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ZAUGG AG EGGIWIL, Switzerland, is one of the worldwide leading companies in the
development and production of snow clearing and skiun preparing machines. Their
products and after sales services are well know fdreyond the Swiss borders and are
used by many satisfied customers all over the worldith a staff of 100, their main
segment of municipal technology covers machines amdjuipment for

* Snow clearance and railway snow clearance

« Ski-run preparation and maintenance

* Ice removal and road maintenance

For the development of a high power railway snow elarer used in the Swiss Alps,
ZAUGG AG EGGIWIL teamed up with EES KISSsoft GmbH for the design of a two
speed gearbox, driving two cutters. EES KISSsoft GbH used the software KISSsoft
and KISSsys to efficiently design and analyse theegrbox.

EES KISSsoft GmbH and KISSsoft AG thank ZAUGG AG ESGIWIL for making this
report possible!

Zaugg AG EES KISSsoft GmbH Title: Railway snow clearer Revision: 0
3537 Eggiwil Weid 10/ P.O. Box No.: Autor: HD
6313 Menzingen Date: Date:
Switzerland Switzerland Manager: HD Approved: HD
www.zaugg-ag.ch www.EES-KISSsoft.ch Email: h.dinner@EES-KISSsoft.ch Date:

C:\HD\EES\Werbung\Reports\Zaugg\Snow-Zaugg.doc 10of8



5 6"1 '

1.1 ZAUGG AG EGGIWIL, www.zaugg-ag.ch

ZAUGG AG EGGIWIL is one of the worldwide leadingropanies in the development and
production of snow clearing and ski-run preparirgchines.

As an ISO-certified enterprise with a well trairsdff of 100 employees, they are able to
react quickly and with flexibility to the marketseds as well as to comply with customer’s
specific requests by offering innovative solutionse main segment of municipal technology
covers machines and equipment for snow clearaat@ay snow clearance, ski-run
preparation and maintenance as well as for ice vahand road maintenance.

1.2 EES KISSsoft GmbH, www.EES-KISSsoft.ch

EES KISSsoft GmbH is a Swiss knowledge based ctarszy firm, a spin off of KISSsoft

AG, focusing on the design and analysis of gearbaxel large bearings. EES KISSsoft
GmbH interacts with their partners in Argentinajylf India, Korea, South Africa and China.

A network with other gearing experts in the fiefddesign, manufacturing and testing ensures
that EES KISSsoft GmbH can offer turn key projdotsbroad ranged problems.

For more information see www.EES-KISSsoft.ch

1.3 KISSsoft AG, www.KISSsoft.ch

In the early 1980s, development began at the Lslkig&Co. AG machine works on an
engineering design software system that was ofligimgended only for internal use but was
later offered to other companies as well. KISSa@twas established in 1998 to guarantee
software maintenance with the aim of improving,amgling and continuously adapting the
design calculation program to make it a state-efdlt program.
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2.1 Design task

A two speed gearbox driven by two electromotors faatliring two power take off couplings
to drive oil pumps should be analysed.

Shafts had to be checked for fatigue strength,rasgpinfinte life as the gearbox will be used
for several decades in a demanding environmenftsShad also be checked for static
strength as the blades of the snow clearing machaehit stones or wood hidden in the
snow. A high strength but ductile material, 34CrMiBAvas hence used for the shaft design.
Gears were rated as per the customers requirencentsdering flank and root strength. Gear
rating was performed as per the ISO6336 standarwidering alternating bending on the
teeth in the idler gears. Gears are case harderkgraund using case hardening steel of
approximately 62HRC hardness. Additionaly, to actdar misuse, a static rating against
yield strength was performed, ensuring that evemmduoad peaks, no permanent
deformation on the gears would remain.

The bearings were rated along L10 method only wisich line with common practice for
industrial and general purpose gearboxes. Beatatig sating was done using the same static
loads as mentioned above.

Starting from an initial design provided by ZAUGGAGGIWIL Senior Engineer, Mr.
Braun, an analytical model was established whexg#ars, bearings and shaft were
optimized and rated. Based on these calculati@vgral design modifications were proposed
which were then incorporated in the manufacturiraywngs.

Figure 2-1 Gear train with electromotors, drive shdts and snow clearer

The gearbox was then commissioned and machininggdtat ZAUGG AG EGGIWIL. The
gears were locally sourced from small but costatiffe high quality Swiss suppliers.
Assembly was then completed at ZAUGG AG EGGIWIL #melwhole snow clearing unit
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was ready for operation before start of the wig@0d7. During the winter season, it has been
operating frequently and without any problems.

Figure 2-2 Speed changing unit

Figure 2-3 The snow clearing unit in operation, thegyearbox at work

2.2 Kinematic conditions

As several load cases had to be studied — the ge&ghtures two inputs, two outputs and
several power take off — an automated kinematicehads set up where any kind of power
flow can be represented. For the fatigue analgsimrmal operation is assumed, where both
electro motors are driving the gearbox. Howeves,gbwer reaching the output stage is

C:\HD\EES\Werbung\Reports\Zaugg\Snow-Zaugg.doc 40f 8



decreased due to the power that is taken fromytsterm through the power take off. Also,
both outputs are driven, reducing their respedoae.

In the figure below, red lines indicate active poflews where the arrows used indicate the
direction of the power flow. The grey connectiondicate a connection where no power is
flowing.

Figure 2-4 Kinematic model of the drive train withtwo speeds, two outputs, two inputs and several paw
take off

For the static analysis, a worst case scenaricagsismed, where both motors are driving and
full power is reaching the output stages (powee @l not active). Also, it is assumed that
only one output path is loaded, e.g. due to a maéangiblocking of the rotor (the torque

being limited by a overload coupling). The situatis shown below. All the power (red
arrows) is going to one output only (other arronwes grey) and the arrows pointing to the
power take off are also grey (no power).
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Figure 2-5 Worst case scenario for the power flow.
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3.1 KISSsys modeling

The calculations were performed in KISSsys, usipgr@meterized model of the gearbox.
Among other things, KISSsys allows the user to kjyicarry out elaborate parameter studies
of entire gearboxes / power trains and efficientiynpare different design variants. KISSsys
uses KISSsoft for the strength and lifetime calokaof the various machine elements.
KISSsoft is a CAE software for a fast and securangi optimization and verification of
machine elements such as gear wheels, shaftspgeascrews, shaft-hub connections and
springs. KISSsoft is aimed at the user in the trassion construction area and is well known
for its varied optimization possibilities. KISSsys system add-on to KISSsoft offers:

Kinematics Calculation:
power flow / speed with spur, bevel, worms and fgear stages,
modelling of rotational mechanisms (planetary, Bagaux, Wolfrom,...),
differentials, (with bevel or spur gears), chainl &elt transmissions,
couplings can be activated and deactivated, slppalgen into account,
outer loads applied to the system taken into adcoun

Integrated strength and lifetime calculation:
to do this, KISSsys accesses KISSsoft,
bearing stiffness, transmission error, profile nficdtion, efficiencies.

Special features:
calculations with load spectra for all machine edets in the model,
different mechanisms variants in the same model,
automatic documentation (proof of strength) for ¢énére mechanism,
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integrated programming language for implementatibspecial functions.

Figure 3-1 KISSsys model featuring kinematic analyis, 3D viewer, tables for data input and output

The output of results is either in tabular formsaewn below or as in comprehensive
calculation reports. Shafts including bearings waogleled using KISSsoft shaft modeler as
shown below. The calculation integrates shaft gfiteand deformation analysis as well as
bearing lifetime calculation.

3.2 Using KISSsoft
KISSsoft is used for the sizing, optimization amalgsis of single machines elements.

Figure 3-2 Shafte modeling and analysis in KISSsoft

The gears were modeled and optimized using KIS$sait calculation. The subsequent
strength rating is reported in a report summarinranufacturing data, gear geometry and
strength data. Finally, the gear data was exp@$edAD data sets.

C:\HD\EES\Werbung\Reports\Zaugg\Snow-Zaugg.doc 7 of 8



Figure 3-3 Gear analysis and optimisation in KISSsb

Figure 3-4 CAD model of the gear train including haising and couplings using KISSsoft data

The engineering analysis involved in this projemild be performed very quickly due to the
use of an integrated software. Results were themumicated to the customer who is using
the same software by sending the calculation Bieemail.

EES KISSsoft GmbH as design engineers and KIS@gsfas supplier of the software would

like to thank ZAUGG AG EGGIWIL for their continugmhrtnership and for making this
report available!
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