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Mechanics of Systems — Test 1

Monday 27th November 2023 - 1h30 (10h15-11h45)
Authorised: Formula sheet (1.5 page + 1 sheet on classic joints) and Calculator

Indicative marking scheme: preliminary questions 2 marks; part A: 7 marks; part B: 11 marks

The preliminary questions make it possible to tackle the two independent parts A and B.

STUDY OF A CHILDREN'’S DIGGER

An E.BECKMANN digger is studied, which has been entirely re-designed at INSA Lyon in order to propose this
Mechanics test. .

Figure 1: Children’s digger and Solid Edge re-design

The planar kinematical model in figure 2 comprises 5 solids connected by revolute joints of axes collinear to X
Note that 2 revolute joints are superimposed at point A: one linking 2 and 0 and another one between 1 and 0.
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Figure 2: Kinematical model of a digger

To simplify the subsequent analyses, the rotation of the seat about the axis (0,Z,) is considered as blocked, so

that the study can be limited to the plane (0, Y, Z,).
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Operating the digger (fi ure 3):

The child holds the handles at points G and D.

By moving the left handle (in blue) labelled 1, he can

modify the altitude of shovel 4.

By moving the right handle (in red) labelled 2, he can tilt

the shovel about point F in order to fill it in o empty it (with
soil or sand).
Parameter definition
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Figure 4

Motion parameters (careful : absolute parameters all defined with respect to Ro !!):

Handle 1 is connected to the ground 0 via a revolute joint of axis (A, X,). The motion parameter is: <, = (¥g, ¥;).
Handle 2 is connected to the ground 0 via a revolute joint of axis (A, X,). The motion parameter is: «,= (¥q, ¥5).
Shovel 4 is connected to handle 1 via a revolute joint of axis (F, X,). The motion parameter is: «¢,= (¥, ¥3).
Rod 3 is connected to handle 2 via a revolute joint of axis (B, X,). The motion parameter is: «c;= (¥, ¥3).

Moreover, shovel 4 is connected to rod 3 via a revolute joint of axis (C, X,). No parameter for this joint.

Geometrical data :

pu——

G=CZ;E=CE;E=bZZ;ﬁ=d3ﬁ;ﬁ=b4z;ﬁ=dl_ﬁ;ﬁ:az
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PRELIMINAFQUESTIONS

Basedon the model description,drawthe graphof links.

Drawthe changeof basisdiagrams.

PARTA : KINEMATICOFA CHILDRENDIGGER

CONSTRAINEQUATION- MOBILITY

Expressthe constraintcondition(s)correspondingto the closurein the graphof links

Developthe scalarequationsassociatedwith the constraintcondition(s) The resultswill be projectedin the
coordinatesystemRo

What is the deareeof mobilityof the system?Whatwould be the functionalmotion(s)associatecwith this
degreeof mobility?

(Bonusoptionalquestion)If the systemis to be usedso that pointE of the shovelmoveshorizontallyon
the ground (see Figure4), whatwould be the additionalconstrainiequation(do notdevelop)?Whatcould
then be deducedaboutthe use of the handlesin this configuration?

KINEMATIC/CALCULATIONS

Forthe numericalapplicationsin PartA. use:
a=250mm, c=400mm,

Handlel is proneto experiencelarge amplitudemotionsand consequentlybe the potentiallymostdangerous

partfor children.Inwhat follows, the child'sleft-handvelocityat pointG is definedas V(G/O) = VYI.
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Determinethe kinematicalscrewat pointG {VI/O)(and at pointA (v|/O)n termsof v andthe geometrical

data. Deducethe relationshigbetween  andv.
Calculate V(F/O) intermsof v andthe geometricadata.

Numericaapplication:v = 0,5 m/s,calculatd|V(F/O)Il. ForsafetyreasonspointF shouldmovewith
respectto the groundwith a speed below 1m/s.Isit the case in this example?
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