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[35] K-H-V Differential gear design system

Fig. 35.1 K-H-V Differential gear design system

351 Abstract

The K-H-V Differential gear design system is the reduction gear
shown in Figure 35.2. The software is a differential reduction
(acceleration) mechanism design (three types of gear difference 0, 1 and
2) software for involute gears, and can perform tooth profile design,
tooth meshing, sliding ratio, and gear strength calculation. If the
difference in the number of teeth is small, involute interference etc. will
occur if it is designed with a standard gear with a profile shift of 0.
However, with this software, it is possible to calculate gears with
combinations of profile shift factor that have a contact ratio of 1 or more
and do not generate interference. Please see catalog [34] for differential
gear software with trochoid curve.
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Fig. 35.2 KH-V type reduction mechanism

35.2 Propaty (Basic rack)
As shown in Figure 35.3, set the basic rack and display the actual
dimensions of the basic rack set as an auxiliary function.
c;_ Pmper:yb : =R

@ Full O Stub O Either | Pressure angle | an | 20.00000 | dee
0

Addendum factor | hao 1.0000 1.0000
Dedendum factor | hfo 1.2500 1.2500

Foot Rfacter | ro 1.3750 0.2750
Glearance factor | cka 02500 0.2500 Basic rack

oK Cancel Clear

Fig. 35.3 Basic rack

35.2 Gear dimension setting

As shown in Fig. 35.4, select the difference in number of teeth (one
tooth difference, two teeth difference, zero tooth difference), and then
select the combination (arm fixed / input / output). When the difference
in the number of teeth is O, the tooth shape is drawn with the arm fixed.

After inputting mn, z, an, 3 in Fig. 35.4, set the profile shift factor (xn).
However, there are innumerable ways of giving profile shift factor, so
use the auxiliary function shown in Figure 35.3 to determine

combinations with an contact ratio of 1.0 or more and no involute
interference. In the case of this example, 55 pieces are displayed. If the
profile shift factor N0.26 (x.. = -0.6, @ circle in the figure) is selected
from these, the specifications will be determined as shown in Fig. 35.7.
The profile shift factor, contact ratio and gear dimensions can be
confirmed and selected in the table in Figure 35.6.

© Gear setting = = =
The difference of teeth number €
Oo @1 Oz O put §
. :HEY HE
Output type ExternabOutput IntematFied Arminput | [HIH :HEH HE
[ lem —5ymbol| unit | Extemal coar | nternal cear | <Helll BB
Narmal module mn | mm 1.0000 H . M
Number of teeth z — 48 | 43 | _E L] g H ‘_% _%
Fressure anele an | dee 20,0000 - ]
Helix angle 6 de [ 5 [ 0 | L] = =
Helix direstion —— | = | Riehthand | Riehthand £

[ Gandidates graph for dimension | §§ Jg; i I‘E § ]
Tnput type of tooth thickness | —— ——  [Protile shitt coet | Protile shift cost I
Frofile shift coefficient | - =
Number of testh sparned | zm | - ooy ioneent leneth § % 3 i -
Base tangent length W mm |Circular tooth thickness [ g ggag - Bl e
Measurement ball diameter | dp | mm T.5902 16547 3 N N
Over ball distance dm | mm 51,9850 48.5046 % Rl EE
Gircular tooth thickness Sn | mm 1.5708 15708 bl : Gl Gl
Certer distance = | mm 0.5176 3
Tooth thinning for backlash | fn | mm Tﬁc FRIH B
Face width | mm D < E|EgE
Tip dismeter da | mm 51,6933 43,7285
Root diameter & | mm 47,1883 §3.2285
Te R ra | mm
Raot R v mm 0.5750 || M 1.5750 | M
oK Gancel Clear

Fig. 35.4 Gear specifications 1
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Fig. 35.6  Auxiliary function ((No. 27, xn and &)

© Gear setting [=] & =)
The difference of testh number
Qo @1 O O Iput
Qutput type ExternalOutput InternalFiced Armiput | [H
[5ynbol | Unit | External goar | intornal goor |
Hormal module wa | wm [ o |
Humber of testh z = E | 50 |
Fressure anle an | deg 20.0000 §
Helix anele 8 dee [ 15 [ |I| .00 |"m
Helix direction — [ Righthand ~| Righthand
Candidates eraph for dimension
Tnput type of tooth thickness | --— | —- | Profile shift coef | Profile shift cosf v
Frofile shift coefficient | —- -0.5000 0.2000
Humber of teeth spanned m | - 5 7
Base tangent leneth [ mm 13.6318 20,0987
Measurement ball diameter | dp | mm 1.5635 [GE
Over ball distance dm | mm 51.6378 43.3095
Gircular tooth thickness Sn | mm 1.1340 1.4252
Center distance s mm 0.9202
Tooth thinning for backlash | fn mm 0.1000 0.0000
Face width b mm 10.0000 10.0000
Tip diameter da | mm 515285 50,1633
Root diameter df mm 47.0285 54.5633
Tip R ra mm 0.0500 0.0500
Root R f mm 0.3750 [ 0.53750 [M
Gancal Glear

Fig. 35.7 Gear specifications 2
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When the gear specifications in Fig. 35.7 are confirmed, dimensions
and interference calculation results are displayed as in Fig. 35.8 to Fig.
35.10. In the case of this example, although the trimming has occurred,
the calculation will proceed as it is because there is no influence on the

mesh.
< Result of dimension o] @ ]
Dimension  Gontact Interference
[ fom  [Symboi] Unit | Extornal coar | Internal gear |
Transverss module mt | mm 1.0353
Transverss pressurs angle at | deg 20,6463
Reference diameter d mm 49,6933 50.7285
Base diamster db mm 46.5015 47.4703
Base cylindrical helix anele Bb | dee 14,0761
Lead Pz mm 582.6327 594.7708
Maximum effective diameter dh mm 51.4712 54.2727
Minimum effective diameter(TIF) dt mm 47.8675 50.2310
Cuttine profile shift coefficient e | —— -0.7462 0.2000
Tooth depth h mm 2.2500 2.2500
Desien normal circular tooth thickness | s’ | mm 1.0278 1.4262
Dasign over ball distance drit | mm 50.2857 48.8479
Desien base taneent [eneth w mm 18,5168 200833
Fig. 35.8 Gear basic dimensions
© Result of dimension o @ =]
Dimension | Contact | Tnterference
[ ien [Symbol] Unit | Fxtomol oor | Intorol gor |
Trangverse contact pressure angle aw deg 52,2876
Cantact helix anele Aw | dee 25,4699
GContact pitch diameter dw | mm 83,3892 90,1798
Effective face width bw | mm 10,0000
Clearance(laree diameter) ckh | mm 0.6474
GClearance(s mall diameter) ckt | mm 0.6474
Maximum contact diameter da | mm 51,4728 53,0278
Minimum contact diameter dif | mm 43,8185 50.2318
Transverse contact ratio ca | - 1.1840
Overlap contact ratio e | -— 0.8233
Total contact ratio er | - 2.0073
Sliding ratiotlarze diameter) ca | -— -0.0431 0.046%
Sliding ratiotsmall diameter) at | -— -0.0827 0.0764
Transverse backlash it | mm 0.1031
Backlash anele jo | de= 0.2542 0.2430

Fig. 35.9 Gear contact dimensions

< Result of dimension

[o] & =)

Dimension Contact Iterference

© Contact bgure
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Fig. 35.12 Gear mesh diagram, distance measurement
S endering EREE
contact line
¥ i Potste Argle i deg ¢ 3
¥ i Fotste Argle _'1 dee € ¥
T acciz Potshe Argle _\1 dee € ¥
Scalre 163 = € ¥
Epecuiier Fower _;L . < >
Goar Opacity ;N— L3 < »
Farlatem iorval W | medee < s
_n pieg € »
a prdeg € »
n A ton Moy Gear
=
s 9 nitislow

Fig. 35.13 Tooth rendering, tooth profile, rotation

355 Tooth profile / tooth lead modification (option)

When modifying tooth profile and tooth lead, you can apply
modifications as shown in Fig. 35.149~35.16. In Figure 35.16, you can
enter a specified number of points (maximum = 50) to be modified, and
you can also enter an arc pattern. Then, the contact of the modified tooth
profile can be confirmed as shown in Figure 35.17.

Iwolute interference -
Trochoid interference -

Fillet interference -

| Item  |Symbol| Unit | ExternalOutput) | InternaKFixed) Arm(Input)
Vhio | —— -0.0208

Rotation ratio 0.0000 1.0000
Reverse rotation ratiof=1/vhi) Uhi | -— -43.0000 0.0000 1.0000
Trimming = |- ooours{Attention)

doesn't occur(Safety)
doesn't occur(Safety)

doesn't occur(Safety)

Fig. 35.10 Gear interference

35.4 Tooth profile

The tooth profile of the gear specifications (Fig. 35.7) can be drawn as
shown in Fig. 35.11. Figure 34.12 shows a close-up view of the tooth

profile (A) and (B). Also, distance measurement is possible as shown in
Figure 34.12 (b). Figure 35.14 shows teeth rendering.

© Contact figure

A
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Fig. 35.11

Dievistion anle tor eciarmal 2

Zoom »
Fit

Real-time shift

Distance measurement

R measurement(3 peints indication)
i
Fotsten argle bor read axn.

Deviation of center datarce

Gear mesh diagram

Ao
LEFT FLAR

© Gear modificatian o ]
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Fig. 35.14 Tooth rendering, to

oth profile and topo-graph

< Gear medification(External gear)
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Fig. 35.15 Tooth lead input example
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Tooth lead input and arc input example
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© Rendering

Fig. 35.17  Tooth rendering, modified tooth form

35.6 Sliding ratio

The sliding ratio of this example gear is shown in the dimension
calculation result of Fig. 35.9, and the change of the sliding ratio at the
tooth profile position (roll angle) is shown in Fig. 35.18.
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Fig. 35.18 Sliding ratio

35.7 Gear strength
For gear strength calculation, enter the coefficient of friction, torque
and rotational speed on the strength setting screen as shown in Figure
35.19. In this example, when the coefficient of friction is 0.10, the input
torque of the arm is 1 (Nm), and the rotational speed is 1000 min-1, the
torque and rotational speed of the pinion and gear are displayed with the

[OK] button.
© Strength calculation = e
Kinds of gear material
EYIVIERCT I fem [Symbol| Value |
Friction factor [ o.omo |
O Stesl xplastic Efe; o comnel o Blensl o nl 7.9999
Efficieney[ 1] Efficiency of external gsar and universal joint | 72 1.9930
OEm o6 Basic efficiency(n 13 7.2) a0 0.9989
alculated valle B Total efficiency n | 4w
rntull i Lot cer L e L e, flniversal oy
Toroue 46,4134 47,3730 1.0000 46.3730
Actual rotation No. | Ni I/mln [ e | 0.0000 | 1000.0000 | -2n.doE2 |
Relative rotation No. | Ns | 1/min 1020. 4082 1000.0000 0.0000 1020. 4032
Cancel Clear

Fig. 35.19 Gear strength calculation specification setting

The input screen of gear strength specifications (materials, factors) is
shown in Figure 35.21. Material selection can be made from the table in

Material sebection(Fxternal qear) a
Hial rmaimenl | cartnrcalon hardeneg | Mlaber wald ymbal | STEMZ0 -
118 | gup | argy | IO -
Cora bardess | seygps FIH] 1 TN
w e
Surface hardness ot mm v T
A FITN IR ) T
e | B s
L 397 | an0s | 700 |67
CL I I T 1 T o0 g1
1275.0 we 358 | 4005 | AT 54
TR i o
any Z\?z (] 5
" 349 | | [ Ban 2
0015 te T
comsaray ST 41 .
Gl

Fig. 35.20  Selection of material

Figure 35.20, but you can also input oriim and awim directly. Figure 35.22

shows the gear strength results.

{o Steel strength calculationJGMA401-01,402-01]

[o] ® ==

I T T T
GCarburization hardening | GCarburization hardening

Heat treatment

Material symbol [

SCH420

SEHA;

20

Hi
Hi

Gore hardness
Surface hardness

|l

o il

w0600 |

480.500

oFlim MPa [
7 Hiim MPa
Torque
Rotation nuniber n

Bearing suppart method —
Humber of life repetition L

Giear rotational direction

Peripheral velacity v
Tooth profile modffication —
JI5 acouracy class(176) —

Tooth surface rouehness Fimax

Teeth contact situation in the load -
Material constant factar ]
Lubricant factar H =z
Overload factor Ko
Bending safety factor SF
Tooth surface damage safety factor | SH

48,419

tpm 1020. 408

Modification

183.800 |

Ganel

1275.000 1275.000
e il [ i o

47.873
1000.000

Symmetry in both bearing

10000000

Only forward ratation

4.8182

Glear

189.800 |

Fig. 35.21 Gear strength calculation (strength specification)

Allowsble bending stress aFlim

Bending effective face width b
Touth profile factor F
Load distribution factor Ve
Helix anele factor e
Lite factar KL
Dimension factor KFx
Dynamic load factor o
Gircumference force Ft
Allowsble circumference force Ftlim
Root bending stress JgF
Bending streneth St

Allowable hertzian stress & Hiim
Surface pressure effective face width | bw
Zone factor ZH
Life: factor KHL
Gontact ratio factor Ze
Floughness factor 7R
Lubrication speed factor zv
Hardness ratio factar ]
Load distribution factor KHB
Dynamic Inad factor Ky
Gircumference force Fe
Allowsble circumference force Felim
Hertzian stress aH
Pitting strength Sfo

= Resultolstrength calculation[JGMA401-01,402-01]

(=] = [

ot~ ormun] Ui | Extona sor | ot aon

MPa 420.600 480,500
mm 10.000 10.000
- 3.087 2,085
-— 0.749
-— 0.875
-— 1.000 1.000
- 1.000 1.000
- 1.145
N 1023. 488
N 1788948 2684.00%
MPa 284801 187608

1.690 2.561
MPa 1275.000 1275.000

min 10.000
- 1171
- 1.000 1.000
- 0.830
= 0.842 0.842
- 0.384 0.884
- 1.000 1.000
-— 1.000
-— 1.088

M 1830110

N G03340.553 §03340.553
MPa 76.881 76.881
= 276.03% 275.03%

Fig. 35.22  Gear strength result

35.8 Tooth profile output

The generated tooth profile
can be output as CAD data.
Figures 35.24 and 35.25 show
examples of drawing CAD data
output by the tooth profile
output function shown in Figure
35.23.

u o e cutput
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Flg 35 24 CAD example (2D) Flg 35 25 CAD example (3D)
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359 Design example of the difference in number of teeth 0

An example of the gear mechanism (K-H-V) connected in two stages
is shown in Figure 35.26. The 1st gear is an external and internal gear
with one tooth gap (internal gear fixed, external gear output, arm input).
The 2nd stage (follower side) is an external / internal gear with a zero-
tooth difference. By connecting the 1st stage external gear and the 2nd
stage internal gear, output can be made on the same axis as the input axis.

In Figure 35.26, none of the external gear, internal gear and arms in the
second step, with O-tooth difference, is fixed. The rotation ratio of the
driven side of the green (differential external gear + internal gear with
zero tooth difference) and the external gear (red) of the red is the same.
Therefore, it is possible to take out the reduction ratio of the differential
gear coaxially. The following is a design example of a zero-tooth
differential gear.

W

Fig. 35.26 Mechanism (1st stage differential, 2nd stage z1=z2), model

In Fig. 35.27, select O in gear number difference, and set the module,
number of teeth, pressure angle and helix angle. Next, select No. 25 out
of 25 items that fit in the auxiliary function (Fig. 35. 28). The dimensions
of this gear are shown in Fig. 35.29 and in Fig. 35.30. Also, Fig. 35.31

shows an enlarged view of the meshing parts C and D in Fig. 35.30.

Teeth rendering is shown in Figure 35.32.

© Result of dimension [o] @ |[=]
Dimension Contact Interference
e = Toymwol] e | Extomal cor | nornl oo |
| Transverse contact pressure angle | cw | deg | 80.0000
Gontact helix angle o dez -
Contact pitch diameater dw mm [

Effective face width buw mm 15.0000
Glearance{laree diameter) ckh mm 0.8760
Clearancelsmall diameter) ckt mm 08760
Maximum contact diameter dia mm 48.2048 ‘ 43,1148
Minimum contact diameter di mm 43,6726 ‘ 44,1686
Traneverse contact ratio & - 1.2472

Owerlap contact ratio eB - 0.0000

Total contact ratio T - 1.2072
Sliding ratiollarge diameter) =L] - -0.0735 ‘ 00787
Sliding ratiofzmall diameter) af - -0. 1688 ‘ 0.1443

Transverse backlash int mim 0.1000
Backlash angle o deg 0.2711 ‘ 0.2711

Fig. 35.29 Gear contact dimensions
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Fig.35.30 Gear mesh diagram (z1=z2)
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Fig. 35.31 Gear mesh diagram (zoom)
© Rendering [E=R R~

contact line

Fig. 35.32 Teeth rendering

© Gear setting [E=8EoE 7
The ditference of teeth number
@0 Ot (O} O Tput
Dutput type Externallvput TtemalOutput ArmFied M
[ " wem —[symbol | Unit | Extemal goar | intrnal goar |
Mormal module mn mm 1.6000
Number of teeth z = &0 | &0 |
Fressure anele an | dee 20.0000 §
Heliz angle 8 dez R |I| 0.00 |"[m
Helix directian — - ok oo
Gandidates graph for dimension
Input type of tooth thickness | -— | —— | Profils shift coef | Profile shift coef v
Prafile shift coefficient xn - -0.3000 1.4337
Mumber of testh spanned zm = 3 [
Base tangent length W[ mm 113328 FNE
Measurement ball diameter | dp | mm 147 T.36E ]
Ower ball distance dm mm 47.3424 459236
Gircular tooth thickness 3n mm 2.0286 0.7252
Genter distance a mm 0.9202
Tooth thinning for backlash tr mm 0. 1000 0.0000
Face width b mm 15.0000 16.0000
Tip diameter da | om 482570 44,1874
Raat diameter dt | mm A1 50,5474
TR ra mm 0.0500 0.0500
Root R rf mm 0.5625 | M 0.5625 (M
Gancal Clear
Fig. 35.27 Gear specification setting
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Fig. 35.28  Auxiliary function (% and contact ratio)
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