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ZAR1+: Rack ratio and rack load

&d ZAR1+ Spur and Helical Gears - rack.zar = O ot
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mn =2,5 21 =18 22 =-3000

alpha= 20° dwt =45,03 dw2 =-7505,03

beta = 0° dff =41,92 df2 =-7514,90 |
a =-3730,000 da1 =53,17 da2 =-7503,65 |
eps.al. = 1,442 db1=42,29 db2 =-7047,69 |
phi=6,61°__ xe1 =0,634 xe2 =-1,730

For the rack-pinion calculation, a rack is a gear with an infinite number of teeth. In ZAR1+, it is
recommended to use a ring gear with 3000 teeth as the rack (z2=-3000).

| ZAR1+ Pinion/rack *

Number of teeth Pinion 21 18

Number of teeth rack z2 -3000 <

tooth-thickn, deviation Asne 2 -0.095 ram <

taath-thickn. deviation Azni 2 -0.145 mm 4

height rack h-da 8 rAm 4
rack ratio 120 ey mn=irack./[pi*z1]=2,122mm
rack load 10000 M T1 =Fmnz1/2 =191 OMm
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In the input window at “Edit\Special dimensions\pinion-rack” you can enter the tooth thickness
tolerances and the height of the rack, known from earlier versions.

A new addition is the input of the rack-pinion ratio, which is the stroke of the rack per pinion
revolution. This is simply pi*d1 = pi * mn * z1 / cos(B). If you change the "rack ratio", the normal
module is recalculated.

The force on the rack in the direction of movement is similar: pinion torque T1 =F rack *d1 /2 =F
rack * mn * z1 / (2*cos(B)). If you change the rack force, the pinion torque is adapted.



WN2+: Edit ISO tolerance of external diameter

h11/HI1I is the tolerance of the outside diameter of the shaft and hub according to DIN 5480.
Normally, this generous tolerance lies within the diameters cut by the gear cutting tool. In WN2+,
you can now also enter a different ISO tolerance. "A dal" and "A da 2" under "Edit\Tooth
dimensions" if you remove the check mark from "DIN 5480".

oo

W2+ Dimensicns x

Pressure angle alpha 20 g <

Mormal module mn - 3 mm

Mumber of teethz 38

[ DIN 5480
) ) - Adal Adaz2
Mominal Diameter dB 120 mim
g9 H10 F
1 (extern.) 2 (intern.spling)
Addendum hafm 0,43 0,45 =
Dedendum hfpfmn=haPd/mn 0,55 0,55 <
Root fillet radius rffm 0,15 0,16 <
Profile shift coeff. x nom 0,45 -0,45
Profile shift coeff. xe min 0,424 0,476 [ Edit xe minfmax
Profile shift coeff. xe max 0,442 0,45
simn  Wimin  Mimin M2min  eZmax | W?
DM, k Ase, Asi
. M?

Cancel Help A, Image mm <--3 inch Calc

The printout then lists: ISO tolerance, dimensions according to ISO tolerance, largest and smallest
outside diameter (xe), which result from tooth height factors, profile shift and tooth thickness
tolerance.

Theor.tip diameter da nom mm 119,400 114,000
Tolerance da go/HLO Adla  mm 0,099 0,140
Tolerance dao g9/H10 Adeo 0,012 0,000
Tip diameter (xemax) da max mm 119,352 114,000
lip diameter (xemin) da min mm 119,242 114,156



FED14: Calculation method

B FED14 - helical wave spring - c200m5.£14 = O x
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C200-M5 Helical wave spring R= 195
Smalley F=501b
DIMENSIONS marenal ) Limmj FN] sim
Da  |mm|48.35 EN 10151-1.4310 -C18 0| 2210
o mim|42.08 Band X10CriI18-8 «C1800 1] 2210 0.00 00
Dm  |mm|4572 Alslam 2| &78 278,03 133
L0 |mm|22.10 Fedarband Nirosi@ n| 1185 | 21438 10,2
b mim|3.832 E = 185000 MPa o | 320 30542 18,8
r mm | 0457 B0 = 188083 MPa R = 20,82 N/mm
z 4.5 Rm =2141 HPa
n 7 Sig_panm = 1480 MPa
nt 7
Dac  |mm|50.43 calculapon mathod: R={n*z50.518-0.456)"E"bin *2*2**{cDm) 3
. . Lfar |mm|1028.2

L0 = 22,10 mm L1=2210 mm L2 =8763 mm m g |135 Error : sig2 > sig.adm |

G X ) G TR

Because there is no standard with ready-made formulas for calculating helical wave springs, in
2015, during the development of FED14, experiments were carried out with different formulas for
calculating spring forces and spring rates, derived from wave spring washers and girder
calculations. The calculation changes for open and closed wave spring washers, depending on the
bearing conditions, whether it is clamped firmly on both sides or on one side. The helical wave
spring is somewhere in between, and the coil ratio must also be taken into account. In practice, it
has been shown that Smalley's formulas usually agree better with the measured values than my own
derived formulas. Therefore, the Smalley formulas are now set as the default setting. This
calculation method is now set when the program starts.

——— ) I
FED14 >
Calculation Method Predimension
(O R=(n*"z*0.516-0.456)"E*b/n"2"2"3*(t/Dm) 3 number of waves z 3.5 >
Q= A ~ i
0O smalley: R=1/K*E*b/n*z~4*(tjOm) 3" De/Di bm/b 12
()R =0.516*E*h/n*z"4%(t/Dm) ~3 bt 7
I.-'-.I — A A .
() R=0.417"E*D/n*z"4*(t/Dm) ~3*De/Di Froie ot BB
() R=sum{{n*z*0. 516-0. 456)*E*hi/n 2%z~ 3*(t/Omi) "3 sc/s2 2
[ Mo-show Quidk3 View
CAD resolution 3 =
IUnits metricfimperial  metric (mm, M, MPa, Nmm, =C) e
Warnings Display all warnings e
Calc Cancel Help Text Aux. Image
e r

You can also set the calculation method as the start setting without an update: Save the file with the
default settings with the file name “null”. If there is a null file, it will be loaded automatically when
the program starts.



HEXAGON PRICE LIST 2024-11-01

Base price for single licences (perpetual) EUR

DI1 Version 2.2 O-Ring Seal Software 1901
DXF-Manager Version 9.1 383.-
DXFPLOT V 3.2 123.-
FED1+ V32.1 Helical Compression Springs incl. spring database, animation, relax., 3D,.. 695.4
FED2+ V22.6 Helical Extension Springs incl. Spring database, animation, relaxation, ... 675.4
FED3+ V22.1 Helical Torsion Springs incl. prod.drawing, animation, 3D, rectang.wire, ... 600.
FED4 Version 8.0 Disk Springs 4301
FEDS5 Version 17.6 Conical Compression Springs 741 .-
FEDG6 Version 18.6 Nonlinear Cylindrical Compression Springs 634.4
FED7 Version 15.6 Nonlinear Compression Springs 660.
FEDS8 Version 7.6 Torsion Bar 317 .-
FED9+ Version 7.0 Spiral Spring incl. production drawing, animation, Quick input 4901
FED10 Version 4.5 Leaf Spring 500.-
FED11 Version 3.6 Spring Lock and Bushing 210.4
FED12 Version 2.7 Elastomer Compression Spring 220.
FED13 Version 4.3 Wave Spring Washers 2284
FED14 Version 2.9 Helical Wave Spring 395.-
FED15 Version 1.7 Leaf Spring (simple) 180.1
FED16 Version 1.4 Constant Force Spring 2254
FED17 Version 2.6 Magazine Spring 725.-
FED19 Version 1.0 Buffer Spring 620.
GEO1+ V7.5 Cross Section Calculation incl. profile database 294 .
GEO2 V3.4 Rotation Bodies 194 1
GEO3 V4.1 Hertzian Pressure 205.
GEO4 V5.3 Cam Software 265.4
GEO5 V1.0 Geneva Drive Mechanism Software 218.4
GEOG6 V1.0 Pinch Roll Overrunning Clutch Software 232.1
GEO7 V1.0 Internal Geneva Drive Mechanism Software 219.4
GR1 V2.2 Gear Construction Kit Software 185.-
GR2 V1.4 Eccentric Gear Software 550,
GR3 V1.3 Cycloidal Gear Software 600,
HPGL Manager Version 9.1 383.-
LG1 V7.0 Roll-Contact Bearings 296.4
LG2 V3.1 Hydrodynamic Plain Journal Bearings 4601
SR1 V25.2 Bolted Joint Design 640.4
SR1+ V25.2 Bolted Joint Design incl. Flange calculation 750.-
[TOL1 V12.0 Tolerance Analysis 506.-
[TOL2 Version 4.1 Tolerance Analysis 495 .1
TOLPASS V4.1 Library for ISO tolerances 107 .-
[TR1 V6.5 Girder Calculation 757 .-
WL1+ V21.9 Shaft Calculation incl. Roll-contact Bearings 945.-
WN1 V12.4 Cylindrical and Conical Press Fits 4851
WN2 V11.6 Involute Splines to DIN 5480 250.
WN2+ V11.6 Involute Splines to DIN 5480 and non-standard involute splines 380.-
WN3 V 6.0 Parallel Key Joints to DIN 6885, ANSI B17.1, DIN 6892 245 4
WN4 V 6.2 Involute Splines to ANSI B 92.1 276.4
WN5 V 6.2 Involute Splines to ISO 4156 and ANSI B 92.2 M 2554
WNG6 V 4.1 Polygon Profiles P3G to DIN 32711 180.1
WN7 V 4.1 Polygon Profiles P4C to DIN 32712 1751
WN8 V 2.6 Serration to DIN 5481 1951
WN9 V 2.4 Spline Shafts to DIN ISO 14 170.1
WN10 V 4.5 Involute Splines to DIN 5482 260.
WN11 V 2.0 Woodruff Key Joints 240.4
WN12 V 1.2 Face Splines 256.4
WN13 V 1.0 Polygon Profiles PnG 238.4
WN14 V 1.0 Polygon Profiles PnC 236.4
WNXE V 2.4 Involute Splines — dimensions, graphic, measure 375.1
WNXK V 2.2 Serration Splines — dimensions, graphic, measure 230.
WST1 V 10.2 Material Database 2351




ZAR1+V 27.1 Spur and Helical Gears 1115.4
ZAR2 V8.2 Spiral Bevel Gears to Klingelnberg 7921
ZAR3+ V10.6 Cylindrical Worm Gears 620.-
ZAR4 V6.4 Non-circular Spur Gears 1610.-
ZAR5 V12.8 Planetary Gears 1355.1
ZARG6 V4.3 Straight/Helical/Spiral Bevel Gears 585.
ZAR7 V2.7 Plus Planetary Gears 1380.-
ARS8 V2.3 Ravigneaux Planetary Gears 1950.-
ZAR9 V1.1 Cross-Helical Screw Gears 650.
ZARXP V2.6 Involute Profiles - dimensions, graphic, measure 275.4
ZAR1W V2.7 Gear Wheel Dimensions, tolerances, measure 450.-
ZM1.V3.1 Chain Gear Design 326.
ZM2.V1.1 Pin Rack Drive Design 320.1
ZM3.V1.1 Synchronous Belt Drive Design 224 -
PACKAGES EUR
HEXAGON Mechanical Engineering Package (TOL1, ZAR1+, ZAR2, ZAR3+, ZAR5, ZAR6, WL1+, WN1,
WN2+, WN3, WST1, SR1+, FED1+, FED2+, FED3+, FED4, ZARXP, TOLPASS, LG1, DXFPLOT, GEO1+, 8,500.-
TOL2, GEO2, GEO3, ZM1, ZM3, WN6, WN7, LG2, FED12, FED13, WN8, WN9, WN11, DI1, FED15, GR1)
HEXAGON Mechanical Engineering Base Package (ZAR1+, ZAR3+, ZAR5, ZAR6, WL1+, WN1, WST1, 4.900 4
SR1+, FED1,+, FED2+, FED3+) ’ )
HEXAGON Spur Gear Package (ZAR1+ and ZAR5) 1,585 .-
HEXAGON Planetary Gear Package (ZAR1+, ZAR5, ZAR7, ZARS8, GR1) 3,600.-
HEXAGON Involute Spline Package (WN2+, WN4, WN5, WN10, WNXE) 1,200.-
HEXAGON Graphic Package (DXF-Manager, HPGL-Manager, DXFPLOT) 741
HEXAGON Helical Spring Package (FED1+, FED2+, FED3+, FED5, FED6, FED7) 2,550.-
HEXAGON Complete Spring Package (FED1+, FED2+, FED3+, FED4, FED5, FED6, FED7, FEDS, 4,985 .-
FED9+, FED10, FED11, FED12, FED13, FED14,, FED15, FED16, FED17, FED19)
HEXAGON Tolerance Package (TOL1, TOL1CON, TOL2, TOLPASS) 945 -
HEXAGON Complete Package (All Programs) 14,950.
Quantity Discount for Individual Licenses
Licenses 2 3 4 5 6 7 8 9 >9
Discount % 25% 27.5% 30% 32.5% 35% 37.5% 40% 42.5% 45%
Network Floating License
Licenses 1 2 3 4 5 6 7.8 9.1 >11
Discount/Add.cost | -50% | -20% 0% 10% | 15% 20% 25% 30% 35%

(Negative Discount means additional cost)

Language Version:
- German and English : all Programs

- French: FED1+, FED2+, FED3+, FED4, FEDS, FED6, FED7, FED9+, FED10, FED13, FED14, FED15, TOL1, TOL2.

- Italiano: FED1+, FED2+, FED3+, FED4, FED5, FED6, FED7, FED9+, FED13, FED14, FED17.
- Swedish: FED1+, FED2+, FED3+, FED5, FEDG6, FED7.

- Portugues: FED1+, FED17

- Spanish: FED1+, FED2+, FED3+, FED17

Updates:

Software Update Windows: 40 EUR, Update Win64: 50 EUR

Update Mechanical Engineering Package: 800 EUR, Update Complete Package: 1200 EUR
Maintenance contract for free updates: annual fee: 150 EUR + 40 EUR per program

Hexagon Software Network Licenses
Floating License in the time-sharing manner by integrated license manager.

Conditions for delivery and payment
Delivery by Email or download (zip file, manual as pdf files): EUR 0.

General packaging and postage costs for delivery on CD: EUR 60, (EUR 25 inside Europe)

Conditions of payment: bank transfer in advance with 2% discount, or PayPal (paypal.me/hexagoninfo) net.
After installation, software has to be released by key code. Key codes will be sent after receipt of payment.
Fee for additional key codes: 40 EUR

HEXAGON Industriesoftware GmbH E-Mail: info@hexagon.de Web: www.hexagon.de



