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[Abstract ] [Case Study — Designing a Reliawind R80 Gearbox
The project reports the development of a design software tool for wind turbine (WT) et 100 The project carried out a case study, R80
gearboxes. It facilitates the conceptual design of WT gearboxes supporting designs with S Geron gearbox proposed by EU Reliawind as
dlﬁerent Comb|nat|ons Of planetary and para”el gear Stages Analyses Of gear bend”']g Systeminput:p;ed > Stage 1 3 Stage'll:uutput;paeed 3 Stage 2 Stageznutpu;sazeed 3 Stage 3 Systemnut?::jaeed one Of the generlC Wlnd turblne
strength and pitting resistance are in accordance with the AGMAZ2001 standard. The o s s configurations [3]. It has a nominal power
calculations of the AGMA geometry factors are verified in accordance with the AGMA E *‘ = Wl of 2 MW and a gearbox design with a

Stage 1 type E picyclic W Stage 2 type Farallel W Stage 3 type Parallel »

transmission ratio of approximately 100.
The R80 Is to use a asynchronous
generator with a nominal rotational speed
| around 1600 rpm. The turbine blades are

908 Iinformation sheets. A case study of a 2 MW and three phase asynchronous
generator with a nominal rotational speed around 1600 rpm has been tested to
demonstrate the capabilities of the design software tool.
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. . , [] Remave stage [] Remave stage [] Remave stage d eSig ned to rotate at arou nd 1 6 rpm .
Project Objectives N - .
Using just this information a gearbox can
Why: _ _ be created as shown in Figure 2. Gear
| Figure 2: The System Overview ratios of 6, 4 and 4.2 are selected, for
o In an indirect drive WT, the gearbox alone counts for about 13% of the overall cost; of three gear stages ’ ' !
. . . . . . - one planetary and two parallel stages.
o Design evaluations Iin the conceptual design phase is essential to eliminate
earbox design faults and to improve the operational performance; » _
J J _ P P P _ _ Initial results show that bending R
o An easy to use design software tool would allow the design team to explore various s . e — Systern
_ _ _ _ strength and pitting resistance oo
possible design concepts in the early phase of the design; i C e N0 |
c ! soft | o i i | oble f b safety factors are below the zn -
. . Face Width 750 Dedendum 1.25 F
© orrITmet.rma S0 tware S al\'/altadet, | bcan edegpensn./e, unsw.tah et of W'h I' ;" ne minimum recommended values of L m O
n I n r W I I I r Number of testh 56 O
zpp.lcallons IO; 00 complicated 10 be Used by engineers out specialist ged the AGMA 6006 standard [4] for —
esigh KNOWISEge. stages 1 and 2. Several : T
The developed design tool supports the conceptual design of a WT gearbox: combinations of gear geometrical _
> Different combinations of planetary and parallel gear stages; parameters are tested in order to ] Zenta]
. L : L : | ' it 12 —
> Arbitrary transmission ratios at individual stages to accommodate required find a conceptual stage design e
input/output speeds of the gearbox; wf_uch meets the safety factor —_— o
> User friendly graphical interface, providing defaults and options based on wind crlter.la. Tablle 1 shows one s
possible solution for three stages. e _ N _ e —

turbine gear technology;

> Quick, accurate analysis and refinement of the design by providing instant results Figure 3: The Design dialog of stage one
for proposed design changes;

> Analyses of bending strength and pitting resistance of gear teeth in accordance Table 1: The updated design parameters for each gear stage

: _ Gear Stage Module Helix | Face Width| Number of Pitting Bending
with the AGMA2001 standard; | _ (mm) | Angle (°) (mm) Tooth Resistance | Strength Safety
> Exporting gear geometry to Finite Element Analysis software for further analysis. Safety Factor Factor
< ) Sun 29 1.27 2.14
[ Design of the Software Tool ] tage Planet 25 20 750 58 1.41 232
(epicyclic)
Gear
Edit stage geometry —
Edit stage arrangement Stage 2 Pinion " 0 500 27 1.31 2.32
\ \ Edit material properties (para"el) Gear 108 1 42 2 71
Export tooth profiles .
[ System Design Stage 3 Pinion o 20 - 25 1.28 2.45
O";"'e‘” Dialog (parallel) | Gear 105 1.39 2.85
\ - ; - ™= PinWheel v.1.0a =13
Add/remove a stage View results summary Figure 3 shows the Design dialog IR
. : Systemn
/ for dete rmlne the gear geometry Of A::Ej:lm:::ft:j;jj:; been calculated from the infarmation supplied in the Design Window and Analysis Tab. Y'ou may overide these by checking Numhernf}:tages: :
Analysis stage one. As shown at the bottom
Create a repOrt D' I . | Factor 021958 [ J Factor - Pinian dsaE [ System Overien
\ I a og Of th e W I n d OW, th e g re e n b a rS Fitting Stress Cycle Factar, ZM 0.743936 F J Factor - Gear 0.5612 F]
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Edit analysis parameters : oy
Load bending and pitting safety factors, N — 0 ervens — g e
/ \ View/edit AGMA deratlng factors meetlng the AG MA 6006 Crlterla_ Dynamic Factor, Ky 11078 E Reliabity Facter, KR B O I
. . . Size Factor, Ks 1 Stage 2
SN @ ST Load a system Figure 4 shows the Deign Analysis
Figure 1: User navigation dialog which calculating derating e | |
factors for stage one design_ —
. Reports including calculations of
Implementing the AGMA 2001 Standard P 9 -
geometry, material, and load data, | e
The analysis included the bending strength and pitting resistance safety factor stress numbers and power ratings — = e — —
Figure 4: The Design Analysis

calculations for each stage, based on the AGMA 2001 standard [1]. A particular can be generated for each stage.

dial f st
challenge faced was in evaluating the Bending Strength Geometry Factor (J-factor) and lalog ot stage on€

Pitting Resistance Geometry Factor (lI-factor). The calculations of these factors for any

given set of input parameters require data from a series of charts and each chart only [ConCIusmns

valid under certain conditions. Interpolation between these charts is not recommended. The software tool developed provides effective means to design wind turbine gearboxes
To maintain the calculation accuracy, this project implemented the full AGMA 908 in the early stage of design development. This software could be used among the
calculations for both | and J tactors [2]. members of a wind turbine design team to aid concept design integration.
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