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Abstract

One of the applications of Unmanned Ground Vehicles (UGV) consists in conducting  tasks connected to 

removing and disposing of Improvised Explosive Devices (IED). The tasks are often performed in hard to reach 

places, on off-road terrain, with weights and dimensions of  explosives which require the use of work attachments of 

considerable lifting capacities. Due to this, it is necessary to equip the robot with suspension designed for performing 

such tasks. Because of variable character of the charges which are subjected to the chassis of robots, it is necessary to 

build a suspension with variable characteristics and examine efficiency of its action.  One of the research methods 

that can be used for that purpose are the simulations based on the method of Multibody Systems. The paper presents 

a hydro-pneumatic suspension system of an EOD robot, which has been developed at the Military University of 

Technology, describes its model, simulation findings and the initial verification thereof based on a real object. Apart 

from that, special consideration is given to the quality and effectiveness of UGV suspension systems. The development 

of a basic platform enables the use of the platform for various purposes as a carrier of a multi-sensor system for 

detecting dangerous materials or for carrying other attachments. 
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1. Introduction 

/NE฀OF฀THE฀APPLICATIONS฀OF฀ROBOTS฀ARE฀TASKS฀CONNECTED฀TO฀REMOVING฀AND฀DISPOSING฀OF฀UNEXPLODED฀
ORDNANCE฀�58/	฀AND฀IMPROVISED฀EXPLOSIVE฀DEVICES฀�)%$S	฀;��฀�=�฀)T฀IS฀OFTEN฀THE฀CASE฀THAT฀)%$S฀AND฀
AN฀58/S฀ARE฀SITUATED฀OFF
ROAD฀�RUBBLE฀HEAP�฀ROADLESS฀TRACT�฀ETC�	฀AND฀THEIR฀REMOVAL฀OR฀NEUTRALIZATION฀
REQUIRES฀WORK฀ATTACHMENTS฀OF฀CONSIDERABLE฀LIFTING฀CAPACITY฀�APPROX�฀ ���฀KG	฀SO ฀AS฀TO฀PICK฀UP฀THE ฀
ORDNANCE฀OR฀MAKE฀WAY฀FOR฀A฀POTENTIALLY฀DANGEROUS฀OBJECT�฀

4HE฀CIVILIAN�฀RELATIVELY฀CHEAP�฀ROBOTIC฀M INI฀ EXCAVATORS฀AND฀M INI฀ LOADERS�฀WHICH฀ARE฀CURRENTLY฀
USED฀FOR฀REMOVING฀AND฀DISPOSING฀OF฀DANGEROUS฀ORDNA NCE฀ARE฀NOT฀CAPABLE฀OF฀PERFOR MING฀SUCH฀TASKS�฀
WHICH฀IS฀CAUSED฀BY฀THEIR฀REDUCED฀ABILITY฀TO฀NEGOTIATE฀GROUND฀OBSTACLES�฀

4HE฀ SPECIFICITY฀OF฀)%$�%/$฀M ISSIONS฀ CARRIED฀ OUT฀ BY฀%/$฀ROBOTS฀AS฀WELL฀AS฀THE฀ANALYSES ฀
CONDUCTED฀ AT฀THE฀#HAIR฀OF฀-ECHANICAL฀%NGINEERING฀OF฀THE฀-ILITARY฀5 NIVERSITY฀ OF฀ 4ECHNOLOGY฀
�-54	฀ HAVE฀ALLOWED฀TO฀SINGLE฀OUT฀THREE�฀DIFFERENT฀FROM ฀ ONE฀ANOTHER�฀REQUIREM ENTS฀ FOR฀THE฀
SUSPENSION฀OF฀A฀ROBOT฀USED฀IN฀SUCH฀MISSIONS�฀

฀CAPABILITY฀OF฀HIGH฀SPEEDS฀�DESIRED฀��M�S	฀ON฀SURFACES฀WITH฀MINOR฀IRREGULARITIES฀��฀TO฀�฀CM	�฀
MAKING฀IT฀POSSIBLE฀TO฀QUICKLY฀REACH฀�DISTANCE฀OF฀UP฀TO฀����฀M	฀AND฀SURVEY฀AN฀AREA฀WHICH฀IS฀INITIALLY฀
DEEMED฀DANGEROUS�฀

฀ABILITY฀TO฀MOVE฀ON฀CONSIDERABLE฀GROUND฀IRREGULARITIES฀���฀
฀��฀C M	฀AND฀SLOPES฀����	฀AT฀VELOCITIES฀

OF฀�฀n฀�฀M�S฀n฀ABILITY฀TO฀REACH�฀AS฀QUICKLY฀AS฀POSSIBLE�฀ORDNANCE฀LOCATED฀ON฀HARD฀TO฀REACH฀TERRAIN�฀

฀ ENSURING฀TRANSVERSE฀AND฀LONGITUDINAL฀STABILITY฀RESERVES฀OF฀THE฀ROBOT�฀IN฀THE฀CASE฀OF฀SIGNIFICANT ฀

IRREGULARITY฀ OF฀LOADS฀EXERTED฀ON฀ITS ฀ PARTICULAR฀ AXLES฀AND฀WITH฀SPEEDS฀BELOW฀�M �S฀ n฀WORK฀WITH฀
ATTACHMENTS�฀

)T฀WAS฀NECESSARY฀TO฀SO LVE฀THE฀PROBLEM฀OF฀DESIGNING฀A฀ROBOT฀AND฀A฀SUSPENSION฀SYSTEM ฀ENABLING฀
THE฀ FORMER฀ TO฀M EET฀ ALL฀THE฀REQU IREMENTS฀ SIMULTANEOUSLY�฀4HE฀-54฀#HAIR฀OF฀-ECHANICAL฀
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%NGINEERING฀ HAS฀WORKED฀OUT฀A฀HIGH฀M OBILITY�฀ %/$฀ROBOT฀OF฀ITS฀OWN฀DESIGN฀FOR฀PERFORM ING฀
)%$�%/$฀MISSIONS฀�&IG�฀�	�฀฀
฀

฀

Fig. 1. EOD robot: a) general view, b) ability to negotiate ground obstacles
฀

)T฀ IS฀A฀TRIAXIAL�฀WHEELED฀ROBOT฀WITH฀THE฀OPERATING฀WEIGHT฀OF฀^����KG�฀EQUIPPED฀WITH฀TWO฀
ATTACHMENTS�฀I�E�฀MANIPULATOR
TYPE฀n฀LIFTING฀CAPAC ITY฀OF฀���฀KG฀AND฀LOADER
TYPE฀n฀LOAD฀CAPACITY฀OF฀
����฀ KG�฀!PART฀FROM ฀ THE฀ABOVE
M ENTIONED฀ REQUIREMENTS�฀ THE฀SUSPENSION�฀THE฀W HEELS฀ AND฀THE฀
STEERING฀SYSTEM฀HAVE฀TO฀ENSURE฀THE฀ROBOT�S฀ABILITY฀TO฀NEGOTIATE฀ROADSIDE฀AND฀DRAINAGE฀DITCHES�฀��฀CM฀
HIGH฀DYKES฀AND฀WALLS�฀SLOPES฀WITH฀��฀�฀LONGITUDINAL฀AND฀���฀TRANSVERSE฀INCLINATION฀AS฀WELL฀AS฀LOW฀
CAPACITY฀TERRAIN฀�MINIMUM฀#)����฀K0A	�฀
฀
2. Suspension system of EOD robot 

฀
4HE฀ ABOVE
DEFINED฀REQ UIREMENTS฀ HAVE฀LED฀TO฀THE฀DESIG N฀ OF฀A฀M ULTI
LINK�฀ HYDRO
PNEUMATIC฀

SUSPENSION฀SYSTEM�฀THE฀DIAGRAM฀OF฀WHICH฀IS฀SHOWN฀IN฀&IGURE฀��฀
฀

฀

Fig. 2. Schematic diagram of EOD robot's multifunction suspension system 

(patent application No. P.392820) 

4HE฀SUSPENSION฀IS฀CHARACTERIZED฀BY฀A฀MUCH฀GREATER฀ABILITY฀TO฀TRANSM IT฀DYNAMIC฀LOADS฀AND฀BETTER฀
FUNCTIONALITY฀ THAN฀CLASS ICAL฀ MECHANICAL฀ SUSPENSIONS฀ ;��฀��=�฀)TS฀WORK฀PARAM ETERS฀ CAN฀BE฀EASILY฀
MODIFIED฀THROUGH฀RESETTING฀SWITCHES฀OR฀VALVES�฀WITHOUT฀THE฀NECESSITY฀TO฀ALTER฀THE฀SYSTEM฀ITSELF�฀

4HE฀ DESIGNED฀SYSTEM ฀ �&IG�฀�	฀M AKES฀ IT฀POSSI BLE฀ TO฀OBTAIN฀THE฀DESIRED฀ALTERNATIVE฀SUPPORT฀
STRUCTURES฀OF฀THE฀ROBOT฀�&IG�฀�	�฀WHICH฀WERE฀SINGLED฀OUT฀IN฀THE฀COURSE฀OF฀THE฀ANALYSIS฀;��฀��฀��฀��=�฀I N฀
ORDER฀ TO฀ADJUST฀THE฀SUSP ENSION฀ CHARACTERISTICS฀ TO฀ THE฀ SPECIFICITY฀OF฀PERFOR MED฀ TASKS�฀4O฀ENSURE฀

���



Multifunction Suspension of EOD Robot 

STRONG฀DRAWBAR฀ PULL฀�REGULAR฀DISTRIB UTION฀OF฀PRESSURE฀ON฀THE฀SURFACE	฀FOR฀OFF
ROAD฀DRIVING�฀IT฀WAS฀
RECOMMENDED฀ THAT฀�HYD RAULIC	฀ ROCKER฀ JOINTS฀ BE฀APPLIED�฀BETWEEN฀THE฀LEFT฀AND฀RIGHT฀WHEEL฀OF฀THE ฀
FRONT฀AXLE฀�&IG�฀�A�B	�฀OR฀BETWEEN฀THE฀LEFT฀AND฀RIGHT฀SIDE฀OF฀THE฀M IDDLE฀AND฀REAR฀AXLE S฀�&IG��B	�฀4O฀
ENSURE฀ FLEXIBILITY฀IN฀THE฀CASE฀OF฀CONSIDERABLE฀DYNAM IC฀ LOADS฀�DRIVING฀AT฀HIGH฀SPEEDS	�฀HYDRAULIC฀
ACCUMULATORS฀ HAVE฀BEEN฀APPLIED�฀)N฀CONTRAS T฀ TO฀STRUCTURES฀FOR฀OFF
ROAD฀DRIV ING�฀ ALTERNATIVE฀
SUSPENSION฀STRUCTURES�฀WHICH฀ENABLE฀WORK฀WITH฀THE฀USE฀OF฀ATTACHM ENTS�฀BLOCK฀THE฀MOVEMENT฀OF฀THE฀
FRONT฀AXLE฀�I�E�฀THE฀MOST฀LOADED฀ONE	฀WHEELS�฀฀
฀

฀

Fig. 3. Designed suspension structures of EOD robot : a,b) off-road driving , c,d) work with attachments 

!DDITIONALLY�฀ THE฀DESIGNED฀SYSTEM ฀ �&IG�฀�	฀EN ABLES฀ THE฀ACH IEVEMENT฀ OF฀FLEXIBLE�฀INDEPENDENT฀
SUSPENSION฀ FOR฀EACH฀WHEEL�฀WHICH฀IS฀DESIRED฀FOR฀DRIV ING฀ AT฀HIGH฀SPEED S฀ ON฀TERRAIN ฀ WITH฀M INOR฀
IRREGULARITIES�฀

4HE฀ SUSPENSION฀KINEM ATIC฀ SYSTEM฀ �&IG�฀�	฀WAS฀DESIGNED฀FOR฀THE฀PURPOSE฀OF฀OBTAINING฀THE฀
REQUIRED฀���฀MM฀VERTICAL฀MOVEMENT฀OF฀EACH฀ONE฀OF฀THE฀WHEELS�฀AS฀WELL฀AS฀TO฀ENSURE฀THAT฀THE฀ROBOT�S฀
STATIC฀BALANCE฀CLEARANCE฀WAS฀���฀MM�฀฀
฀
A	฀ B	฀
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Fig. 4. Suspension design of EOD robot: a) front wheel suspension system in static balance position; b) exclusive 

load on one axle 

4HE฀ SIZES฀OF฀SUSPENSION฀ACTUATORS฀�PISTON฀DIAM ETER฀ ��฀MM�฀ROD฀DIAM ETER฀ n฀��฀MM 	฀ WERE฀
DEFINED฀ FOR฀THE฀ROBOT฀SUPPORTING฀ON฀ONE฀AXLE฀EXCLUSIVELY฀�&IG��B	฀AND฀FOR฀THE฀LOADER฀EQUIPM ENT฀
WITH฀A฀����฀KG฀LOAD฀�TIPPING฀LOAD	�฀

3. Simulation testing of hydro-pneumatic suspension 

4O฀SELECT฀HYDRAULIC฀ACCUMULATORS�฀SIMULATION฀TESTS฀OF฀PARTICULAR฀SUSPENSION฀ARMS฀;�=�฀BASED฀ON฀
THE฀DYNAMIC฀MODEL฀�&IG�฀�	�฀WERE฀PERFORMED�฀

���
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฀
Fig. 5. Flowchart of robot suspension model 

฀

4HE฀MODEL฀CONSISTS฀OF฀INTERLINKED฀MODULES�฀MECHANICAL฀AND฀HYDRAULIC�฀4HE฀MECHANICAL฀MODULE฀
INCLUDES฀KINEMATIC฀LINKS฀�ROTATIONAL฀AND฀LINEAR	฀WHIC H฀CONNECT฀ITS฀PARTICULAR฀ELEM ENTS฀WHEREAS฀THE฀
HYDRAULIC฀MODULE฀INCLUDES฀THE฀HYDRAULIC฀INSTALLATION฀OF฀THE฀SUSPENSION�฀4HE฀M ECHANICAL฀MODEL฀OF฀
THE฀ SUSPENSION฀ARM฀�&IG�฀�A	฀WAS฀CREATED฀BY฀M EANS฀ OF฀MULTIBODY฀SYSTEM S฀ �-$฀!$!-3฀6IE W฀
SUITE	�฀&OR฀THE฀PURPOSE฀OF฀SI MPLIFICATION�฀THE฀MODELLING฀WAS฀PERFORMED฀ACCORDING฀TO฀THE฀FOLLOWING ฀
ASSUMPTIONS�฀

฀THE฀DISTRIBUTION฀OF฀THE฀ROBOT�S฀WEIGHT฀ON฀PARTICULAR฀WHEELS฀IS฀REGULAR�฀

฀THE฀SURFACE฀IS฀UNDEFORMABLE�฀

฀THERE฀IS฀EXCITATION฀UNDER฀THE฀WHEEL฀IN฀THE฀FORM฀OF฀THE฀&Z฀VERTICAL฀FORCE฀�&IG�฀�A	฀GENERATED฀BY฀
฀THE฀ROBOT�S฀WEIGHT�฀

฀THE฀FIXING฀POINT฀OF฀THE฀!฀SUSPENSION฀ARM฀CONSTITUTES฀ITS฀PIVOTING฀POINT�฀

฀ THE฀RADIAL฀STIFFNESS฀OF฀THE฀TY RE฀ �STATIC฀DEFLECTION฀����M 	฀ AND฀TH E฀ DIMENSIONLESS฀ DAMPING฀FACTOR฀

����฀WERE฀BOTH฀TAKEN฀INTO฀ACCOUNT�฀

฀THE฀UNSPRUNG฀WEIGHT฀IS฀�฀�����฀KG�฀ INCLUDING฀THE฀COMBINED฀WEIGHT฀OF฀THE฀WHEEL฀AND฀THE฀HYDRAULIC฀

ENGINE฀mk���฀KG�฀WEIGHT฀OF฀THE฀SUSPENSION฀ARM฀mw���KG�฀THAT฀OF฀THE฀ACTUATOR฀CYLINDER฀mc���KG�฀
AND฀THE฀WEIGHT฀OF฀THE฀ROD฀mt����฀KG�฀

6ARIATIONS฀ IN฀THE฀LENGTH฀,฀AND฀VELOCITY฀OF฀THE฀ACTUATOR฀
dt

dL
UNDER฀ THE฀EFFECT฀OF฀THE฀ Fz฀ FORCE฀

CONSTITUTED฀ OUTPUT฀PARAM ETERS฀ OF฀THE฀M ECHANICAL฀ MODULE฀ LINKED฀TO฀THE฀HYDRAULIC฀SYSTEM ฀ MODULE฀
�MODELLED฀IN฀THE฀%ASY�฀PROGRAM	฀�&IG��B	�฀IN฀WHICH฀THEY฀CONSTITUTED฀INPUT฀PARAMETERS�฀

฀

A	฀ B	฀

฀
Fig. 6. Suspension model of robot’s suspension arm: a) mechanical module diagram, b) hydraulic module diagram 

฀

!DDITIONALLY�฀FOR฀THE฀HYDRAULIC฀SYSTEM฀MODEL�฀THE฀FOLLOWING฀ASSUMPTIONS฀WERE฀MADE�฀

฀NO฀HEAT฀TRANSFER฀BETWEEN฀THE฀SYSTEM ฀AND฀THE฀ENVIRONMENT฀AND฀THE฀WORK฀OF฀THE฀ACCUMULATOR฀IN฀THE฀
ADIABATIC฀PROCESS�฀
฀

const=Vp=Vp=Vp g2g2gsgsg1g1 �฀ ฀ ฀฀��	฀
฀

WHERE�฀pg1, Vg1฀n฀PRESSURE฀AND฀VOLUM E�฀RESPECTIVELY�฀OF฀THE฀GAS฀IN฀THE฀ACCUM ULATOR�฀WITH฀THE฀DOWN฀
POSITION฀OF฀THE฀WHEEL�฀pgs�฀Vgs฀n฀PRESSURE฀AND฀VOLUME�฀RESPECTIVELY�฀OF฀THE฀GAS฀IN฀THE฀ACCUMULATOR�฀IN฀

���
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THE฀ STATIC฀BALANCE฀POSITION�฀ pg2�฀ Vg2฀ n฀PRESSURE฀AND฀VOLUM E�฀ RESPECTIVELY�฀OF฀THE฀GAS฀IN฀THE ฀
ACCUMULATOR�฀WITH฀THE฀UP฀POSITION฀OF฀THE฀WHEEL�฀ ฀
฀ADIABATIC฀EXPONENT฀� ����	�฀
THE฀ELASTICITY฀OF฀HYDRAULIC฀HOSES฀AND฀THE฀DYNAMICS฀OF฀SWITCHING฀VALVES฀WERE฀NOT฀TAKEN฀INTO฀ACCOUNT�฀

4HE฀SIMULATIONS฀WITH฀THE฀USE฀OF฀THE฀MULTI
BODY฀SYSTEM฀METHOD฀HAD฀BEEN฀PRECEDED฀BY฀THE฀INITIAL฀
SIMULATION฀RESEARCH฀;�=�฀WITH฀THE฀AIM ฀OF฀DETERMINING฀DYNAMIC฀LOADS฀EXERTED฀ON฀PARTICULAR฀AXLES฀OF฀
THE฀ ROBOT฀NEGOTIATING฀����฀AND฀���฀M฀HIGH฀RAMP
SHAPED฀OBSTACLES฀AT฀THE฀VELOCITY฀OF฀��฀M �S�฀4HE฀
LOADS฀ WERE฀EXPRESSED฀IN฀THE฀FORM฀OF฀THE฀DYNAM IC฀ SURPLUS฀COEFFICIENT฀ kd�฀ WHICH฀DETERM INES฀
VARIATIONS฀IN฀THE฀FZ฀FORCE�฀I�E�฀THE฀ONE฀GENERATED฀BY฀THE฀WEIGHT฀OF฀THE฀ROBOT฀AND฀EXERTED฀ON฀A฀SINGLE ฀
WHEEL�฀ACCORDING฀TO฀THE฀FOLLOWING฀CORRELATION�฀

Z

Zi
d

F

F
k �฀ ฀ ฀ ฀ ฀ ฀ ��	฀

฀

WHERE�฀Fzi฀n฀VALUE฀OF฀THE฀VERTICAL฀REACTION฀ON฀THE฀WHEEL฀WHILE฀NEGOTIATING฀UNEVENNESS�฀ Fz฀n฀STATIC฀
VALUE฀OF฀THE฀VERTICAL฀REACTION฀ON฀THE฀WHEEL�฀

4HE฀HIGHEST฀VALUE฀OF฀THE฀ kd฀COEFFICIENT฀WAS฀RECORDED฀FOR฀THE฀FRONT฀AXLE฀AND฀IT฀WAS฀����฀)N฀THE฀
CASE฀OF฀THE฀MIDDLE฀AND฀REAR฀AXLES� ฀THE฀VALUE฀OF฀THE฀DYNAM IC฀SURPLUS฀COEFFICIENT฀WAS฀����฀)T฀M ADE฀IT฀
POSSIBLE฀ TO฀DEFINE฀THE฀TIM ING฀ OF฀THE ฀ VARIATION฀IN฀THE฀ Fz฀ FORCE�฀WHOSE฀STATIC฀VALUE฀OF฀����.฀WA S฀
INCREASED฀EVERY฀���฀S฀BY฀THE฀COEFFICIENT฀OF฀���฀�FR ONT฀AXLE	฀AND฀BY฀THAT฀OF฀���฀�MIDDLE฀AND฀REAR฀AXLE	฀
TO฀ THE฀VALUES฀OF฀����.฀AND฀����.�฀RESPECTIVELY�฀AND฀WHICH฀WAS฀THEN฀REDUCED฀TO฀�.฀�NO฀CONTACT฀
BETWEEN฀ THE฀WHEEL฀AND฀THE฀SURFACE	฀SO฀AS฀TO฀DETERM INE฀ THE฀OPERATIN G฀ RANGE฀OF฀THE฀HYDRAULIC ฀
ACCUMULATOR฀ AND฀THE฀TRAVEL฀OF฀THE฀SUSPENSION ฀ ACTUATOR�฀ )N฀THE฀COURS E฀ OF฀THE฀SIMULATION฀TH E฀
ACCUMULATOR฀NOMINAL฀VOLUME฀V0 WAS฀MODIFIED�฀IN฀ACCORDANCE฀WITH฀THE฀(9$!#฀�����฀����฀����฀���฀
DM�	฀DIAPHRAGRAM฀ACCUMULATOR฀TYPE฀OF฀SERIES�฀SETTING฀PRESS URE฀OF฀THE฀IN ITIAL฀FILLING฀WITH฀GAS฀AT฀THE฀
LEVEL฀ENSURING฀THAT฀THE฀VOLUMES฀OF฀GAS฀AND฀OIL฀IN฀THE฀ACCUMULATOR฀WERE฀EQUAL฀TO฀EACH฀OTHER�฀฀

)N฀ ORDER฀TO ฀ ENABLE฀THE฀S USPENSION฀ TO฀FULLY฀UTILIZE฀ ITS฀ TRAVEL�฀THE฀S ELECTION฀ OF฀THE฀ACCUM ULATOR฀
NOMINAL฀VOLUME฀V0฀WAS฀MADE�฀BY฀MEANS฀OF฀SIMULATION�฀ON฀THE฀BASIS฀OF ฀THE฀PREVIOUSLY฀DETERMINED฀
kd฀COEFFICIENT�฀WITH฀THE฀USE฀OF฀THE฀PRESSURE
BASED฀APPROACH�฀

฀

gs

g

d
p

p
k

�

�฀ ฀ ฀ ฀ ฀ ฀ ��	฀
฀

)N฀THE฀CASE฀OF฀A฀PROPERLY฀SELECTED฀ACCUMULATOR�฀THE฀VALUE฀SHOULD฀BE฀CLOSE฀TO฀���฀�FRONT฀AXLE	฀AND฀
���฀�MIDDLE฀AND฀REAR฀AXLES	�฀4HE฀SIMULATION฀FINDINGS฀ARE฀SHOWN฀IN฀4AB�฀�฀AND฀��฀

Tab. 1. Front suspension simulation findings 

V0฀;DM�=฀฀
���฀ ���฀ ���฀ ���฀

pgs฀;BAR=฀ ��฀ ��฀��฀ ��฀
pg2฀;BAR=฀ ����฀ ����฀ ��฀ ��฀

kd ����฀ ����฀ ����฀ ����฀

Tab. 2. Middle and rear axle suspension simulation findings 

V0฀;DM�=฀฀

���฀ ���฀ ���฀

pgs฀;BAR=฀ ��฀ ��฀ ��฀

pg2฀;BAR=฀ ����฀ ����฀ ����฀

kd ����฀ ����฀ ����฀

฀
/N฀ THE฀BASIS฀OF฀THE฀PER FORMED฀ SIMULATION฀ TESTS�฀THE฀FRONT฀SUSPENSION฀ACTUATO RS฀WERE฀MATCHED฀

WITH฀THE฀ACCUMULATOR฀VOLUME฀OF฀V0�����฀CM��฀WITH฀p0���฀BAR�฀WHEREAS฀THE฀M IDDLE฀AND฀REAR฀AXLES฀
WITH฀AN฀ACCUMULATOR฀OF฀V0�����DM�฀AND฀p0���฀BAR�฀

���
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4. Exploratory research on robot suspension 

4HE฀ SIMULATION฀ TESTS฀EN ABLED฀ THE฀CONSTRUCTION฀OF฀A฀REAL฀MULTI LINK฀ SUSPENSION฀ SYSTEM฀FOR฀THE฀
HYDROPNEUMATIC฀SUSPENSION฀OF฀THE฀%/$฀ROBOT�฀ENSURING฀THE฀ACHIEVEM ENT฀OF฀ALL฀THE฀EXPECTED฀AND฀
REQUIRED฀STRUCTURES฀�&IG�฀�	�฀4HE฀USE฀OF฀ALTERNATIVE฀SUSPENSION฀STRUCTURES฀�ON฀ONE฀RESEARCH฀OBJECT	฀
MAKES฀ IT฀POSSIBLE฀TO฀VERIFY฀THEIR฀USEFULNESS฀FOR฀PARTICULAR฀REQUIREM ENTS฀ AND฀TO฀EXAM INE฀ THE฀
SUSPENSION฀ EFFECT฀ON฀TH E฀ ROBOTgS฀ WORKING฀CAPABILITY�฀&OR฀THE฀PURPOSE฀OF฀INITIAL฀EVALUATION฀OF฀THE ฀
SIMPLIFYING฀ASSUMPTIONS฀MADE฀DURING฀THE฀M ODELLING฀PROCESS฀AND฀THAT฀OF฀THE฀SIM ULATION฀ FINDINGS�฀
EXPLORATORY฀RESEARCH฀INTO฀THE฀SUSPENSION฀�&IG�฀��฀�	฀WAS฀CONDUCTED฀ON฀THE฀DEMONSTRATOR฀OF฀THE฀%/$฀
ROBOT฀TECHNOLOGY�฀

฀

฀

Fig. 6. Main elements of hydropneumatic suspension covered with the demonstrator of the EOD robot technology :  

1-suspension actuator, 2-front suspension arm (to be pushed), 3-hydraulic accumulator, 4-throttle valve 

4HE฀RESEARCH฀WAS฀CONDUCTED฀ON฀A฀ROBOT฀TEST฀TRACK฀CONSTRUCTED฀ON฀THE฀PREM ISES฀OF฀THE฀#HAIR฀OF฀
-ECHANICAL฀%NGINEERING�฀4HE฀EXPLORATORY฀RESEARCH฀HAD฀BEEN฀PRECEDED฀BY฀AN฀INITIAL฀EVALUATION฀O F฀
THE฀ROBOT�S฀PERFORMANCE฀FOR฀VARIOUS฀CONFIGURATIONS฀OF฀SUSPENSION฀STRUCTURES฀AND฀BY฀THE฀DECISION฀TO฀
CONDUCT฀THE฀RESEARCH฀WITH฀THE฀STRUCTURE฀SHOWN฀IN฀FIGURE฀��฀I�E� ฀THE฀ONE฀WITH฀CUT฀OFF฀ACCUM ULATORS฀OF฀
THE฀MIDDLE฀AND฀REAR฀AXLES�฀)N฀THE฀COURSE฀OF฀THE฀RESEARCH฀THE฀ROBOT฀WAS฀DRIVEN�฀AT฀A฀SPEED฀OF฀^�KPH�฀
ACROSS฀THE฀FOLLOWING฀GROUND฀OBSTACLES�฀

A	 ��฀CM฀HIGH฀DYKE฀OF฀HEXAGONAL฀PAVING฀SLABS฀�&IG�฀�	�฀
B	 ���M฀DEEP฀TRANSVERSE฀DITCH฀WITH฀A฀���฀INCLINATION฀OF฀SLOPES฀�&IG�฀�A�B	�฀

฀

฀

Fig. 7. EOD robot attempting to drive across dyke of hexagonal paving slabs 

฀
4HE฀ TEST฀INV OLVED฀ THE฀ RECORDING฀ OF฀ HYDRAULIC฀ OIL฀PRES SURE฀ IN฀THE฀SUSP ENSION฀ SYSTEM฀ OF฀TH E฀ FRONT฀

ACTUATOR�฀BETWEEN฀THE฀ACTUATOR฀AND฀THE฀DAMPING฀VALVE�฀WITH฀THE฀LATTER฀BEING฀FULLY฀OPENED฀DURING฀THE฀TEST�฀฀

���



Multifunction Suspension of EOD Robot 

฀

Fig. 8. Attempt at driving across transverse ditch: a) side view of the obstacle; b) robot in the course of passing 

through

&IGURE฀�฀SHOWS฀EXEMPLARY฀TIMING฀OF฀PRESSURE฀VARIATIONS฀MEASURED฀DURING฀THE฀TEST�฀
4HE฀FINDINGS฀OF฀THE฀EXPLORATORY฀RESEARCH฀ON฀THE฀SUSPENSION฀OF฀THE฀FRONT฀SUSPENSION฀ARM ฀�&IG�฀�	฀

ARE฀TO฀A฀GREAT฀EXTENT฀SIM ILAR฀TO฀THE฀SIMULATION฀FINDINGS฀�CHART฀�	�฀)T฀WAS฀DETERM INED฀THAT�฀USING฀THE฀
PRESSURE฀APPROACH�฀THE฀DYNAMIC฀SURPLUS฀COEFFICIENT฀kd WAS฀SIMILAR฀FOR฀BOTH฀OBSTACLES�฀)TS฀MAXIMUM฀
VALUE฀WAS฀RECORDED฀DURING฀ROBOTgS฀DRIVE฀ACROSS฀THE฀DITCH฀AND฀IT฀WAS฀�����฀

฀

฀

Fig. 9. Timing of pressure variations in the suspension system of the front suspension arm during: a) robot’s drive 

across hexagonal paving slabs, b) drive across transverse ditch 

���
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5. Summary฀
฀

$UE฀ TO฀THE฀FACT฀THAT฀THE฀CHARACTER฀OF ฀DRIVING฀AND฀WORK฀OF฀THE฀%/$฀ROBOT฀IS฀DIFFERENT฀�REM OTE฀
CONTROL	฀FROM฀THAT฀OF฀CLASSICAL฀VEHICLES฀AND฀EQUIPMENT�฀THERE฀AROSE฀THE฀NECESSITY฀TO฀W ORK฀OUT฀A฀NEW฀
SUSPENSION฀ SOLUTION�฀4 HE฀ ESTABLISHED฀REQUIREM ENTS฀ �WHICH฀ARE฀OFTEN฀M UTUALLY฀ EXCLUSIVE฀FOR ฀
MECHANICAL฀SUSPENSION฀SYSTEMS	฀CONCERNING฀THE฀PERFORMED฀FUNCTIONS฀DETERMINED฀THE฀APPLICATION฀OF฀
HYDROPNEUMATIC฀SUSPENSION�฀

4HE฀DEVELOPED฀MODEL฀ENABLED฀THE฀SELECTION฀OF฀HYDRAULIC฀ACCUMULATORS฀ON฀THE฀BASIS฀OF฀THE฀INITIAL฀
CRITERION฀FOR฀ITS฀ASSESSMENT฀�kd฀COEFFICIENT	฀AS฀WELL฀AS฀THE฀CONSTRUCTION฀OF฀THE฀SUSPENSION฀SYSTEM฀ON฀
A฀ REAL฀OBJECT�฀4HE฀FINDINGS฀OF฀THE฀EXPLORATOR Y฀ RESEARCH฀ON฀THE฀SUSPENSION฀SYSTEM฀CONFIR MED฀
CONFORMITY฀BETWEEN฀THE฀kd฀COEFFICIENT฀VALUE฀AND฀THE฀SIMULATION฀FINDINGS�฀

)T฀ IS฀RECOMMENDED฀THAT฀SIM ULATION฀ INVESTIGATION฀OF฀ THE฀ROBOT�S฀PERFOR MANCE฀BE฀CONDUCTED฀WITH ฀
THE฀ABOVE฀SUSPENSION฀CHARACTERISTICS฀AND฀THAT฀IT฀SHOULD฀BE฀FOLLOWED฀BY฀THE฀VERIFICATION฀OF฀THE฀FINDINGS ฀
ON฀A฀REAL฀OBJECT�฀(OWEVER�฀IT฀IS฀ALSO฀RECOMMENDED฀THAT฀NEW฀RULES฀FOR฀THEIR ฀ASSESSMENT฀BE฀DEVELOPED�฀
WHICH฀IS฀DUE฀TO฀THE฀FACT฀THAT฀THE฀EXISTING฀M ETHODS฀DESCRIBED฀IN฀THE฀LITERATURE�฀BASED฀ON฀THE฀DRIVER�S฀
COMFORT฀CRITERION฀�VERTICAL฀ACCELERATION฀VALUES�฀PI TCHING�฀ETC�	�฀OR฀ON฀THAT฀OF฀THE฀OPERATOR�฀M AY฀NOT฀BE฀
DIRECTLY฀USED฀FOR฀THE฀ASSESSMENT฀OF฀THE฀ROBOTgS฀SUSPENSION฀SINCE฀IT฀DOES฀NOT฀HAVE฀OCCUPANTS�฀

4HE฀ DEVELOPMENT฀ OF฀A฀BASIC฀PLATFORM �฀ EQUIPPED฀ WITH฀ AN฀EFFECTIVE฀SUS PENSION฀ INCREASING฀ITS฀
MOBILITY฀AND฀WORKING฀CAPABILITIES฀WILL฀ENAB LE฀THE฀USE฀OF฀THE฀PLATFORM ฀FOR฀VARIOUS฀PURPOSES�฀EG�฀AS฀
A฀CARRIER฀ OF฀A฀M ULTI
SENSOR฀ SYSTEM฀ FOR฀DETECTING฀DANGERO US฀ MATERIALS฀ OR฀FOR฀CARRYING฀OTH ER฀
ATTACHMENTS�฀
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