sred el & 73 ol xy — ¥ udel A 2]
Hol A2 A4
Aol zEsle ;T sF, R E dF, wolEe}
o] & Wl el 7} xy ~ izl o] F= zHg A4
//k
<<VELL
[ - influence matrix 2 74 & J
A g3 Alargk F 2] 3 Influence matrix E
o] -g-3sled A 4LgE FH o 3-& vl
1.
I

= 4. |

(sTOP )
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@ Zrgoawdl- 32 Fax

[ Aol 21 READ 2
I Relative fileoll 4] L2 3 31§ glo & j
]

I 223 24 A+E AL |
| A Wl s A4l ]
Aol A% ol A A el Aelst shEEF

Alg-g At
st e

3 mulEe}l 2pFo o A E AFPAG AlAdsln
2 & A A W aks AlAb
— |

NIT> 151 3} F 4]l olx o 23 83 skrle]

27F A2 gl A E AR
T
1
[ A% FASe A3

I

ey

2] LA HEH I x| Zell A7 sFREE A4

=] A
pis

|

]
]
|

L
A eke A
I

4k

SHERE A4 Kisob Kea T 7

T

c

sheel BEEF et onct £AE AE |

[
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@ A% 49 o

22 4 Z2a9E o] £l 27 U)1AY GEAR SPEC 1 st 2 nd
FA s Ak A A ZEE 2k &9 RS 5 PINION GEAR [PINION GEAR
Agled} 2 ¥ & 10 14

&4 8 74 20°
U 4 =#Z| L 15° R R 10° L
3l F s | a7 ] s
o] & A4 | 215,67 422_34 279 67 520 32
A9 A 4 |+0.466 -0106 +0.357 ~-018
2= 7k A g 309 mm 372 mm
o
L :
) : X
v !
; R ”
; T | :
li i 4 Ii :!
l' ) ,“\l 1 1
e ‘ : :
: | M \ 1
( t H | .l
1 : , :
i %
AR X | X
572 X |
|

8 5S-1 2% )
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page 1.

-+ GEAR CORRECTION == 850712
b REDUCER OF WOORIM CO. 1ST GEAR MESHING =»»

INPUT DATA

1. 0ATA FCR GEAR

1. SPECIFIC NO., SPECIFICATICN OF GEAR AND LOAC FACTOR
A

N
N NN FPNN
X 61 (1 MN ALN BETA T €61 (4.7 CBIRGASB
111 10 HY =15 1
2. TORQUE, FACE WIDTK, COCRDINATE CF GEAR CENTER
TU L1A Ule LZA U2e 1 X A v
2C8. 08, 18 Q.486215.€7
~-1£687. 213. 1103. 41-C.106442.34 =309,

II. DATA FOR SHAFT

4. NO. OF NODES, MCOULI OF THE MATERIAL

NTP EN [-1,] RO
9 1

S. DIAMETERS, SUPPCRT CONCITICN AND EXTERNAL LCAOS

u DA b1 ‘¢S ¢D ¥ Qv Fv Fu My (4] TL
9.5
28.0 93.5 -1
136.0 §3.5 -1
205.0 93.5 1.56
307.0 1240
450.5-124.0
453.5 98.0
482.5%5 98.0Q
508,5
page 2.
~e GEAR CCRRELTICA ~- 2O732

EXPLANATICN OF INPUT DJTA
FORPAT: Fé.d, WHEN NO SPECIAL FORMAT
OATA FCR GEAR
NK - (I2) NO. OF (DOUELE) GEAR MESHING
NG - €I2) NO. OF CRIVEN GEARS IN THE GEAS MESHING
=NG : NO. OF FLANET GEARS
» NI - (I2) NO. OF €EARS TC B8 CORAECTZD
* €6 CN/MP20.00TIMEY AVERAGE SPAING CONSTANT CF TOCTH
IF NOT GIVEN, CG IS CALCULATEL IN PRCGRAP

LL] m NORFPAL FODLLE
MAN € NORMAL FRESSURE ANGLE
BETA @ PITCH HELIX ANGLE
(21 LOAC DISTRIEUTICN RATIC IN QOUELE GEAR
= LEFT~HALF / RIGHT~HALF ; CT = 1 I[F NOT GIVENK
s €81,2,3 LOAD GRADE FACTCR

NP R NPG ¢X1) INDICES DENCTING PRECCRRECTED TCOTH SURFACE PRCFILE
FCR DRIVIMG GEAR (NPR), DRIVEN GEAR (APG)
* 1 2 ON LEFT YCOTH SURFACZ, = 2 : OK RIGMT TCCTK SUFRFACE
= 3 1 CN BOTN TOOTH SURFACE
NA €I1) INDEX FCR THE PLACE WHERE INPUT OR CUTPLT TORQUEACTS
= 1 : LEFT OF GEAR TC BE CORRECTED
= 2 : RIGHY CF GEAR TG BE CCHRAECTED
IF THIS GEAR 1S A 1IDLE GEAR, LET KA = QO
N8 CI1) INDEX FCR CUTRLT .
=C: ALL, = 1:; LIKE O, EXCLUDING EXPLANATION CF INPUT DATA
LIXE 1, EXCLUDING CALCULATION FOR SHAFT
®37 LIXE 2, EXCLUDING DATA FCK GEAR
*4: CMLY CALCZLLATION FOR SHAFT
TU Ne*M TYISTIRG MCMEAT
UTALUTE [d.] COCRDINATES OF STARTING ANO ENDING PT. CF FACE WIDTH
FOR LEFT=HALF GEAR IN DOUHLE GEsR
U2A,u2€E LL] FOR RIGRT-FALF GEAR IN DOUBLE GEAR
z - NO. OF TEETH

= X - ADDENDUF MCOIFICATICN COEFF.
® 1CC : CALCLLATE IN PROGRAP
* DA L1 GUTSIDE OIANETER
You MM (F7.0) CQORCINATES CF GEAR CENTER
LR} L1} COCROINATES OF PT. WHERE TOOTW Su#~' " cROFILE IS PRECCARECTED
® =1 IN CASE CF BIRECTICN &' FOTCCTH
IKN CASZ CF TCCTH SURFACE 22 SRRECTED PCIATWISE:

1. U = CCCRDIMATE QF STARTING “T. of FACE WIBTHC = U12 QR U2M)
QTHERS U = DISTANCE FROK STARTING PT.
s FHU RUEM PRECORRECTICNAL AMCLNT
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DATA FCR SHAFT
NTP - €I2) NO. OF NODES
-3 N/nM2 ELASTIC MOCLLUS OF THE MATERIAL
DEFAULTCIF KCT GIVEN): 204C0C (N/PM2)
L1 N/MP2 SHEAR MCDULUS CF THE MATERIAL
DEFAULT(IF NCT GIVEN): 30CC0 (N/MP2)
R0 KG/K3 DENSITY OF THE PATERIAL
DEFAULT(IF LET RC = 1.): 78CC (KG/M3)

DA,DI M OUTER AMD INNER DIAFMETER OF SHAFT (FOR AEXY ELEPENT)
«0A, ~DI : CUTER AND INNER DIAMETER FLR CCNE-FORM ELEPEMT
s n/mp SPRING CONSTANT OF SEARING (®=1 WwHEN VERY STIFF)
(4] NeM/RAD TILTING SPRING CONSTANY CF BEANING(==1 LHEN VEAY STIFF)
AV, 0N K/MM PISYRIEUTED LGAC IN V=, W-DIRECTION (FCR NEXT ELEFEAT)
FY,F¥ N CONCENTRATED LCAD IN V=, w=DIRECTICH
TU Non TWISTING MCPENT
page 3.

== GEAR CORRECTION -- £50712

#e REDUCER OF WOORIM CC. 1ST GEAR MESHING #»

CALCULATION FOR SHAFT ELASTIC MCOULUS = 2CELCC.A(N/MNM2)
CENSITY = 78C0.(XG/PY)

t. DEFLECTION

COPPONENT OF DEFLECTION V, W AND RESULTANT OEFLECTION V¥
ANGLE PHIVW BETWEEN V-AXIS AND OEFLECTION VECTCR
RESULTANT SLOPE NRES OR STRES .

WITH WEIGHT, VE = DEFLECTION DLE TC WEIGHT (IN V-DIRECTION)

u v ¥ e PHIVH STRES VE
) {KUENM) (PLEN) (MUEM) (DEG) «) (MUEN)
¢.0 0.3 C.8 0.9 67.5 C.10Q8-C4 C.022
88.0 Q.¢ 0.¢ 0.0 werena  (,10QE-C4 G.0CC
_136.0 0.0 0.C 0.0 wears  (,20CE~C4 C.0CC
205.0 1.1 3.C 3.2 69.8 (.574E-C4 C.C52
213.0 t.2 3.5 3.7 76.2 C.555E~C4 C.0¢C
235.5 1.5 b.é 4.8 7147 CobaCE-C4 C.08C
28C.5 1.6 S.2 6.0 Thed C(.887E-CS Co.1L4
302.0 1.5 S.7 5.9 785.4 C.142E-GCh C.1Cs
307.0 1.5 S5.€ 5.8 755 Ce174E-0Q4 C.104
450.5 0.3 1.3 1.3 ?7.2 (.403E-C4 C.C27
£55.5 0.2 1.1 1.1 77.3 C(J4C6E-Cé €.Ce3
460.5 0.2 0.5 0.9 77.3 (C.409€-C4 C.G19
482.5 0.0 0.C .0 weann  (,L19E-Ch c.aoCC
508.5 =-0.2 -t.1 1.1 257.4 C.419E-04 ~-C.0QzZ

2. LOADS

RESULTANT CONCENTAATED LOAD FRES, POMENT MRES AND DISTRIBUTED LCAD QRES
ANGLES BETWEEN V~AXIS AND THESE VECTORS PHIF, PHIM, PHIO

u fRES PHIF RRES PHIV QRES PHIG
[4,1.3) (N) (DEGC) (NwM) (DEG) (N/PM) (DEG)

.0 0.0 frasw 0.¢ aewan C.5 JéC.C
88.0 2CC86.9 48,1 2.C 90.¢C C.5 3éC.0
136.0 15565.3 62.¢ 965.2 158.C C.5 Jéc.C
205.0 15948.7 62.7 165.9 300.¢ ¢l 34C.C
213.0 15941.C 62.8 281.9 31443 21%.8 67.1
235.5 11106.1 60.9 47%.8 346.C 215.8 €7.1
28C.5 1798.1 2448 7€2.3 156.3 215.8 £7.1
303.0 3727.4 266.1 670.3 354.8 i1 36C.C
307.0 3728.0 266.C 655.4 354.8 .9 3ec.cC
450.5 3739.7 263.9 119.7 353.6 .3 316C.0C
455.5 374041 263.9 1€1.0 353.5 .7 34C.C
46C.5 3740.5 i63.8 82.3 353.9 (%) 36C.0
482.5 15.¢ 0.C 0.2 89.% C.6 36C.C
508.5 0.6 LAAAL 0.C 322.4 C.é 36C.0

page 4.

== GEAR CORRECTICK == 850712

REACTION AT BEARING

1. FORCE (N)
COPPONENT FV,FW AND RESULTANT FORCE FRES WITH ANGLE BETWEEN V=-AXIS ANC RESULTANT VECTCR

u () FV 13 FAES PHNIF(DEG)
38.0¢ Thé1.99 t8s1e.9¢C 20049, 68 68.2
134.0 ~14856.42 ~32815.34 36021.66 148.€
432.5 =-430.17 -3712.78 3743.54 263.4
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== GEAR CORRECTIGN -~

s« REDUCER OF WOORIM CO. 1ST CEAR MESHING s

DEFLECTION CURVE CFf SHAFT

v R
s
v e
Tva

- w<

. v L]

=20 =15 =-1C =%

5 15
DEFLECTION, SCALE:

s 10
0.207 MUEr/L

0
CLUAN

25

B Dt S L B L S e g S g SOt

IN ¥=, W~DIRECIGN ANT RESULTANT DEFLECTICN F
U crrd

(RUEN)
v

L

I

L OO OO A A NAMU UL A r P AN AR N RN UN S F LA AN 2000000000000 G000

D R S R R T T R O A KR VX2 R O VR U - Ry

== GEAR CORRECTICN =~-
** REDUCER OF wOORINM CC,

450712

EXPLANATION FOR QUTPUT
(ALL OEFLECTIONS ON THE TRANSVERSE PLANE)

1ST GEAR RESHING ov

U (Mu) CCORDINATES QM SHAFT
uve {ru) LENGTH FROM FIRST UK
ux {Mm)y LENGTE 'FRCM LEFT-END POINT OF TOQOTH
(Lx = Q@ CN UTA OR U2A)
8 (MUEM) DEFLECTICM CF SHAFT CN THE SURFACE OF ACTION
T (MYEN) RELATIVE OEFLECTICN CF TOOTH CUE TO TCRAQUE
8T {PUEM) g +7
Fe (MUEM) PRECORRECTED TOOTH SURFACE PROFILE
P (N/NN) LCAD AT NCDES OF TOOTH CALCULATED WITH SPRING CCNSTANT OF TOCTH

A FOR CALCULATICN

COORDINATES OF THE OTHER SHAFT CENTER (MM) v = -3Cs.0CC

L ] €.000
NORMAL MQDULE (MM} PN = 10.0C0
NG. OF TEETH (=) 11 = 18.

12 = &1,
PITCH MELIX AMGLE (DEG) EETAQ» -15.6C0
QUTSIDE DIAMETERS (MM} Cat s 115,47

0A2 = 442.34
ADDENDUM MODIFICATION COEFFICENT () X1 = Q.4660

X2 = ~0.1C60
ANGLE CF ACTICN LINE IN TRANSVERSE PL (DEGIASE = 22,347
SPNING CONSTANT OF TOOTH (N/¥FeRUEM) ¢ = §6.1C
CONTACT RATIO EPSA = 1.423
FACE CONTACY RaTIC EFsg = 0.741
DIRECTION QF NCRMAL FORCE ON 6EAR 1 (DEG) PHIF = 47,45
THISTING MOMENT ON GEAA 1 (Nw+¥) T = -16287.
AVERAGE DISTRIBUTED LCAD (NZKFN) FRY1 = 214,98
CIN TRANSVERSE PLANE)
FACE WIDTH (M) e a §C.0
LENGTH IN PROFILE DIAGRAR (IN FM, P31:1) CN TCOTH

GEIRY
LEKGTH OF ACTICH 43.3C(WITHGUT BACXLASH 43,41) 20.8¢ 20.3)
T1P RCOT

SHCRT CORRECTICN §.43 hod 1.7
LONG CCRRECTICN 12.37 8.4 3.9

64
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16.5¢
TiP
3.0
5.9

16,4}
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== GEAR CORRECTION --
REDUCER OF WOORIM CC.

e

850712

OISTRIBUTION GF LOAD AND DEFLECTION
UNDER GIVEN THISTING MCMENT

TOCTH SURFACE FROFILE CORRECTICN:

u
{NM)

213.0
218.3
223.4
228.9
23402
239.5
T 24408
250.1
25544
260,46
265.9
271.2
27645
281.2
287.1

lo3.cC

LOAD DISTRIBUTION FACTCR:

PRCFILE
INITIAL €
LAST CCNT

157 GEAR MESHING #»

RIGHT TOCTH SURFACE IS TC BE CCRRECTED

UE UK 3 T T Fa P
(Mm) (MM CMUEM) (PUEM) (MUEM) (MUEM) (h/WK)
0.4 5.0 3.6 c.0 3.6 .0 275.8
5.3 1G.3 1.9 0.1 4.0 C.0 258.2
10.6 15.6 4.1 0.2 LIS} €.0 - 257.2
15.9 0.9 bob 0.3 4.7 C.0  244.9
21.2 26.2 4.6 (L) 5.0 C.0 237.4
26.5 3.5 4.8 0.5 5.3 ¢.Q0 228.46
31.8 J&.8 s.0 0.¢ 5.6 C.0 22C.¢6
37.1 h2.1 2.2 0.6 5.2 €.0 213i.5
b2.4 47.4 Sob 0.7 6.0 .0 207.2
47.6 52.6 5.5 0.7 6.2 €.0 201.7
$2.9 57.9 5.6 0.8 6.4 .0 197.2
58.2 63.2 5.7 0.8 6.5 .0 193.6
63.5 $E.5 5.7 0.8 &.3 .0 191.0
8.2 73.8 5.3 0.9 3.3 C.0 185.3
741 79.1 5.8 0.9 3.7 C.0 188.5
79.4 84,4 5.7 0.9 §.7 €C.0 188.¢6
84,7 85.7 5.7 C.9 5.6 C.0 185.6
9¢.0C 93.0 5.6 .5 6.6 .0 191.4

CCRAECTION(MUEX) .

ONTACT
ACT

KH=BETA = 1.3C

XF-HETA = 1,22

NACH H.S1GG~

TOLERANCE:
2.0 /=6y

MAAG

page 8.

== GEAR CORRECTION ==
#» REDUCER OF WOORIM (C.

850712

1ST EEAR MESHING

»
»

TOQTH SURFACE PROFILE CORRECTICN FCR EQUAL DISTRIBUTED LOAD K (PUEM)
UNMBER GIVEN TWISTIKG MCMEAT
RIGHTY TOOTH SURFACE IS TQ BE CCRAECTED
ux K
Uk (Me)
1 5.00 3.23 1 LYz}
2 1C.29 2.83 1! LIx:
3 15.59 2.45 1 '
4 20.88 2.0% I “ls
5 2¢.18 1.76 I L1y
é 31447 1.45 I L1
7 36.76 1.17 1 ./t
L] 42.06 0.91 1 it
3 £7.35 0«69 1 LIx4
10 $2.653 Cabs I LT
11 57.94 Q.33 1 LY
12 £3.24 0.20 1 =4/
13 68.53 Ca10 I /7
14 73.82 C.03 12/
15 .79.12 C.Q0 147/
18 84,41 0.00 ¢/
17 3%.71 C.03 17/
18 §5.00 0.09 1 /7
EEECREEES EEL LS St fablalel Satind Ebtdel Slnbebd Sabed
5 A 14 15 20 25 3c 15 4Q
.
CORRECTICA FOR THE PRECORRECTED TCCTH SURFACE FRCFILE, IF GIVEN
SCAMLE X3 C.G?7 (MUEM/COLLFN)
page 1.
== GEAR CORRECTICN -- 850712
TITLE: °
a® REDUCER OF WOORIM CC. 2ND GEAR MESHING #+
INPUT DATA
I. DATA FCR GEAR

1.

N NN

XK 61

211
1

4

MN ALN EETA
14 20 1¢
10 G 15

T

SPECIFIC NO., SFECIFICATION OF GEAR AND LCAD FACTOR

AN
PPNMN
C3IR5AB
1

ca1 ce2

65
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TY ula u1s uzaA Ui 14 X BA v W
131. 291. 17 C.357279.67
3473.4 186. 286, 35-C.18752C.22 172,
76. 166, 41-C.106442.2
=740.7 71. 17t. 18 C.466215.47 305.
II. DATA FOR SHAFT
4, NO. QF NODES, MODULI OF THE MATERIAL
NTP EN (1 RO
a 1
5. DIAMETERS, SUPPCRT CONDITICMA ANC EXTERNAL LCADS
u DA o1 cs (4] eV G Fy Fw MY 4] TL
1€¢C.0
23.0 100.0 -1
75.0 100.0 1C.02
1467.0 124.0
180.0 1C€0.C 2.9
292.0 1C0.C
349.0 100.0 -1
372.0
page 2.
== GEAR CORRECTIGN =-— £50712
EXPLANATICN OF INPUT DATA
FORMAT: F6.0, WHEIN NQO SPECIAL FORMAT
OATA FGR GEAR
L13 - (I2) NO. OF (DCLBLE) GEAR MESHING
NG - €I2) NG. QF DRIVEN GEARS IMN THE GEAR MESPING
=KG : NO. OF FLANET GEARS
* NI - (12) NO. OF GEAAS TC B8E CORRECTED
» (G (K/MP20.CC1MM) AVERAGE SPRING CONSTANT CF TOOTH
IF NOT GIVEN, CG IS CALCULATEPR IN PRCCRAF
MN ny NOAFAL FOOLULE
ALN [+ NORMAL FRESSURE ANGLE
BETA G PITCH MELIX ANGLE
cT L3AC DISTRIBUTICN RATIC IN DOUELE GEAR
3 LEFT-HALF / RIGHT=RALF 7 CT = 1 IF KOT GIVEN
* (B1,2,3 LOAD GRADE FACTCR
* NPR/NFG €I1) INDICES DEACTING PRECORRECTED TCOTH SURFACE PRCFILE
FCR DRIVING GEAR (NPR), ORIVEN GEAR (APG)
% 1 2 ON LEFT TCCTH SURFACE, = T : OM RIGHT TCCTH SUFFACE
= 3 : ON BOTH TOQOTH SURFACE
NA CI1) INDEX FCR THE PLACE WHERE INPUT OR CUTPLT TCREUEACTS
= 1 : LEFT Cf GEAR TG BE CORFECTED
® 2 3 RIGKT CF GEAR TC BE CORAECTED
IF THIS GEAR IS A IDLE GEAR, LET XA 3 Q
NB (I1) INDEX FCR CUTPUY
2G: ALL, = Y3 LIKE O, EXCLUDING EXPLANATICN CF INPUT DATA
= LIKE 1, EXCLUCING CALCULATION FOR SHAFT
= LIKE 2, EXCLUCING DATA FCR GEAR
3b: CMLY CALCLLATICN FOR SHAFT
TU NwM TWISTING MCMENY
UtA UTE Ldd COCROINATES OF STAATING ANO ENDING PT. CF FACE WIDTh
FCR LEFT~HALF GEAR IN DCUBLE GEzR
U2A,UZE M FOR RIGHT=RALF CEAR IN OOUBLE CGEAR
H - NO. OF TEETH
*r X - ADDENDUM MCDIFICATICN CCEFF.
= 100 : CALCULATE IN PAOGRAM
+ DA "y CUYSIDE DIJPETER
\ra] MM (F7.0) COORDINATES CF GEAR CENTER
*y 14 COORDINATES OF FT. WHERE TCCTH SURFACE FROFILE [S PRECCRRECTED
= =1 IN CMSE CF DIRECTION ODEVIATICN CF TCITh
IN CASE CF TCCTYW SURFACE PRCFILE FRECCRRECTEL FCINTWISE:
1+ U = CCCROINATE CF STARTING PT. OF FACE wIDTKC = U112 CR U2A)
CTHERS U = DISTANCE FROM STARTING PT.
* FBUL MUEX PRECORRECTICNAL AMOUNT
DATA FCR SMAFT
NYP - (I2) KO. OF AQDES
EM K/mr2 ELASTIC MOCULDLS OF THME MATERIAL
QEFAULTCIF NCT GIVEN): 20608CC (N/PM2)
ar N/pp2 SHEAR MCOULUS CF THE MATERIAL
DEFAULT(IF ACT GIVEN): SCCOC (N/Mr¥2)
RC KG/P3Y DENSITY CF THE FPATERIAL
DEFAULTC(IF LET RC = 1,): 78CC (KG/M3)
DA,DI PM QUTER AMD INNER QIAPETZA OF SKAFT (FCR MEXT SLEFEANT)
=8As ~0I 3 CULTER AND INNER DIAMETER FCR CINE-FCRM ELEFENT
[$3 K/mMN SPRING CONSTANT OF EEARING (=-1 WHEN VERY STIFF)
co Nemo/RAD TILTING SPRING CONSTANT OF BEARING(==1 WHEN VERY SYIFF)
AV,AW N/NP DISTRIBLTED LCAT IN V=, W=OIRECTICSN (FCR NEXT ELEPEAT)
FY,F¥ N CONCENTRATEE LCAD IM V=, W-DIRECTICN
U Nep TWISTING XCPENT

2. TORGQUE, FACE WIDTH, CCCROINATE CF‘GEAR CENTER

66
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page 3.

-~ GEAR CORRECTION ==  £50712

#+ REOUCER OF WOORIM CC. 2NO GEAR MESHING ##

CALCULATIGN FCR SHAFT ELASTIC MODULUS = 2C600C.(N/FF2)
B e e B T DENSITY =  78C0.(KG/M3I)

1., DEFLECTION

COMPONENT CF DEFLECTION Vo, W AND RESULTANT DEFLECTION VW

ANGLE PHIVW BETWEEN V-AXIS AND DEFLECTION VECTCR

RESULTANT SLOPE NRES OF STRES

WITH WEIGHT, VE = DEFLECTICN DUE TO WEIGHT (IK V-DIRECTION)

u v W vH PHIVY STRES VE
{MH) (MUENX) (FLEN) {MUEM) {DEG) (=) (MUEN)

t.0 3.4 2.2 4.0 32.7 C.176€E-C2 =C.17§

23.0 0.C ¢.C 0.0 weesx  C,176E-CQ3 c.ccc

75.0 =7.5 6.7 8.8 212.5 C.159E-Q3 C.3E5
T 76.0 =7.6 =4, 8 9.0 212.5 C.159€E-C3 C.352

98.5 =10.5 4.6 12.4 212.2 C.141€-02 C.5:§
143.5 -15.C “9.1 17.5 211.3 C.84%€-C4 C.7C7
166.0 =16.3 =9.8 19.0 210.8 C.472E-04 C.741
167.0 ~16.4 9.8 19.1 210.8 (.454E-Q4 C.741
180.0 ~15.% 9.9 19.4 210.5 C.353€-C¢ C.74¢
t86.0 =17.1 =10.¢ 19.8 210.4 C.241E~04 C.74¢
211.0 =17.1 ~9.7 19.7 209.7 (C.321E-C4 C.715
241.0 -13.8 =74 15.7 208.2 C.128E-0Q3 C.547
286.0 =10.4 =5.¢ 12.0 207.6 C.144E~-G2 C.bt4
292.0 -9.8 5.1 11.0 207.5 C.171€-C3 G.378
349.0 0.¢ 0.C 0.0 wawax  (,203E-C3 c.occ
372.0 42 2.1 4.7 27.0 (.2G2E~0Y ~=C.1¢C

2. LOADS

RESULTANT CONCENTRATED LOAD FRES, MOMENT MRES AND DISTRISUTED LOAD QRES
ANGLES BETWEEN V-AXIS AND THESE VYECTORS PHIF, PHIM, PHIGQ

') FRES FHIF PRES PRIM CRES PHIGC
(ne) N} (DEG) (N*M) (DEG) (N/eM) (DEG)

Q.0 0.C sanAw 0.C Ao ven C.é 3é6.C
23.0 12457.3 220.9 0.2 $0.C C.6 3¢g.c
75.0 12431.C 220.8 648.3 130.8 1C.6 36C.C
76.0 12489.C 220.¢8 861.C 130.6 €7 262.4
98.5 11852.¢ i18.¢C 1013.2 126.7 Je.7 26244
143.5 10679.C 1.4 16C1.4 124.0 3Je.7 26244
166.0 1C153.4 207.¢ 1835.C 123.4 1.6 36C.C
167.0 1C162.8 2075 1845,1 123.4 .9 36C.C
18C.0 10173.5 207.5 187647 123.C 1.5 JéC.C
186.0 10192.1 20745 2027.5 122.¢8 3Cl.2 2C1.5
211.0 2769.4 241 2048.3 115.4 3C.2 201.5
261.0 12647.4 16.7 1681.9 108.12 3C1.2 2C1.5
286.0 2C210.5 18.5 1271.32 108.5 1.5 Jéc.C
292.0 20190.4 18.5 115C.1 108.5 C.o Jéc.C
349.0 13.8 l60.C C.2 90.2 C.6 3é6C.C
372.0 g.C LEEL S 0.C 202.% C.6 36C.C

page 4.

== GEAR CORRECTICN =~ asa712

REACTICN AT BEARING

1. FQRCE (N)
COMPONENT FV,FW ANG RESULTANT FORCE FRES WITH ANGLE BETWEEN V-AXIS ANC RESULTANT VECTCR

u (xn) FY (2] FRES PHIF(DEG)
23.0 96C4.25 8131.86 12446.90 40.5
349.0 19C59.91 64C4.23 2C144.99 18.5
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page 5.
-= GEAR CORRECTION --
e« REDUCER OF WOORIM CC. 2ND GEAR MESHING o

DEFLECTION' CURVE OF SHAFT IN V=, W-BIRECION ANC RESULTANT DEFLECTICN K {MUEF) N
trry L] v

1 w1 [
1 wVR
Iva

L

SIR
¥Ye I R
Vi
A\

cccce
cerrcccEx

WR 3.8
W R Jéad
voa 372.0
R L CE LS SR R LS Sonhd Sl
=25 =20 =15 =10 =5 1c 15 0 25
DEFLECTION, SCALE:  0.674 MUSK/CCLUMN

———e

P R Ry P O O O L L L L e yeroyer
o
~
~
o
~

page 6.
~~ GEAR CQRRECTION -- £50712
*4 REOUCER OF WOORIM CC. 2NO EEAR MESHING #w

EXPLANATICN FCR QUTPUT
CALL DEFLECTICNS OM THE TRANSVERSE PLANE)

u (4.5 CCOROINMATES Ch SHAFT
UE (¢4} LENGTH FACM FIRST UK
ux (rm) LENGTF FACM LEFY-END POINT OF TOOTH
(LK = 0 CN U188 CR U2A)
8 {(MUEN) DEFLECTICN CF SHAFT CN THE SURFACE OF ACTION
T (NUEM) AELATIVE DEFLECTION OF TOOTH OUE TO TCRIUE
8T {FUEM) g+ T
f8 (MUEN) PRECORRECTED TOOTH SURFACE PRCFILE
P (N/NN) LCAD AT ACOES OF TOOTH CALCULATED WITF SPRING CONSTANT OF TOCTH

DATA FCR CALCULATICN

COCROINATES OF THE OTHER SHAFT CENTER (MM) Vv = ¢.0ca

LI 372.0CC
NORMAL MQCULE (MP) PR 2 14,200
NC. OF TEETH (=) 11 = 17.

12 a 15.
PITCH HELIX ANGLE (DEG) BETACH 10.0C0
QUYTSIDE DIAMETERS (MM) LAt = €79.47

a2 = 520.32
. ADDENDUM MCODIFICATION COEFFICEAT (=) X1 = 0.1570

= ~0.1870

ANGLE CF ACTICN LINE IN TRANSVEARSE PLANE(DEG)ASH = 21.254
SPSING CONSTANT OF TOCTH (N/PPevUEN) ¢ = 24.37
CONTACT RATIO EFSA = 1.482
FACE CCMTACT RATIO EFS3 = Q395
DIRECTION CF NCAMAL FCRCE CN EEAR 1 (DEG) PHIP = C1.2¢
TWISTING MCMENT ON GEAR 1 (Nw¥) T = 3473,
AVERAGE DISTRIBUTED LCAD (N/F¥) PA1 3 106,45
(IN TRANSVERSE PLANE}
FACE MIDTH (»») 5 = 1CC.0

LENGTH IN PROFILE DIAGRAM (IN MV, F=1:1) ON TCOTH

GEART CEARQ
LENGTH OF ACTICN £2.Q7(WITHCUT BACXLASH 62.22) 27.5¢ 27.9) 22.3( 22.4)

TI? RCOT T1P RGCT
SHCRT CORRECTICN 10.CS$ 6.8 2.2 4.8 2.5
LONG CORRECTICN 20.18 12,8 3.3 9.1 5.5

68



BFAYFEA= AM3HP A3 1986. 9

page 7.
== GEAR CORRECTION -= 850712
«* REDUCER OF WOORIM CC. 2ND GEAR MESKING #»

DISTRIBUTION CF LOAD AND CEFLECTION
UNDER GIVEN TWISTING MCMENT

TCCTH SURFACE PROFILE CORRECTICN: LEFT TOCTH SURFACE IS TO BE CCRRECTED
v UE uK e T BT FE P
(MM} (MM) (MM)  (MUEN) C(PYEM) (NUEM) (MUEM) (N/uF)
186.C 0.0 5.0 15.8 0.C 19.8 C.0 242.0
191.9 5.9 10.9 15.9 Gt 20.0 C.0 261.4
197.8 11.28 1£.8 15.9 0.3 20.2 G.0 256.9
203.6 17.6 2Z.6 1.9 Gad 20.3 C.0 254,48
209.5 23.5 28.5 15.8 0.5 20.3 (.0 254.5
21544 9.4 J4a4 19.6 G.48 20.2 C.0 256.4
221.3 35.3 4G.3 1944 0.7 20.0 €.0 26C.9
227.2 61.2 6.2 19.0 0.2 19.8 €.0 267.3
23341 47.1 52.1 18.4 0.9 19.5 C.0 -275.8
238,96 52.% 57.9 12.2 9.5 19.1 C.0 284.5
244.8 58.8 63.8 17.7 1.C 18.7 C.0 29%.3
25047 647 69.7 17.1 1.1 18.1 €.0 31402
25644 70.¢& 75.4 16,4 1.1 17.5 c.0 331.2
262.5 76.5 81.5 15.7 1.2 16.8 €.0 35C.3
26844 82-4 87.4 1449 1.2 1641 C.0 371.2
27442 88.2 93.2 14.0 1.2 15.2 .0 391.9
280.1 94.1 95.1 17.1 1.2 Thab (.0 418.5
286.C 100.C 10C5.0 12.2 1.2 13.4 C.0 444.6

LOAD DISTRIBUTION FACTCR: KH=8ETA = 1.43
KF~BETA » 1.30

PRCFILE CCRRECTION(MUEF), KACK H.SIGG, MAAG

INITIAL CCONTACT 20.4 YOLERANCE:-
LAST CONTACT 15.5 /=4,
page 8.

== GEAR CORRELTICN == 250712
= REDUCER QF WOORIM CC. 2ND GEAR MESHING #»

TOCTH SURFACE PROFILE CORAECTICN FCR EQUAL OISTRIBUYED LOAD K (KUEM)

UNDER GIVEN TWISTING MCMENT
LEFY TOOTH SURFACE IS Y0 BE CORRECTED

UK K

UK (MF}
1 5.00 CodsS 1 *74
2 10.88 Q.22 1 2/
3 16.76 0.07 1ess
4 22.65 Q.00 Is//
] 28.53 C.01 1/
é 3441 Q.11 1%s4
? 40.29 .29 1 w17
& 46.18 Q.54 I att
9 52.06 Q.88
10 57.94 1.29
1" 63.82 1.79

1
1
1

12 49,7 2.36 I st

13 75.59  1.00 1 Yy

16 81.47 3,72 1 Y2

15 87.35  4.50 I w7

16 93,24 5.35 1 7]

17 95.12  4.26 1 ws

18 105.00  7.22 1 a1
T T e e e ST SO D CoDs S

b 1C 15 20 25 3Q 1s 4C

CORRECTION FOR THE PRECORMECTED TCCTH SUAFACE PROFILE, IF GIVEN
SCALE Xz C.172 (FUEM/COLUFND

7b. Aol W7k A et sl 2, Page 4ol Aol A9 wkd g v
o A3 1wk sledel g RAelx, F  elwslon, Page 5ol T o A3 AA
s Aste 2wk Zleldl @k elch Ael o HYFET =x= Jetdslel Page
Page 1ol 2E o8 doletd vetile] & 6el& vlojol oigt S4x5 22 Ao A
wpeAl olEs gl xS g glew, Pa- @ A AolE vehiglz, Page 7elE A F
ge 20l 18 dloletel sl stz ek AA Wy, 2 Fel] A sHTLE, FHFEE
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