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Abstract. In a paper previously published by the authors, kinematic 
analysis of a jack mechanism driven by a motor tetrad was done. For the 
actual design of the mechanism, the forces and moments acting on the 
kinematic elements that are part of it must be determined. Also, the driving 
force in the hydraulic cylinder must be determined, so that the mechanism 
works in good conditions, for a certain technological task imposed by the 
design theme. The present paper makes the kinetostatic analysis of the 
mechanism studied, from the kinematic point of view. Therefore, the 
reactions in the kinematic couplings of the mechanism, as well as the 
driving force of the hydraulic cylinder, are determined. In order to 
determine the reactions of the kinematic couplings, as well as the driving 
force of the hydraulic cylinder, the masses of the elements, the moments of 
mechanical inertia, as well as the load force acting on the jack were 
considered. The results of the calculations were graphically represented, in 
reaction patterns. In order to verify the correctness of the calculations, the 
balance force (the hydraulic cylinder motor force) was determined by both 
the kinetic and the virtual power method, and the results are the same.  

1 Introduction 

This mechanism was patented by William P Brown and developed year by year for 
improving its performances [1]. There are many researches on this mechanism. Manoj R. 
Patil1 and S.D. Kachave studied, using Pro-E software, the construction of this mechanism 
intended to reduce weight of scissor jack and, at the same time, maintaining its strength and 
service life. The study was made using 3D modelling [2]. This mechanism is also used in 
the construction of the high scissor lift platform and some research were done using 3D 
Pro/E software [3]. Other researches about this mechanism were done by researchers from 
different countries, each of them trying to improve it. [4-11]. 

Agricultural machines have the most complex mechanisms. Therefore, it is good for the 
designers to know the methods for determining kinematic and kinetostatic parameters, with 
the help of calculation procedures on modular groups. 
 The jack that we studied, as shown in Figure 1, is a special jack, which is very helpful 
when the agricultural machine breaks down and we have nothing to raise it. 
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The analysis of the mechanism was made after its synthesis, that is, after determining 
the dimensions of the kinematic elements. For the synthesis of the mechanism hundreds of 
equations are written (using the synthesis to approximate a given curve or to guide an 
element). At such a large number of equations the methods of numerical calculation, the 
choice of the initial solution of the systems of equations etc. must be mastered. 
 In order to determine the forces and moments acting on the elements of the 
mechanism, their positions are considered as known, as well as the distribution of linear 
and angular velocities and accelerations. At the basis of writing the force equations are used 
the equations of static balance, the principle of virtual work, the principle of d 'Alembert 
etc. For each module (structural group) in the structure of the mechanism, the system of 
balance equations is written, considering the forces and moments applied, the forces and 
moments of inertia and the forces and moments of reaction. The system of force equations 
is solved by an appropriate numerical method. 
 The kinetostatic analysis of the mechanism comprises several stages, namely: 

a) kinetostatic study of each modular group; 
b) the calculation program for determining the reactions in all the kinematic couplings 

of the mechanism, as well as the driving force of the active coupling F; 
c) tracing the reaction hodographs corresponding to A, D, L and M couplings; 
d) drawing the force diagram of the kinematic translational coupling F; 
e) the table presentation of the reactions in A, B and D couplings for 21 positions of the 

mechanism elements, as well as of the balance force of the motor torques F, calculated by 
the kinetostatic method and by the virtual power method. 

2 Material and method 

The kinetostatic analysis of the mechanism was made based on the modular groups of 
which it is formed. The study of the mechanism as a whole would have led to a large 
number of equations and implicitly to greater relative and absolute errors of calculation. 
Regarding the exact calculation, it is known that the calculation errors depend on the 
numerical method chosen and on the experience of the one who solves the problem. 

In this paper, we applied the scientific researches carried out from 1977 to the present. 
Thus, depending on the evolution of the calculation technique, software libraries were 
made for the kinematic, kinetostatic and dynamic calculation of the mechanisms in 
FORTRAN, BASIC, TURBO-PASCAL, C++, MATHCAD, MATLAB etc. [12-23] 

These programs have been continuously improved. The calculation program for 
kinematic, kinetostatic analysis and the animation of the mechanism was made in 
MATLAB syntax. The program also contains the kinematic analysis of the mechanism, as 
this is necessary for the kinetostatic analysis.  

3 Results and discussions 
In figure 1, the kinematic diagram of a jack driven mechanism by a motor tetrad can 

be observed, with the load force acting on the element 9 being highlighted.  
To make the kinetostatic analysis it is necessary to know the modules composing the 

jack mechanism in figure 2, where Z(0) is the base, RRR-Ta-RRR(1,2,3,4,5) motor tetrad 
and dyads RRR(6,7) and RRR(8,9). For the kinetostatic analysis of the mechanism, the 
applied and inertia forces in the elements’ centroids are reduced; after that, the 
corresponding functions of each structural group are applied. It is mentioned that the 
kinetostatic analysis is made in the opposite direction of the kinematic analysis, namely 
starting with the last structural group kinematically analysed, dyad RRR(8,9) and ending 
with the motor tetrad RRR-Ta-RRR(1,2,3,4,5). 
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Fig. 1. The kinematic diagram of the jack 
mechanism 

Fig. 2. The multipolar diagram of the jack 
mechanism 

 
 The kinetostatic analysis of the modular groups composing the mechanism  
 Dyad RRR(8,9) 
 On the dyad RRR(8,9) elements act, according to (Fig. 3,a) 
 - the load force Q;  

 - the weight forces: gmG 88  , gmG 99  ;  

 - the inertia forces: 888 Gi amF  , 999 Gi amF  ,  ;  

 - the resulting moments of the inertia forces: 888  IGM i  , 999  IGM i .  

 The reduction points of the force systems are considered to be in the centroids 8G  

and 9G  of the kinematic elements 8 and 9. 

 The accelerations of the reduction points 8G  and 9G  being known through the 

components on the coordinate axes, the inertia forces are: 

  
_

8

_

88

_

jFiFF YiXii  , 
_

9

_

99

_
jFiFF YiXii  ,. 

 The resulting inertia and weight forces are:   

  YXR FFF 888

_ __
 , YXR FFF 999

_ __
 ,  

where:  
  XGX amF

888  , )(
888 gamF YGY  ; 

  XGX amF
999  , QgamF YGY  )(

999 . 

 
 In relation to the reduction points, the resulting moments are: 

  888  IGCM , 777  IGCM . 

 The reactions in the kinematic couplings K, L and M are: XR18 , YR18 , XR98 , YR98 ,

XR79 and YR79 . These reactions are the output data of a calculation procedure, drafted by 

the authors. 
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Fig.3. Dyad RRR(8,9) 

 a) highlighting the forces and moments acting on the elements of the structural group;  
b) the kinetostatic diagram of dyad RRR(8,9) 

 
 Dyad RRR(6,7) 
 On the elements of dyad RRR(6,7), as shown in (Fig. 4,a) act: 
 - the reactions of the element 9 on the element 7 of the dyad RRR(6,7) namely:

XX RR 7997  ,  YY RR 79497  ;  

 - the weight forces: gmG 66  , gmG 77  ;  

 - the inertia forces: 
666 Gi amF  , 

777 Gi amF   ;  

 - The resulting moments of the inertia forces: 666  IGM  , 777  IGM i .  

 The reduction points of the force systems are considered in the centroids 6G  and 7G  

of the elements 6 and 7. 
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Fig.4. Dyad RRR(6,7) 

a) highlighting the forces and moments acting on the elements of the structural group;  
b) the kinetostatic diagram of dyad RRR(6,7) 

 
 The accelerations of the reduction points 6G  and 7G  being known through the 

components on the coordinate axis, the inertia forces are: 

  
_

6

_

66

_
jFiFF YiXii  , 

_

7

_

77

_
jFiFF YiXii  . 

 The resulting inertia and weight applied forces, are: 

  YXR FFF 666

_ __
 , YXR FFF 777

_ __
 ,  

where: 
  XGX amF

666  , )(
666 gamF YGY  ; 
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  XXGX RamF 9777 7
 , YYGY RgamF 9777 )(

7
 . 

In relation to the reduction points, the resulting moments are: 
  666  IGCM , )( 97977777 YX RRMGIGCM   . 

 
 The reactions in the kinematic couplings H, I and J are: XR16 , YR16 , XR67 , YR67 , 

XR27  and YR27 . These reactions are the output data of a calculation procedure. 

The motor tetrad RRR-Ta-RRR(1,2,3,4,5) 
 On the elements of the motor tetrad RRR-Ta-RRR(1,2,3,4,5) act (Fig.5):  
 - The reactions of the elements 6 and 8 on the element 1 of the motor tetrad RRR-Ta-
RRR(1,2,3,4,5), are: XX RR 1661  ,  YY RR 1661  , XX RR 1881  ,  YY RR 1881  .  

 - the reactions of the element 7 on the element 2 of the motor tetrad RRR-Ta-

RRR(1,2,3,4,5), are: XX RR 2772  ,  YY RR 2772   
 - the weight forces: gmG 11  , gmG 22  , gmG 33  , gmG 44  , 

gmG 55  ;  

 - the inertia forces: 111 Gi amF  , 222 Gi amF  , 333 Gi amF  , 

444 Gi amF  , 555 Gi amF  ;  

 - the resulting moments of the inertia forces: 111  IGM i , 222  IGM i , 

333  IGM i , 
444  IGM i , 555  IGM i  ( 54   ).  
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Fig. 5. The motor tetrad RRR-Ta-RRR(1,2,3,4,5). Highlighting the forces and moments acting  

on the elements of the structural group 
 
 The reduction points of the forces systems are considered in the centroids G1, G2, G3 
G4 and G5, corresponding to the elements 1, 2, 3, 4 and 5. The kinematic parameters of the 
points G1, G2, G3 G4 and G5 are calculated using a calculation procedure drafted by the 
authors. The resulting inertia, weight and reaction forces are as follows (Fig.6). 

YXR FFF 111
_ __

 , YXR FFF 222
_ __

 , YXR FFF 3433
_ __

 ,  

YXR FFF 444
_ __

 , YXR FFF 555

_ __
 ,  

where: 
 XXXGX RRamF 8161111  ; YYYGY RRgamF 8161111 )(  ; 

 XXGX RamF 7222 2
 ; 

YYGY RgamF 7222 )(
2

 ; 

 XGX amF 363  ;  )( 333 gamF YGY  ; 

 XGX amF 444  ; )( 444 gamF YGY  ;   
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 XGX amF 555  ;  )( 555 gamF YGY  .   
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Fig.6. The motor tetrad RRR-Ta-RRR(1,2,3,4,5).  
The kinetostatic diagram of the motor tetrad RRR-Ta-RRR(1,2,3,4,5) 
 

In relation to the reduction points, the resulting moments are: 
 )()( 8161161611111 YXYX RREGRREGIGCM   ; 

 )( 72722222 YX RRCGIGCM   ; 

 333  IGCM ; 444  IGCM ; 555  IGCM  ( 54   . 
 The reactions in the kinematic couplings A, B, C, D, E, F and G are: XR01 , 

YR01
, 

XR12

, YR12 , XR32 , YR32 , 
XR03

, YR03 , XR14 , YR14 , 
45R , 

45CR , 
XR35

 and YR35 . The driving 

force in the hydraulic cylinder is 45P . These sizes are the output data of a calculation 

procedure drafted by the authors. 

To determine the kinematic and kinetostatic parameters of the mechanism elements, 
the following data were considered:     

- the elements dimensions: AB = 0.061 m, AE = 0.280 m, BC = 0.1598 m;   
          CD = 0.280 m,     BE = AE-AB, JM = 0.280 m, JI = BE, HI = BC, KL = AE,  
          ML = 0.180 m;  
- the positions of the couplings adjacent to the base: XA = 0.0 m, YA = 0.0 m, XD 

= -0.180 m, YD = 0.0 m;  
- the initial length of the hydraulic cylinder: S0 = 0.270 m;  
- the hydraulic cylinder piston stroke:  = 0.098 m;  
- the relative speed of the piston to the cylinder: dS/dt = -0.025 m· s-1;  
- the relative acceleration of the piston to the cylinder is considered equal to zero 
- the mass of the kinematic elements: m1=1.5 kg, m2=1.0 kg, m3=1.5 kg,  
          m4= 1.5 kg, m5=1.0 kg, m6=1.0 kg, m7=1.5 kg, m8=1.5 kg, m9=1.0 kg;  
- the mechanical inertia moments: IG1=1.5 kgm2, IG2=1.0 kgm2, IG3=1.5 kgm2, 

IG4= 1.5 kgm2, IG5=1.0 kgm2, IG6=1.0 kgm2, IG7=1.5 kgm2, IG8=1.5 kgm2, IG9=1.0 
kgm2;  

- the load force: Q=2000 N.  
Using the calculation program made by MATLAB syntax, the values of reactions in 

the kinematic couplings of the mechanism are obtained, as well as the driving force in the 
hydraulic cylinder.  

In figures 7, 8, 9 and 10, the hodographs of reactions in the kinematic couplings A, D, 
L and M are shown. 
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Fig. 7. The hodograph of reactions  

in coupling A 
Fig. 8. The hodograph of reactions  

in coupling D 

  
Fig. 9. The hodograph of reactions  

in coupling L 
Fig. 10. The hodograph of reactions  

in coupling M 
 

 
In Fig. 11, the diagram of the driving force in the hydraulic cylinder is presented. 

 
Fig. 11. The diagram of the driving force in the hydraulic cylinder 4-5 

 
 In the calculation procedure, the driving force was considered to be positive when the 
hydraulic cylinder is relaxing, that is when the piston rod is getting out of the cylinder.  

In table 1, the components’ values of the reactions in A, D and B couplings are 
presented.  
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Table 1 Reactions in A, D and B couplings 

Pos. R01X R01Y R03X R03Y R12X R12Y 
0 -5108.92 1058.11 5109.33 1042.36 -176.47 -44.19 
1 -4179.34 1053.83 4179.58 1051.36 -30.55 -5.98 
2 -3624.83 1048.83 3625.04 1058.70 9.01 8.53 
3 -3244.66 1044.08 3244.86 1064.79 18.27 13.48 
4 -2962.06 1039.90 2962.25 1069.82 17.18 13.92 
5 -2740.42 1036.39 2740.60 1073.91 12.52 12.13 
6 -2559.77 1033.62 2559.96 1077.09 6.99 9.28 
7 -2408.21 1031.61 2408.40 1079.41 1.72 6.04 
8 -2278.10 1030.39 2278.29 1080.88 -2.80 2.82 
9 -2164.34 1029.96 2164.53 1081.49 -6.37 -0.10 

10 -2063.32 1030.35 2063.51 1081.25 -8.94 -2.54 
11 -1972.47 1031.56 1972.66 1080.16 -10.51 -4.36 
12 -1889.84 1033.60 1890.04 1078.23 -11.12 -5.44 
13 -1813.99 1036.48 1814.18 1075.43 -10.84 -5.72 
14 -1743.76 1040.21 1743.95 1071.78 -9.72 -5.12 
15 -1678.27 1044.79 1678.46 1067.26 -7.83 -3.58 
16 -1616.79 1050.24 1616.99 1061.87 -5.24 -1.05 
17 -1558.75 1056.55 1558.95 1055.61 -2.00 2.52 
18 -1503.66 1063.74 1503.86 1048.46 1.83 7.16 
19 -1451.13 1071.82 1451.33 1040.42 6.20 12.93 
20 -1400.83 1080.79 1401.03 1031.48 11.04 19.87 

 
 In table 2, the values of the driving force in the hydraulic cylinder are presented, values 
calculated through the kinetostatic method and the virtual power method.  
 The small differences are due to the calculation errors. 

 
Table 2 Driving force in the hydraulic cylinder 

Pos. P45_CINET FE_PV45 Pos. P45_CINET FE_PV45 
0 -9723.68 -9723.05    
1 -8175.58 -8175.30 11 -3861.88 -3861.86 
2 -7159.70 -7159.55 12 -3697.68 -3697.67 
3 -6428.33 -6428.24 13 -3548.70 -3548.69 
4 -5868.95 -5868.88 14 -3412.60 -3412.59 
5 -5422.68 -5422.63 15 -3287.52 -3287.51 
6 -5055.45 -5055.42 16 -3171.93 -3171.92 
7 -4746.01 -4745.98 17 -3064.59 -3064.59 
8 -4480.32 -4480.30 18 -2964.48 -2964.48 
9 -4248.72 -4248.70 19 -2870.73 -2870.73 

10 -4044.27    -4044.25 20 -2782.62 -2782.61 

4. Conclusions 

Obtaining the values of reactions in the kinematic couplings of the mechanism allows 
passing to the next step, namely the actual design of the kinematic elements. To check the 
calculations, the driving force in the hydraulic cylinder 4-5 was determined also through the 
virtual power method and the results were identical to those in the kinetostatic calculations. 
Depending on the driving force of the hydraulic cylinder, as well as on the general 
dimensions, the hydraulic cylinder will be chosen from a provider of hydraulic elements. 
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