New Technology for Driving Vehicles on Rural Roads with Uneven
Surfaces or Potholes (4-5 inches) at Speeds of 25-75 km/h

Despite challenges like energy crises, population growth, and environmental degradation, the use
of vehicles continues to rise. This highlights the need to enhance efforts toward building more
efficient, eco-friendly, safe, and user-friendly vehicles. Advancing existing models and
integrating onboard computers are significant steps in this direction. Utilizing computer-based
control systems, it is essential to develop models capable of operating swiftly and reliably under
challenging conditions. Bond graph-based techniques help make these models more adaptable
and better integrated with control systems.

Current Research Efforts

This research focuses on studying the response of vehicles when traversing ramps or
uneven/rough surfaces. Using bond graph-based methods, full vehicle models have been
developed:

1. First Model: This employs a basic suspension system installed between the wheels and
the vehicle frame. The results obtained through this model have been validated by
comparing them with other established results, ensuring the accuracy of the model and
software.

2. Second Model: An advanced version of the first, this model incorporates hinged arm
suspension systems with additional springs and dashpots. Some of these elements can
also be replaced with active control components. Its successful compilation in the
"Symbolic Power" package demonstrates the model's logical accuracy. However,
extensive validation is required before adapting it for online control and other practical
uses.

The Challenge of Rural Roads

Driving high-speed vehicles on rural roads presents more challenges compared to national
highways and expressways. Variations in road conditions, such as potholes as deep as 4-5 inches,
significantly affect vehicle design, cost, durability, and comfort. This underscores the need for
vehicles specifically designed for India’s rural and district roads.

Necessity and Solutions

Considering India’s vast road network, which exceeds 6.2 million kilometers, research and
development of vehicles suitable for rural areas are crucial. The aim of this research is to develop
vehicles that can ensure safe and comfortable usage on uneven rural roads.

Design Criteria
For rural roads, where potholes and bumps cause sprung mass displacement of up to 100-120
mm (0.10-0.12 meters), the following design parameters are essential:
e Tire Damping Coefficient should be >4 kN-s/m to maintain above sprung mass
displacement.
e Vehicles must maintain stability c& comfort at speeds of 25-75 km/h.
e Increasing the damping coefficient reduces sprung mass displacement.
o If the suspension damping coefficient is <8 kN-s/m, sprung mass displacement remains
under 100-120 mm, allowing vehicles to operate smoothly at speeds over 50 km/h but
below 75 km/h.



Conclusion

This innovative research is a significant step toward developing affordable and eco-friendly
vehicles for rural roads. In India, where rural transportation plays a vital role, this research holds
even greater importance. It lays the foundation for vehicles that are both efficient and well-suited
to the unique challenges of rural infrastructure.

(Hindi Version):
IHIT 3T IT F93-WES Ael (4-5 ) aTell THI G 25-75
fradler g ger #ir aIfad & argal & Tae H 785 dHedIE

FAT ¥Fe, FaaEaT g 3R @i aRor st gelfaat & aaeg, aar & 39
# X g St 1% B 9% 59 o1d N aIFar ydid @t § F 30F Fw,
TR F A, GUAT 3R 3T A S Al F @A F oA F g
sel s@ fqam # AlGEr Adl # Iead qqET AR AEES FYEd T FAQRY TH
Agcaqul FeA ¢ fAuaer gonfoat & Fogqer 1 39T Fd g W@ Asdl &1 @
HAT JATF §, ot getdiqer aRFFufat & st a9 3R sRAeg aF & 37 &
¥H| de8 TE MUNG dhdldl H YA g4 Asal & 3F qqeeg iR
faz=or gonfedt & |1y IgAR THIFT T H FERF {8

qAATT M FA

$H MY FT 30T qEAT & T AT JAATA/ F95-WES g & oA & GRT 3T
UfafFaT FT eTTT FT Bl 58S AT dies I% 3raRa Rt 1 399 &
T HR Alsdl H1 e BFar = g

o UgAT HiSel: 4§ UF HIURUT FEIAST YOIl T 3YANRT FIaT g, =it gigar 3
aed ¥ o & fig vyl & ¥ Alsa & Aregw @y aRomAt @ goren
=g yrg qRom#AEt T 1E §1 IROmAT FT AT AT gt § F A 3R
AFEAIT ekl ToTdt ST & FIA FT IE &

o GERT AISel: TE UgA AISA &I UF Ioold TR ¢, forad ez 3mt awhes
yorrelt & @y sfafe e 3R Sedie anfaer fre arv §1 590 @ g5 AN
afFT AYFor deal ¥ it ggar a1 FHar g1 'R o $FT W @ I
HHaeT I8 gutar & BF Afsa affs &7 & 98 &1 g1, 5@ iaasa aa=or
3R e ITERT & T AT F Igd TS 19 T ATTIHAT gl



arior g Fr FaAtdh
TrAIoT WEH W 3T AT Tk qTEAT B TAT VT ASAATIT I vFEIHT HY oA
# e gwlfaar gega war €1 s wsa & Ry Rufa, ¥ 4-5 39 @ 715,
gl A B, dnrd, TfcT 3R IRW TR W Agcaqel gHE SEd &1 TE
HET RT A areAior 3R foer a5@ & fov Ry w1 @ Beea fFo v agar i
NTERIFAT F (Wifhd FIAT T

TaRIFHAT AR FATUTA

HRT & e Ws& Acas, St o2 ar@ FA F 3w o@r g B euw #A @S go,
arAior & & T efRe areal @1 M 7 e scafd Agcaqur & Sar §1 39
AT F1 33T 3 ateell F RAFRAT @ ¢ AN aeAior seare wEEt & g g2 of
g 3R IR 3TAer Far S S|

fasiTse AFEE
ITAT F@EHI UR, SET Agel AR IoTT F FROT 100-120 TAAY (0.10-0.12 #HeX) aF &
T A fAEuas g §, TR S qune >4 RRelegea-a%s/ Aex g aiRul
argat #r 25-75 fFaier 9fa ger fr afd W RBRar 9w [@a # a1 T 9l
o SfPuer IUnE Tem W wET A AT F4 8 S g
o g STPUer qunE <g FRelegee-as/ Hiet g W Fer A e 100-
120 A & +7 gar § Fwd area 50 Rl ger ¥ 3f0F AfraT 75 RV "er
¥ 7 17 W gOE & § 9 G &

INFAGER, 9§ AdieT My AT G5 F v Fewd v wiwe F g
agal & e # e Agcaql FeA ¢ ARG #, s AT &E F v 9Raga
e« W AT €9 fRar T §, 57 e &1 Hgeq IR Y wf®F g



