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DESIGN AND OPTIMIZATION OF GEOMETRIC PARAMETERS
OF GEARS FOR AN ELECTRIC VEHICLE TRANSMISSION

This study focuses on the design and optimization of the geometric parameters
of gears in electric vehicle (EV) transmissions to enhance performance, efficiency,
and noise reduction. The optimization process was conducted using KISSsoft,
considering constraints such as input speed and torque, transmission system
volume, and gear ratios for each driving mode. A novel aspect of this research is the
integration of transmission efficiency analysis with a variable efficiency coefficient
into the optimization workflow, which has been demonstrated to significantly
influence the optimal design of multi-speed EV transmissions.

Throughout the optimization, key factors such as tooth bending stress, contact
stress, contact ratio, and specific sliding were analyzed. Additionally, the impact
of module variations on gear profile geometry, overlap ratio, tooth count, and
gear pair mass was investigated. Strength calculations for the optimized gear
pairs, determined for all geometric parameters using KISSsoft, were performed
in accordance with the mathematical model outlined in ISO 6336, and the results
were subsequently compared. The findings emphasize the critical role of profile
modifications and precise gear design in optimizing gear performance, ultimately
contributing to improved efficiency, reliability, and service life.

Keywords: gear design optimization, electric vehicle transmission, KISSsoft,
gear profile modification, 1SO 6336.

Introduction

In recent years, the automotive industry has been transitioning from internal
combustion engine (ICE) vehicles to electric vehicles (EVs) due to increasingly stringent
fuel efficiency and emission regulations worldwide. To meet these evolving standards
and enhance EV performance, extensive research and development efforts are being
directed toward the creation of advanced electric vehicle transmission systems, aiming
to improve energy efficiency, driving dynamics, and overall sustainability [1].

The development of electric vehicles is progressing rapidly, with related technologies
continuously advancing and gradually reaching maturity. As key components of the
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pure electric vehicle drive system, the drive motor and transmission require careful
parameter matching and design optimization to maximize the vehicle’s driving range
under identical battery conditions [2]; [3]. Electric vehicles have traditionally relied
on single-speed gearboxes due to their straightforward design and high efficiency.
Nevertheless, there is growing interest in multi-speed gearboxes for electric vehicles
because of their potential advantages. These include improved efficiency of the electric
traction machine and inverter, enhanced vehicle acceleration, better gradeability, higher
top speed, and possible reductions in the overall mass and volume of the traction system
[4]. Multi-speed gearboxes may be particularly advantageous for performance electric
vehicles, light to heavy-duty trucks, and buses, given their substantial torque and power
demands. It is worth noting that the ideal gearbox design can differ based on the specific
use case and driving conditions [5].

For example, [6] shows that optimization outcomes vary between simulations using
the New Europe Drive Cycle and Urban Dynamometer Driving Schedule, underscoring
the necessity for thorough design and optimization of the entire powertrain system.
Furthermore, [7] indicates that single speed gearboxes configurations offer efficiency
benefits compared to multi-speed gearboxes, but stresses the importance of considering
both application-specific machine design and topology to fully realize the technological
potential.

This paper introduces an innovative power solution for electric vehicles that
incorporates an electric motor and a planetary gear system. The optimization process
focuses on two primary objectives: the volume and transmission efficiency of the two-
speed gearbox. The suggested mechanism is particularly suitable for EV drive systems,
owing to its uncomplicated design and capacity for smooth gear shifts at high velocities.
Additionally, it is adaptable for use in in-wheel drive systems, which require an extremely
compact configuration. This arrangement addresses speed disparities through the
utilization of open gear shift components, effectively reducing clutch resistance losses.

Materials and methods

This study focuses on selecting the optimal transmission for an electric vehicle by
considering its specific characteristics (table 1) and those of the electric motor, utilizing
the KISSsoft software [8] for analysis.

Table 1 — Basic requirements for EV

Item Parameter

Seats 1
Vehicle weight, kg 200
Power reserve, km 100
Maximum speed, km/h 60
Maximum gradeability, % >20
Wheelbase, mm 1750
Wheel size R12
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The vehicle is equipped with an electric motor rated at 10 kW (table 2), operating
at a nominal voltage of 72 V DC. To reduce size and weight, DC propulsion motors
generally function at high rotational speeds. As a result, a reduction gearbox is necessary
to align the motor’s speed with the wheel rotation [9]; [10]; [11].

Table 2 —Technical characteristics of the electric motor

Item Parameter
Constant voltage 72V
Rated power 10 kW
Rated torque 50 Nm
Rated base speed 2000 rpm
Rated maximum speed 5000 rpm

The determination of the overall transmission ratio must satisfy the vehicle’s
performance criteria, ensuring both adequate gradeability for ascent and the capability
to attain the maximum velocity [12]. The corresponding expression is:

= e g

0
max

where, n_— maximum speed of the electric motor (n_ = 5000 rpm)
d — wheel diameter (d= 522 mm = 0.522 m)
v —maximum speed (V= 60 km/h = 1000 m/min )

The gear ratio of the first stage can be determined using the following formula [13]:
i =0,9365i"%" =3.8

where, i — first stage gear ratio

1, — second stage gear ratio

After entering output parameters of electric motor and gear ratios into KISSsoft,
program designed 3D model and kinematic scheme. In figure 1. shows kinematic scheme
of EV transmission consists of two sequential gear pairs that progressively reduce or
increase speed and torque.
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Figure 1 — Kinematic scheme of EV transmission

The preliminary calculation of the gearbox dimensions is carried out using
specialized software, determining key parameters such as center distance, tooth width,
gear diameters, and gear ratio while considering permissible loads. The optimization
process focuses on achieving one of several key objectives: minimizing weight to
reduce energy consumption, increasing torque capacity for high-load transmission, or
enhancing specific power to balance compactness, strength, and efficiency.

The design process for the first stage of the gearbox in KISSsoft begins with
model preparation, which includes defining gear, shaft, and bearing parameters, as
well as evaluating their deformations. The nominal gear ratio of the first stage (i,=3.8)
is then specified, dictating both speed and torque, and the operational context of the
transmission is selected. An initial calculation is performed to determine center distances,
gear module, gear diameters, and tooth width, as well as to estimate component weight
for structural mass optimization. Subsequently, six configurations with maximum
specific power are analyzed, leading to the selection of the optimal design (Figure 3).
This final configuration ensures high power density while maintaining minimal center
distance, thereby enhancing the gearbox’s compactness, mechanical strength, and
overall efficiency.
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Figure 2 — Graphs of the dependence of minimum root
safety on minimum flank safety for the general contact ratio
(a) and for the efficiency (b) of the first speed gear pair
Geometry
Tooth geometry ‘symmetrm V| Gear 1 Gear 2 Details...

Normal module m, | 1.0000 | mm = Number of teeth z

Normal pressure angle a, ‘ ZD.DDDD| ° A Facewidth b mm  +

Gear 1 ‘he\ix right hand ~ | 9 Profile shift coefficient  x I:l e e F
Helix angle at reference circle ‘ D.UUUUl ° “ Quality (ISO 1328:2013) A I:l l:l rd

Center distance a ‘ 61.UUDU| mm !

Material and lubrication

Gear1 |Case hardening steal ] [18x2H2M, case-hardened, 150 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm v] +
Gear2 [Case hardening stesl ] [18x2HaM, case-hardened, 150 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm V] +
Lubrication |D|\ bath lubrication ~ ‘ + |ED—VG 220 ~ ‘ « +

Figure 3 — Geometric parameters of the first speed gear pair

The graph (Figure 2.a) represents the relationship between minimum root safety
and minimum flank safety for various gear meshing configurations. The color scale
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indicates the total contact ratio, which describes the number of tooth pairs engaged
simultaneously. A higher contact ratio ensures smoother load transmission and reduces
impact forces. Unlike the previous graph, the color scale here represents efficiency,
highlighting energy losses within the transmission system. Higher efficiency values
correspond to lower energy losses during power transmission.

As a result, the most optimal configuration is represented by point 65, as it
demonstrates high flank safety, ensuring resistance to surface wear, high root safety,
preventing fatigue failure, a high contact ratio that guarantees smooth load distribution,
and superior efficiency that minimizes energy losses.

A similar analysis is conducted for the second gear stage (Figure 4), leading to the
selection of point 23 (Figure 5) as the optimal configuration due to its favorable geometric
parameters. Additionally, the software generates a 3D model of the transmission system
(Figure 6).
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Figure 4 — Graphs of the dependence of minimum
root safety on minimum flank safety for the general contact ratio
(a) and for the efficiency (b) of the second speed gear pair
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Geometry

Tooth geometry |5ymmetr|c ~ ‘ Gear 1 Gear 2 Details...
MNormal module m, | 1-525']‘ mm A Number of teeth z

Normal pressure angle a, | ZD.DDDD‘ e o Facewidth b mm  +

Gear 1 |hehx right hand ~ ‘ ¢ Profile shift coefficient  x |:| < e F
Helix angle at reference circle B | Q.I]EIEIIJ‘ e L Quality (IS0 1328:2013) A l:l l:l rd

Center distance a | 70.0000| mm [ <

Material and lubrication

Gear 1 |Casa hardening steel ~ | ‘15X2H2M, case-hardened, IS0 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm ~ ‘ +
Gear 2 |Ca52 hardening steel ~ | ‘IBXZHZM, case-hardened, ISO 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=12mm ~ ‘ +
Lubrication [0l bath lubrication v| + [s0-v6 220 V] e+

Figure 5 — Geometric parameters of the second speed gear pair

Figure 6 — 3D model of the electric vehicle gearbox

Next, we optimize the gear transmission by implementing deep-tooth profile gears
[14] using KISSsoft. This approach significantly enhances transmission performance
by enabling precise calculation of meshing parameters.

Within the software, we conduct a contact analysis using the face load factor (Kf),
which quantifies the load distribution variation along the tooth width. The calculation
is performed without considering manufacturing deviations, in accordance with Annex
E of the ISO 6336-1 standard.
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Face load factor

Method |Ca|cu|ation without manufacturing deviation ISO 6336-1 Annex E e |

Face load factor Kig | 1.8160 |

Figure 7 — Load distribution factor along the tooth length Kf3
calculated without considering manufacturing deviations,
in accordance with Appendix E of ISO 6336-1

In Figure 7, the face load factor K,=1.8160 indicates that the load distribution along
the gear tooth width is uneven. This means that in the most heavily loaded areas, the
overload reaches 81.6 % compared to a uniform load distribution.

1700.000

[N/rm2 ]

1425.000

1150.000

875.000

Stress curve on tooth (Hertzian pressure)

600.000

Figure 8 — Contact stress distribution

Figure 8 illustrates the distribution of contact stresses (Hertzman pressure) on the
gear teeth. Due to the high face load factor Kf, a zone of increased stress is observed
on the tooth surface, located closer to the beginning of contact, with a gradual decrease
towards the tooth base. This indicates an uneven load distribution, which may be
attributed to gear meshing geometry, misalignment errors, or insufficient tooth profile
modifications.

To reduce the K factor, we will recalculate the values considering manufacturing
deviations according to ISO 6336-1 Annex E. Additionally, we will apply further
modifications (Figure 9) aimed at optimizing the load distribution along the tooth width.
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Additional modifications

Variant for calculation No variant defined w +
Gé\ar Flank Modification type Value [pm] Factor 1 Factor 2 Status
Gear 1 both Flank line crowning 5.0000 1.0000 active
Gear 1 both Helix angle modification, parallel (value) -11.0000 active
Gear 2 both Flank line crowning 5.0000 1.0000 active
Gear 2 both Helix angle modification, parallel (value) -11.0000 active

Figure 9 — Variants of additional gear modifications in KISSsoft software

Face load factor

Method |Ca|cu|ation with manufacturing deviation ISO 6336-1 Annex E “ |
Face load factor Kig | 1.180?|
Toothing tolerance | =l | 1U.?UUU| pm
Axis alignment tolerance  |f.| | G.GUUU| pm
= 1600, 000
:

1350 000

900. 000

450.000

Stress curve on tooth (Hertzian pressure)

0.000

Figure 10 — (a) Load distribution factor along the tooth length KBK \betaK[3
calculated considering manufacturing deviations according
to ISO 6336-1 Annex E.(b) Contact stress distribution

Figure 9 presents a table of additional gear modifications in KISSsoft. In this
configuration, both gears utilize the Flank line crowning modification with a value of
5 um, which introduces a slight rounding along the tooth width. This helps to reduce
stress concentrations and compensate for potential alignment errors. Additionally,
both gears include the Helix angle modification, parallel (value) with a value of -11
um, which adjusts the helix angle of the tooth line. This modification influences the
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load distribution among the teeth, reducing local overloads and improving meshing
conditions.

After recalculating all parameters, the software produced the results shown in
Figure 10a. Comparing this value with the previous one (1.8160, without manufacturing
deviations), it is evident that considering real manufacturing tolerances has significantly
reduced the load factor. This indicates that after implementing the adjustments, the gear
transmission now distributes the load more evenly along the tooth width.

Result and discussion

The study optimized an electric vehicle (EV) transmission using KISSsoft software,
focusing on load distribution and design efficiency through a step-by-step approach:

Preliminary Design: Key parameters — center distance, gear module, and tooth
width — were calculated, setting the first-stage gear ratio to balance speed and torque.

Configuration Selection: Six configurations were analyzed, selecting point 65 for
the first stage and point 23 for the second, based on safety, contact ratio, and efficiency.

Stress Analysis: Initial calculations revealed uneven load distribution, with a face
load factor of 1.8160.

Profile Modification: Flank line crowning (5 pm) and helix angle correction
(-11 pm) reduced stress concentration.

Recalculation: Considering manufacturing deviations (ISO 6336-1 Annex E), the
load factor dropped to 1.1807.

Optimization: The final design improved durability, reduced noise, increased
efficiency, and maintained compactness. This structured method highlights KISSsoft
as a key tool for optimizing gear design and managing real-world deviations.

This structured approach, combining deep-tooth profile gears, profile modifications,
and helix angle corrections, significantly improved the transmission’s reliability and
operational efficiency, underscoring KISSsoft software as a vital tool for gear design
optimization and real-world deviation management.

Conclusion

The analysis of gear transmission performance utilizing KISSsoft software examined
various factors affecting the reliability and efficiency of meshing. The transmission error
graph analysis revealed significant deviations, indicating fluctuations in gear operation
that may result in vibrations and increased noise levels. The initial load distribution
factor along the tooth length, Kp=1.8160, indicated an 80 % overload, highlighting a
substantial concentration of load in one engagement area.

To mitigate this coefficient, a tooth profile modification was implemented, including
flank line crowning of 5 um for both gears and a helix angle correction of -11 um to
compensate for alignment errors. Subsequent to these modifications, the load distribution
factor decreased to KB=1.1807, indicating a more uniform load distribution.

The initial Hertzian contact stress distribution exhibited high local concentrations
near the tooth edges. Following optimization, the stresses became more evenly
distributed, confirming the efficacy of the tooth profile modification. The linear load
distribution across the tooth width initially demonstrated a significant shift in peak load
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due to alignment errors (fpar) and total profile deviations (XfH). However, the optimized
gear geometry balanced the load distribution, thereby reducing the risk of local overloads.

Consequently, the utilization of deep-tooth profile gears, profile modifications,
and helix angle corrections significantly reduced the load distribution factor and stress
concentration, thereby improving gear durability, mitigating wear risk, and enhancing
the smoothness of meshing. The application of KISSsoft software for gear transmission
optimization proves to be an effective tool for improving the reliability and operational
characteristics of the mechanism.
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JIEKTP KOJIIKTEPAIH BEPLUIICIHE APHAJIFAH
TICTI IOHTEJEKTEPIIH TEOMETPHSIBIK
ITAPAMETPIEPIH JKOBAJIAY JKOHE OHTAHJIAHJBIPY

byn sepmmey onimoOinixmi, muimOinikmi dcone wiyovl asaumyosl apmmovlpy
ywin anexmp xonixmepiniy (OK) bepinicmepinoeei bepinicmepoiy ceomempusiivly
napamempepin H#ooaniay2a isane Oymaianovipyea basvimmanzan. O4mariianowbipy
npoyeci Kipic Jcoli0amoblebl MeH aunanry Momenmi, Oepinic dicyileciniy Konemi
JHcone  apoOip  oicypeizy  pedicumi  ywin Oepinic Kodppuyuenmmepi  cusKmol
wexkmeynepoi eckepe omuipoin, KISSsoft komezimen ocypeizindi. byn zepmmeydin
AHCana acnexkmici - ayvicnanvl MuiMOiNiK Koagguyuenmi dap bepinic muimoinicin
mandayovl OHMAIAHOBIPY HCYMBIC npoyecine Oipikmipy, 01 KON HCbli0AMObIKb
OK bepinicmepiniy oymailivl OU3AUHBIHA AUMAPALIKIMAL dCep ememini 021e10eHOL.

Oxmainanovipy 6apvlcblHOa MICMIK ULLY KepHEY, HCAHACY KepHeyl, KOHMAaKm
KAMbIHACYL JHCIHE epeKule Colpey cusikmol Hezizel paxmopaap mandanovl. ConvimeH
Kamap, Moo0yav0epoiy 8apuayuslapblHbly Oepinic NpoQUIIHIK 2eoMempuscCbita,
Kabammacy ko3¢ gpuyuenmine, micmep caHblHA HCIHe OEPINic HCYObIHbIH MACCACHIHA
acepi sepmmenodi. KISSsoft xomezimen oOapnvlk ceomempusanviy napamempiep
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YWlin aHLIKMAIEAH OHMAUIAHOLIPLIIZAH —Oepinic  Jcynmapvl yulid Oepikmik
ecenmeynepi ISO 6336 cmanoapmuinoa KepcemineeH MAmMeMAmuKanivly yiziee
CalKec OpbIHOANObL JHCIHE HIMUdCenep Keli Canblemulpbliovl. Kopvimbinovliap
npoduibdi MoOupuKrayusiayovly dicane Oepinicmiy HaKmol OU3AUHbIHLIY Oepilic
OHIMOINIZIH OMATLIAHOBIPY A6l MAKBIZObL POIIH AMAan Kepcemeoi, Calibln KejleeHoe,
MUIMOLNIKMI, CEHIMOLNIKMI JHCIHE KbI3MEm emy MeP3IMIH JHCaKcapmyaa biIKnaji emeol.

Kinmmi ce3dep: Oepinic Ou3aiiHblH  OHMAUNAHOBIDY, JJEKmp  KOdiciHIH
mpancmuccusicol, KISSsoft, 6epinic npogunin ezeepmy, 1SO 6336.

*C. A. Kaamazanoemoe', O. K. Kankenoi?,

P. b. Mykanoé’, I. A. Cmaitnosa’, K. H. Avinkaiivip’
12345Satbayev University, Pecriyonuka Kasaxcran, r. Anmmarsi.
[Moctynuno B penakuuto 17.03.25.

[Hoctynuno ¢ ucnpasiaenusimu 17.03.25.

[Ipunsro B nevats 05.06.25.

IIPOEKTHPOBAHHUE U OIITUMHU3ALIUA
TI'EOMETPHYECKHUX TAPAMETPOB 3YBYAThIX KOJIEC
I TPAHCMHUCCHH 3JIEKTPOMOBHIIA

B oaunom uccnedosanuu ocrnognoe eHumanue yoeaisiemcs NpoeKmupo8aHuio
U ONMUMUBAYUU — 2eOMEeMPUYECKUX — NaApamempog — 3y0uamuvix  nepeoay 6
mpancmuccusx snexmpomodunei (OM) ¢ yenvro nosviuienust npouU3800UMeIbHOCU,
appexmusnocmu u cuudxcenuss wiyma. Ilpoyecc onmumuzayuu NpoGOOUNCs ¢
ucnonvzosanuem KISSsoft ¢ yuemom maxux oepanuuenuil, Kax 6X00HAsI CKOPOCHb
U Kpymawuil MOMeHm, 00bemM MpaHCMUCCUOHHOU CUCTNEMbL U Nepedamoynble Yucia
0Nl Kaxuc0oeo pedicuma osudicenusi. Hoevim acnekmom 0anHo20 ucciedosanus
AGNACMCST UHMe2payUs aHaiu3a 3PHexmusHocmy mpaucmMuccuu ¢ nepemeHHbIM
Koappuyuenmom s¢ghgpexmusnocmu 6 pabouull npoyecc ONMUMU3AYUL, YMo, KAK
OBLIO NPOOEMOHCIMPUPOBAHO, OKAZLIBAET CYUECBEHHOE GNUAHUE HA ONTNUMATLHYIO
KOHCMPYKYUIO MHOZOCKOPOCMHBIX MPAHCMUCCULL DTIEKIMPOMOOULEl.

B xo0e ommumuszayuu ananuzsuposaiuce maxue KioYegvle axmopol,
Kax Hanpsoicenue us2uba 3y0be8, KOHMAKMHOE HAnpsdicenue, KOHMAKMHOe
omuowenue u yoenvhoe cxkoavoicenue. Kpome moeo, 6viio ucciedosano euusmue
UBMEHeHULl MOOYJIsi HA 2eoMempuro npo@uis 3y0uamoeo Koaeca, Kod@p@uyuenm
nepexpwvimiisl, KOIUUecmao 3y0ved u maccy 3youamoi napwl. Pacuemuvr npounocmu
ONMUMUSUPOBAHHBIX 3VOUAMBIX NAP, ONpeoeleHHble 0Nl 6CeX 2eOMEMPUUeCKUX
napamempos ¢ ucnoavsosanuem KISSsoft, ewvinoansnuce 6 coomeemcmeuu c
Mamemamuieckol mooenvio, uznodcennou ¢ ISO 6336, a samem pesyrvmamot
cpagnusanuce. Pezynbmamuvl  noduepkueaiom  ajdcHyro  poab  Mooupuxayuu
npohuUIa U MOUHO20 NPOESKMUPOBAHUS 3YOUAMBIX Nepeday 6 ONMUMUZAYUY PADOYUX
Xapaxmepucmux nepeoad, 4mo 6 KOHEeUHOM umoze CnocoOCmseyem noGbIUEHUIO
ahpexmusHoCcmu, HAOEHCHOCTU U CPOKA CLYHCOBL.

Kniouesvie  cnosa: onmumuzayusi KOHCMpyKyuu  3y0uameix — nepeoat,
mpancmuccus  daekmpomoouns, KISSsoft, moouguxayus npoguns 3y6uamuix
nepedau, 1SO 6336.
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