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Abstract


The results of the experimental research on the influence of the special vehicle movement conditions on the body shell 

and the vehicle crew dynamic load will be presented in the paper. ROSOMAK Wheeled Armoured Personnel Carrier 

(Wheeled APC), the basic version, was the subject of the research. The research work was aimed at analysis of the 

dynamic loads resulting from the deterministic inputs and driving on the selected types of surfaces generating random 

kinematic inputs. The personnel carrier service conditions, measuring apparatus, and testing methods will be 

described. The vertical accelerations of the selected points of the vehicle, and deflection of the prime and second 

suspension of the vehicle left side were measured. The time and the acceleration RMS value spectrum charts for the 

selected implementations will be presented. The cumulative statistics will be shown in the form of a table. The 

conclusions regarding the influence of the road surface on the personnel carrier driver's working comfort will be 

formulated. The assessment of the suspension quality will be included in the conclusions. Driving on the smooth 

surface is comfortable. However, the road surface worsening causes decreased proficiency sense until the exposure 

limit boundary is reached when the vehicle drives on a poor quality cobble road with 50 km/h speed. The vehicle basic 

version is not fitted with the seats for assault troops, therefore the influence of the road irregularities on the centre of 

mass of the body shell, and the driver's and commander's seats were determined. It is recommended to make further 

tests on the personnel carrier combat and special versions. 
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1. Introduction 


)NDEPENDENTLYOFTHEGUNTURRET�ARM AMENT TYPE�ANDARM OUR� THEBASICTASKOFTHEPERSONNEL

CARRIER ISTO  ENABLETHECREWTOREACHANASS IGNED REGIONEFFICIENTLYANDCARRYOUTTHEORDERS�
$RIVING COMFORT SIGNIFICANTLYINFLU ENCE THEM ENTAL ANDP HYSICAL SOLDIERSg STATEDURINGM ILITARY
MISSIONS�"ESIDESDEGREEOFPROTEC TION�DRIVINGCOMFORTISASIGNIFICANTCRITERIONOFASSESSM ENTOF
THEGIVENMEANSOFTRANSPORT�$URINGOPERATI ONALUSEOF2/3/-!+7HEELED!0#UNDERVARIOUS 
TERRAINCONDITIONSMANYDYNAMICLOADSAFFECTTHEVEHICLE�4HEREARETHEFOLLOWINGIMPACTSOURCES�

ENGINE�ROTATIONALSPEEDANDTORQUEFLUCTUATIONS	�
DRIVESYSTEM�GEARCHANGE�ACCELERATINGANDBRAKING�CORNERING	�
ROADSURFACE�IRREGULARITIES�SLOPE�ROADADHESION	�
CLEARINGTERRAINOBSTACLES�
ARMAMENTOPERATING�COMBATVERSION	�
MISSILEIMPACT�MINEANDCHARGEEXPLOSIONS�

4HETESTEDVEHICLEDOESNOTTAKEPARTINCOM BATACTIVITIES�ALTHOUGHITISEXPOSEDTOTHELASTTWO
IMPACTSOURCESMENTIONEDABOVEDURINGM ISSIONSINUNSTABLEREGIONS�6IBRATIONSOFTHEARM OURED
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BODY SHELL� CAUSED BY KINEMATIC INTERACTIONS ASSOCIATED WITHD RIVING ONUNSU RFACED ROADS�
WILDERNESS�NATURALANDARTIFICIALOBS TACLES�SIGNIFICANTLYINFLUENCETHESYSTEM S�CIRCUITS�ANDUNITS 
OF THECOM BAT VEHICLEINM OVEMENT� DURINGTHEOPERATIONLIFEOFTHEPERSONNELCARRIER�4HE
EXPOSURE LEVELSM AINLY DEPENDONTHEDRIVINGSPEED�THESUSPENSIONDYNAM IC PROPERTIES�AND
INTERACTIONBETWEENTHEDRIVINGSYSTEMANDTHEROADSURFACE�




Fig. 1. Wheeled Armoured Personnel Carrier in basic version 


2. Testing Methods and Measuring Apparatus 


2/3/-!+�X�7 HEELED!0#�THEBASICVERSION�WASTHESUBJECTOFRESEARCH�&IG��	�4HE

TESTS INCLUDED THE7HEELED!0#DYNAMIC LOADSANALYSISFORVARIOUSDRIVINGSPEEDSONTHEROADS
WITHVARIOUS SURFACES�ANDFORDRIVINGONTHES INGLE IRREGULARITIES�4HEEXPERIMENTAL RESEARCHON
RANDOMINPUTSWASM ADEATTHE-ILITARY5NIVERSITYOF4ECHNOLOGY�-54	TESTINGGROUNDANDAT
THESELECTEDROADSWITHTHEFOLLOWINGSURFACES�

THEGOODQUALITYASPHALTROAD�THE-54INTERNALROAD	�
THECOBBLEROAD�THE-54INTERNALROAD	�
THEGRAVELROAD�THE-54TESTINGGROUND	�
ANDTHETERRAINROAD�UNSURFACED	ATTHE-54TESTINGGROUND�

4HEMEASUREMENTS FORTHEINDIVI DUAL LANESWERETAKENFORASINGLED RIVINGDIRECTION�WITHA
CONSTANT SPEED�&IG��	�$URINGTHEM EASUREMENTPASSAGESTHEDRIVERWASKEEPINGTHESETSPEED�
WAS NOTSHIFTINGTHEGEARANDWASNOTCHANGINGTHETIREPRESSURE�)NORDERTOVERIFYTHERESULT
REPEATABILITYTHREEMEASUREMENTSWERETAKENFOREACHMOVEMENTCONDITION�!DDITIONALLY�INORDER
TO GETDATAESPECIALLYUSEFULFORTHENUM ERICAL MODELS VERIFICATION�THEM EASUREMENTS FORTHE
DETERMINED INPUTSWEREM ADE� 4HE MEASUREMENTS WERETAKENATTHEIRREGULARITYWITHATRIANGLE
PRISMPROFILEOFHEIGHTH�����M� LENGTH,��M �ANDFORTHECOSINEIRREGULARITYOFHEIGHTH�
�����MANDLENGTH,����M �LOCATEDONTHEASPHALTSURFACE�4HEM EASUREMENTSWERETAKENFOR
THEFOLLOWINGSPEEDS�

ATTHEASPHALTROAD�V���������������KM�H�
ATTHECOBBLEROAD�V���������������KM�H�
ATTHETESTINGGROUNDROAD�WILDERNESS	�V������������KM�H�

4HE MEASUREMENT SPEEDSWERESELECTEDONACCOUNTOFTHESAFETYANDLIM ITS RESULTING FROM
AVAILABLERUNUPANDSTOPLANESFORTHEMEASUREMENTSFORTHEHIGHERSPEEDS�
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Fig. 2. Armoured vehicle during experiment:: a) at the testing ground road (wilderness), b) at the cosine irregularity

$URINGTHEMEASUREMENTSTHEFOLLOWINGPARAMETERSWEREMEASURED�
ACCELERATIONSOFTHECENTREOFMASSFORTHETHREEDIRECTIONS�
VERTICALACCELERATIONSFORTHEDRIVERgSSEAT�
VERTICALACCELERATIONSFORTHECOMMANDERgSSEAT�
VERTICALACCELERATIONSONTHEFLOORUNDERTHEDRIVERgSSEAT�
VERTICALACCELERATIONSOFTHEVEHICLEFRONTANDBACKONTHEROLLAXIS�
VERTICALACCELERATIONSOFTHEVEHICLELEFTANDRIGHTSIDESONTHELATERALAXIS�
VERTICALACCELERATIONSONTHEPRIMEWISHBONE�
DYNAMICDEFLECTIONFORTHEPRIMEANDSECONDSUSPENSIONOFTHEVEHICLELEFTSIDE�

4HEVERTICALDIRECTIONCONCERNSTHEACCELEROMETERSPOSITIONWHENTHEVEHICLEISNOTINM OTION�AND
THEDIRECTIONPERPENDICULARTOTHEVEHICLEROLLAXISWHENTHEVEHICLEMOVES�

$URING THEM EASUREMENTS THREEVARIOUSM EASUREMENT SYSTEMS WEREUSED�(ALIKANLOGGER�
0ULSEMULTIANALYSERAND$!1"OOKMEASUREMENTSET�4HEPERSONNELCARRIERCREWAND THE7HEELED
!0#DYNAMICLOADSMEASUREMENTSWERETAKENWITHTHEUSEOFTHEFOLLOWINGTRANSDUCERS�

LINEAR ACCELERATIONTHRE EAXIS TRANSDUCERS WITH $ELTA4RONPIEZOELECTRICSENSORS  AND
INDUCTIVESENSORS�
ACCELERATION SINGLEAXIS TRANSDUCERSWITH  THESENSORSASM ENTIONED ABOVE�! $8,
MICROMECHANICALSENSORS�ANDPIEZOELECTRICANDINDUCTIVESENSORS�
LINEARDISPLACEMENTINDUCTIVETRANSDUCERS�&IG��A	�
THEVEHICLESPEEDOPTICALTRANSDUCER�&IG��B	�

Fig. 3. Location of sensors outside vehicle:a) linear displacement inductive sensor; b) the vehicle speed optical sensor 
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4HELINEARDISPLACEMENTSENSORSWEREMOUNTEDONTHEPRIMEANDSECONDSUSPENSIONONTHELEFT
SIDE�ANDTHEOPTICALSENSORWASMOUNTEDATTHEVEHICLEBACK�&IG��	�4HEAPPROPRIATEAM PLIFIERS
AND THERECORDINGEQUIPM ENTWERELOCATEDINSIDE  THEVEHICLE�4HEACCELE RATION TRANSDUCERSWERE
LOCATEDINSIDETHEVEHICLEATTHEFOLLOWINGPLACES�&IG��	�

�	 ATTHEDRIVER�MECHANICgSSEAT��	ANDTHECOMMANDERgSSEAT��	�
�	 ATTHEPERSONNELCARRIERCENTREOFMASS�THREEAXIS	��	�

ATTHEASSAULTTROOPSgCOMPARTMENT������	�



Fig. 4. Location of acceleration transcuders 


3. The Experimental Research Results 


4HESELECTEDTIMECHARTSFORTHETESTEDSURFACES�DRIVINGSPEED SANDINPUTSAREPRESENTEDINTHE

PAPER�!DDITIONALLY�THESETTINGUPFORALLVARIAN TSISSHOWNINTHEFORMOFATABLE�4HETIM ECHARTS
FOR THEVERTICALACCELERATIONSOF  THECENTREOFMASSANDTH EDRIVER�FORTHEASPHALTROAD�WITHTHE 
SPEEDOF�� KM�H� ARESHOWNIN&IG URE��-AXIMUMACCELERATIONRECORDED  FORTHEVEHICLEBODY
SHELLIS����M�S��ATSTANDARDDEVIATION����M�S��-UCHHIGHERACCELERATIONSAFFECTTHEDRIVER�4HE
FOLLOWING ACCELERATIONSWERERECORDED�M AXIMUM ����M �S�� MINIMUM n����M �S�� ATSTAND ARD
DEVIATION ����M �S�� 4HEM EASURED VALUESAREM ORE THAN���TIM ES HIGHER�ALTHOUGHTHE
ACCELERATIONS MEASURED ONTHEFLOORUNDERTHEDRIVERg S SEATDONOTSIG NIFICANTLY DIFFERFROM  THE
ACCELERATIONSOFTHECENTREOFM ASS�THEINFLUENCEOFTHELONGITUDINALANGULARVIBRATIONSATASMALL
DISTANCE	� 3UCH BEHAVIOUROFTHEDRIVERg S SEATM AY RESULTFROM  THESEATSUSPENSION  SYSTEM PLAY�
HOWEVER ITISNECESS ARY TOEXAMINETHECAS E BYM EANS OFM EASUREMENTS OFTHEVEHICLE
REPRESENTATIVESAMPLE�4HEBASICSTATISTICSFORTHERANDOMINPUTSAREPRESENTEDIN4ABLES����

Fig. 5. Time chart of acceleration for centre of mass, driver seat and floor under driver seat during experiment on 

asphalt surface with 50 km/h vehicle speed 
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Tab. 1. Statistical summary of acceleration values for asphalt and cobble surface 

  CENTREOFMASS DRIVERSEAT FLOORUNDERDRIVERSEAT

3URFACE V
;KM�H=

A-!8
;M�S�=

A-).
;M�S�=

STD�
DEV�

;M�S�=

A-!8
;M�S�=

A-).
;M�S�=

STD�
DEV�

;M�S�=

A-!8
;M�S�=

A-).
;M�S�=

STD�
DEV�

;M�S�=

�� ���� ���� ���� ���� ���� ���� ���� ���� ����

�� ���� ���� ��� ���� ���� ���� ��� ���� ����

�� ���� ���� ���� ���� ���� ��� ���� ���� ����

�� ���� ���� ��� ���� ���� ���� ���� ���� ����

!SPHALT

�� ���� ���� ���� ���� ���� ���� ���� ��� ����

�� ���� ���� ���� ���� ���� ���� ���� ���� ����

�� ��� ���� ���� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ��� ���� ���� ���� ����

�� ���� ���� ���� ����� ����� ���� ���� ���� ����

#OBBLE

�� ���� ��� ���� ����� ����� ���� ���� ���� ����



Tab. 2. Statistical summary of acceleration values for gravel and unsurfaced road 

  CENTREOFMASS DRIVERSEAT

3URFACE V
;KM�H=

A-!8
;M�S�=

A-).
;M�S�=

STD�
DEV�

;M�S�=

A-!8
;M�S�=

A-).
;M�S�=

STD�
DEV�

;M�S�=
�� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ���� ����
'RAVEL

�� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ���� ����

5NSURFACEDROAD

�� ���� ���� ���� ���� ���� ����


4HE SPECTRALANALYS ISOF THETIMECHARTS FORACCELERATIONSANDDISPLACEM ENTSWASMADE�4HE

FAST &OURIERTRANSFORM  ALGORITHM IMPLEMENTED IN-!4,!"ENVIRONM ENT WASUSEDAND2-3
VALUESOFACCELERATIONSFOR���OCTAVEBANDSWITHTH EUSEOFTHEPOWERDENSITY SPECTRUMNUMERICAL
INTEGRATION WEREDETERM INED� 4HEACCELERATIO N 2-3VALUESPECTRUMCHARTSWEREM ADE FOR ���
OCTAVE MIDDLE BANDSUPTOTHEFREQUENCYOF��(Z�%XAM PLE CHARTSFO R THEASPHALTSURFACEAT
VARIOUSDRIVINGSPEEDSAREPRESENTEDIN&IG���&ORTHEASPH ALTSURFACE�ATALOWDRIVINGSPEED�� �
KM�H	 THECOM FORT BOUNDARYWASNOTEXCEEDED� 4HE COMFORT BOUNDARYWASEXCEEDEDWHENTHE
DRIVING SPEEDINCREASEDUPTO��KM �H� BUTTHEFATIGUEDECREASEDPROFICIENCYBOUNDARYWASNOT
EXCEEDED�

4HEANALOGOUSCHARTSFORACCELERATIONSFORTHECOBBLESURFACEAREPRESENTEDIN&IGURE��!SFOR
THEASPHALTSURFACE�THEIMPLEMENTATIONSFORTHEVEHICLESPEEDSOF��AND��KM�HAREPRESENTED�)T
MAYBEOBSERVEDTHATTHECOM FORTBOUNDARYWASEXCEEDED FORTHEFREQUENCIESOF�AND�(Z�&OR
THESPEEDOF��KM�HTHECOMFORTANDFATIGUEDECREASEDPROFICIENCYBOUNDARYWEREEXCEEDED�AND
FORTHEFREQUENCYOF��(ZTHEEXPOSURELIMITBOUNDARYWASEXCEEDED�
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Fig. 6. The acceleration RMS value spectrum chart for driver seat on asphalt surface 

Fig. 7. The acceleration RMS value spectrum chart for driver seat on cobble surface 

4HE CHARTSF OR THEVERTICALACCELERATIONSFORTH E CENTREOFM ASS ANDTHEDRIVERg S SEAT�ATTH E
SPEEDOF��KM �H�FORASINGLEIRRE GULARITY�THETRIANGLEPRISM	�ARESHOWNIN&IGURE��!SFORTHE
PASSAGESONVARIOUSROADSURFACES�ASPHALT�COBBLE�GRAVEL�UNSURFACED	�ITMAYBEOBSERVEDTHATTHE
EXTREMEVALUESOFTHEACCELERATIONSANDTHESTAN DARDDEVIATIONAREMUCHHIGHERFORTHEDRIVERTH AN
FORTHECENTREOFMASS�-AXIMUMACCELERATIONOFTHECENTREOFMASSIS����M�S�ATTHEMINIMUMIS
n����M�S��&ORTHEDRIVERgSSEATTHEVALUESARE�����ANDn�����M �S�RESPECTIVELY�4HESETTINGUP
FOREXTREMEACCELERATIONSFORTHEO THERVEHICLESPEEDS�TAKINGINTOCONSIDERATIONTHEACCELERATIONS
FORTHEFLOORUNDERTHEDRIVERgSSEAT�ISSHOWNIN4ABLE��4HEANALOGOUSSETTINGUPFORTHEPASSAGES 
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OVERASINGLEOBSTACLEWITHACOSINEPROFILEISSHOWNALSOIN4ABLE�� 4HEVERTICALACCELERATIONSFOR
THECENTREOFMASSARESIGNEDWITH3-SYM BOL� THEACCELERATIONSFORTH EDRIVERgS SEATARESIGNED
WITH+�ANDTHEVERTICALACCELERATIONSFORTHEFLOORUNDERTHEDRIVERgSSEAT�WITH0+�




Fig. 8. Time chart of acceleration of centre of mass, driver seat and floor under driver seat for single irregularity (the 

triangle prism) 

Tab. 3. Statistical summary of acceleration values for a single irregularity 

4HETRIANGLEPRISMPROFILE #OSINEPROFILE

6ELOCITY
;KM�H=

%XTERNAL
VALUES

3-
;M�S�= +;M�S�=

0+
;M�S�=

3-
;M�S�=

+ ;M�S�=
0+

;M�S�=

-AX ���� ���� ���� ���� ���� ����
��

-IN ���� ����� ��� ���� ����
-AX ��� ���� ���� ���� ���� ����

��
-IN ���� ��������������������
-AX ���� ����� ���� ���� ���� ����

��
-IN ���� ���� � ���� ��������
-AX ���� ����� ���� ���� ��� ����

��
-IN ���� ����� ���� ������������
-AX ���� ����� ���� ���� ���� ����

��
-IN ���� ��������������������

4HEROADAVAILABILITYLIMITEDTHESCOPEOFTHEEXPERIM ENTALRESEARCH�/NTHISACCOUNT�ANDFOR
THETHIRDPERSONSgSAFETYDURINGTHETESTS	M AXIMUMSPEEDSWERELIMITED�7ITHINTHEFRAMEWORKOF
THERESEARCHTHESIMULATIONSFORWIDERSPEEDRANGESWEREMADE�%XAMPLERESULTSFORTHEVERYGOO D
QUALITY ASPHALT SURFACESARESHOWNIN&IGURE �� 4HECOM FORT BOUNDARYWASNOTEXCEEDEDWHAT
INDICATES COMFORTABLE DRIVINGCOND ITIONS� 4HESIM ULATION TESTSWITH IN AWIDERRANGEWILLBE
PRESENTEDINASEPARATEPAPER�
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Fig. 9. The acceleration RMS value spectrum chart for driver seat – simulation, parameters: Gw=0.000006 m3,

w=2.18

3. Final Conclusions 


/NACCOUNTOFTHETESTLIMITATIONTOASINGLEPERSONNELCARRIERTHETESTSWERETHEDIAGNOSTICONES�

)N ORDERTOGETM ORE INFORMATION ABOUTTHEDYNAM IC IMPACTS ONTHE PERSONNELCARRIERCREWITIS
RECOMMENDEDTOTESTSEVERALVEHICLESOFEVERYCARRIERTYPE�(OWEVER�THETESTRESULTSANALYSISMAKE
ITPOSSIBLETOFORMULATETHEFOLLOWINGCONCLUSIONS�

4HE PERSONNEL CARRIERPROVIDESAHIGHDRIV ING COMFORT DURINGDRIV ING ONTHEGOODQUALITY 
ASPHALTSURFACES�
$URING THEPERSONNELCARRIERM OVEMENT ONTHEPOORQUALITYASPHALTSU RFACES 2-3VALUESOF
ACCELERATIONSAREMUCHHIGHERTHANFORTHE GOODONES�4HECOM FORTBOUNDARYEXCEEDINGTAKES
PLACE ALREADYATTHESPEEDOF��KM �H� &ORTHEHIGHERDRIVINGSPEEDSTHEFATIGUEDECREASED
PROFICIENCYBOUNDARYEXCEEDINGTAKESPLACE�TOO�
&OR THECOB BLE SURFACESTHEFATIGUEDECREASED  PROFICIENCYBOUNDARYEXCEEDINGALREADYTAKES
PLACEATTHESPEEDOF��KM �H�!LONGWITHTHESP EEDINCREASE2-3VALUESINCREASETO O�ANDAT
THESPEEDOF��KM�HTHEVALUESEXCEEDTHEEXPOSURELIMITBOUNDARY�
7HEN THEPERSONNELCARRIERD RIVES ON THEPOORSURFACES�THEUNSURFACED  ROADS�TH E TESTING
GROUND	 THEDYNAM IC LOADS WITHTHEVALUESEXCEEDINGTH E FATIGUEDECREASEDPRO FICIENCY
BOUNDARYAREBEINGGENERATED�WHATNEGATIVELYINFLUENCESTHEDRIVINGCOMFORT�


References 

;�= 0OLSKA .ORMA 0.���3������ Drgania. Metody bada  i oceny drga  mechanicznych na 

stanowiskach pracy w pojazdach�
;�= )3/�����������Mechanical vibration and shock. Evaluation of human exposure to whole-

body vibration. General requirements.
;�= "ENDAT�*��0IERSOL�!��Metody analizy i pomiaru sygna ów losowych�07.�7ARSZAWA�����
;�= -ITSCHKE�-��Dynamika samochodu�7+I �7ARSZAWA�����
;�= "ORKOWSKI�7��2YBAK�0��(RYCI�W�:��-ICHA OWSKI�"��Wp yw stanu technicznego 

zawieszenia na obci enia dynamiczne pojazdu specjalnego,4EKAKOMISJIMOTORYZACJI,
:ESZYT.R�����+RAK�W�����

3CIENTIFICWORKFINANCEDFROMRESOURCESFORSCIENCEINYEARS��������ASRESEARCHPROJECT�

W. Borkowski, Z. Hryciów, B. Micha owski, P. Rybak, A. Wi niewski, J. Wysocki 

��


