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 The problem of the optimization of force transmission in a planar linkage is 
investigated, and a novel design for a hoisting device with straight-line and translational 

motion of the platform is proposed. The method of optimal synthesis of the leading 

kinematical chain of the hydrocylinder is explored and a multiobjective design is 
realized on the basis of Sobol-Statnikov’s technique. Because a general solution of the 

modern theory problem of dynamics and strength of machines is absent, it is an actual 

problem. ©20xx Journal of Mechanical Engineering. All rights reserved.  
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INTRODUCTION 

 

 In many technological processes, especially in construction/installation and building repairs, mechanized 

load-lifting mechanisms are in great demand (Ascheulov, A.V., 2006; Mahozhev, M.M., 2007; Eliseev, A.K., 

2006; LIFT Trudler, M.V., 1986; Saldaev, А.M., 2007; Koval, E.P., 2007). However, currently, in the industry 

and construction, mostly MOSI-type (similar to trestle sawhorses used in pairs to support a horizontal tabletop) 

and devices built from scaffolding or lumber are used. Equipment of this type is not reliable and takes a lot of 

time to build; therefore, materials are often lifted to the required location by hand.  

 As marketing analysis shows, there are no manufacturers of load-lifting devices in Kazakhstan. Nuremberg 

scissors-type load-lifting mechanisms are produced overseas, but such load-lifting platforms are very dangerous 

and prone to toppling over as their rigidity is poor; moreover, they are very heavy. The main reason for these 

problems is that the mechanism, when in built-up conditions, is close to singularity, imposing a heavy reaction 

on the kinematical chain; thus, the magnitude of the balancing force is very high. For instance, in some 

equipment, it has been observed that the balancing force is 16 times higher than the lifted load. Although a 

mechanism has been previously proposed (Krainev, A.F., 2009), it is intended for use as the hinged mechanism 

for a small-sized tractor for lifting loads weighing up to 300 kg to a height to 3 m (approximate height of a 

haystack). Hence, the following requirements should be taken into account when determining the load-lifting 

mechanism: loads should be lifted on a trajectory close to a vertical straight line because horizontal deviations 

lead to an overturning moment in the axis of forward wheels of a tractor; dimensions and weight limitations of 

the mechanism are dependent on the tractor’s dimensions and loading capacity. 

 In light of this, it is necessary to work on ways to make hydrocylindric chains useful in such load-lifting 

mechanisms. The actual problem is to realize high load-lifting ability, low balancing force, and light 

mechanisms. It is also necessary to obtain the equations of kinematics and force analysis and to write a program 

in MS Excel Visual Basic. 

 

1 Theory: 

 The kinematical scheme of an eight-linked planar load-lifting joint linkage, shown in Fig. 1, consists of 

movable links and nine links in total. Its degree of freedom W is 1. A load-lifting mechanism is constructed on 

the basis of a four-linked planar joint linkage. 
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Fig. 1: Kinematical scheme of an eight-linked load-lifting joint linkage. 

 

 In Fig. 1, the mechanism ABCD is a four-linked planar joint linkage. In this mechanism, point P, which fits 

BC, moves straight in the vertical direction. The height varies from 0.4 to 2.5 m. Next, a link is made to the 

symmetrically inverted A1B1C1D1P1 mechanism via load-lifting platform-7 through point P, and we obtain an 

eight-linked mechanism. Platform-7 in this mechanism describes a linear motion. We will consider this 

mechanism by two means.  

 The lengths of the mechanism are given by lAB = lA1B1 = 0.96; lCD = lC1D1 = 1.61; lB1P1 = lBP = 2.08; lBC = 

lB1C1 = 0.49; lAK = 0.91; lBK = 0.21; lA1P = 0.89. The absolute coordinates of leg joints XA = 0.337, XP1= 

−0.55м, XD = 1.5м, YA = 0, YP1 = 0, YD = 0 are constant. 

  

2 Experimental Results: 

 The main difference between our mechanism and conventional planar linkages is that the hydrocylindrical 

chain connects two movable links. The input kinematical chain KLM is a hydrocylindrical chain consisting of 8 

links and 9 links. In a conditional Assur group, the number of links is 8 and the number of joints is P5 = 12. 

Hence, the degree of freedom in a conditional Assur group is W=3·8-2·12 = 0. Thus, the examined conditional 

Assur group is kinetostatically defined. We can write three equality equations for each of the 8 links (forces and 

moment equality), and the number of unknown reactions is 24 (each of the 12 joints have two unknown 

reactions). 

 As external forces, only consider iF , weight force acting on each link at iS
, center of mass, i =1,...,8. For 

the kinetostatics analysis, assume that the locations of all links are known. This means that we assume that the 

absolute coordinates of all joints as well as the absolute coordinates of all mass centers ii YsXs , are known. 

 Among the given external forces, the force acting on link 7 consists of gravity force and the gravity force of 

a useful load because it is a load-lifting platform.  

 To formulate an equality equation, let us consider the forces acting on the ABK triangle in the mechanism’s 

scheme. The equilibrium force 
0
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yiF
 on link 1 will be 
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Thus, we formulate 24 equations with 24 unknown reactions.  

 The mass of the links is proportional to the length and the values are as follows: m1 = 40 kg, m2 = 40 kg, 

m3 = 130 kg, m4 = 130 kg, m5 = 70 kg, m6 = 130 kg, m7 = 500 kg (i.e., platform’s mass is 500 kg), m8 = 50 

kg; as it is a pair of mechanisms, the platform carries 1000 kg of weight. 
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 Representing unknown reactions as vectors 







 2 42 , . . . . .1 , RRRR

. To determine the reactions, write the 

equilibrium equation in matrix form: FRA


  , where A is the main matrix 24 × 24, R is unknown, and 

F


represents right-side forces. 

 

Equation based A - main elements of the matrix:  

A(1, 1) = 1: A(1, 3) = 1: A(1, 5) = 1 A(2, 2) = 1: A(2, 4) = 1: A(2, 6) = 1 

A(3, 3) = YA - YB: A(3, 4) = XB - XA: A(3, 5) = YA - YK: A(3, 6) = XK - XA 

A(4, 3) = -1: A(4, 7) = 1: A(4, 9) = 1 A(5, 4) = -1: A(5, 8) = 1: A(5, 10) = 1 

A(6, 3) = YB - YC: A(6, 4) = XC - XB: A(6, 9) = YC - YP: A(6, 10) = XP - XC 

A(7, 7) = -1: A(7, 11) = 1  A(8, 8) = -1: A(8, 12) = 1 

A(9, 7) = YC - YD: A(9, 8) = XD - XC 

A(10, 13) = 1: A(10, 15) = 1 A(11, 14) = 1: A(11, 16) = 1 

A(12, 13) = YD1 - YC1: A(12, 14) = XC1 - XD1 

A(13, 17) = 1: A(13, 19) = 1  A(14, 18) = 1: A(14, 20) = 1 

A(15, 19) = YB1 - YA1: A(15, 20) = XA1 - XB1 

A(16, 13) = -1: A(16, 17) = -1: A(16, 21) = 1  

A(17, 14) = -1: A(17, 18) = -1: A(17, 22) = 1 

A(18, 13) = YC1 - YP1: A(18, 14) = XP1 - XC1 

 A(18, 17) = YB1 - YP1;A(18, 18) = XP1 - XB1 

A(19, 9) = -1: A(19, 15) = -1: A(19, 19) = -1: A(19, 23) = 1 

A(20, 10) = -1: A(20, 16) = -1: A(20, 20) = -1: A(20, 24) = 1 

A(21, 9) = YP - YD1: A(21, 10) = XD1 - XP: A(21, 19) = YA1 - YD1 

A(21, 20) = XD1 - XA1: A(21, 23) = YD1 - YL: A(21, 24) = XL - XD1 

A(22, 5) = -1: A(22, 23) = -1   A(23, 6) = -1: A(23, 24) = -1 

A(24, 23) = YL - YK: A(24, 24) = XK – XL 

F - right-side force elements of the matrix: 

F(1) = -FX1: F(2) = -FY1: F(3) = -FX1 * (YA - YS1) - FY1 * (XS1 - XA) 

F(4) = -FX2: F(5) = -FY2: F(6) = -FX2 * (YC - YS2) - FY2 * (XS2 - XC) 

F(7) = -FX3: F(8) = -FY3: F(9) = -FX3 * (YD - YS3) - FY3 * (XS3 - XD) 

F(10) = -FX4: F(11) = -FY4: F(12) = -FX4 * (YD1 - YS4) - FY4 * (XS4 - XD1) 

F(13) = -FX5: F(14) = -FY5: F(15) = -FX5 * (YB1 - YS) - FY5 * (XS5 - XB1) 

F(16) = -FX6: F(17) = -FY6: F(18) = -FX6 * (YP1 - YS6) - FY6 * (XS6 - XP1) 

F(19) = -FX7: F(20) = -FY7: F(21) = -FX7 * (YD1 - YS7) - FY7 * (XS7 - XD1) 

F(22) = -FX8: F(23) = -FY8: F(24) = -FX8 * (YK - YS8) - FY8 * (XS8 - XK) 

 To solve the equilibrium system, we wrote a Visual Basic program using the Gauss method in Microsoft 

Office Excel software. The program determines the mechanism’s reactions and ten values are placed in a table.  

 

2.1 Optimal design of hydrocylindrical chain:   

 Now let us consider the main objective of our search for a solution to our problem. In the mechanism 

scheme, the hydrocylinder connects the AB link and the platform. Considering the hydrocylindrical chain, we 

effectively calculate the mechanism’s force transmission. For that reason, we determine the hydrocylindrical 

connection points where the value of 81
RFgener

 force is minimum. In addition, we determine the values of 

maxmi n )(  ,)( KLKL
. 

Formula to determine the length of a hydrocylindrical chain is as follows:  

   22
LKLK YYXXKL   

Now, we evaluate the absolute coordinates of the K and L kinematic pair: 









cos_sin_1

sin_cos_1

cos_sin_ 

sin_cos_

1

1

locylocxYDYL

locylocxXDXL

locylocxYAYK

locylocxXAXK

LL

LL

KK

KK









 

 Varying parameters locylocx KK _,_  and locylocx LL _,_  are local coordinates of the K and L joints. To 

find the minimum force in the hydrocylinder, we use three criteria. The first criterion, C1, is equal to the 

maximum values of all reactions; the second, C2, is equal to the maximum value of the equilibrium force in the 

hydrocylinder, and the last, C3, is an additional condition solving constructional limits.  

C1 = Rmax   C2 = Fур    C3 = KLmax / Klmin 

The constructor chooses the right and left limits for these criteria.  
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1-stage. To check the capabilities of the mechanism, we choose the limits thusly:  

0 < C1 < 80000 0 < C2 < 45000  0 < C3 < 1000 

We can change the values of variation variables ЛП -sequence by using the generator: 

.1 6,01,0_;1,21,0_

;2,01,0_;2.13.0_





lo cylo cx

lo cylo cx

LL

KK

 
We substitute the Lptau subroutine into the Sub pos() program and calculate.   

 

3 Results: 

 We can obtain 644 mechanisms if we verify 32000 ЛП
 points. The table is shown below in ascending 

order. Four mechanisms were chosen, and their parameters are given in Table 1. Finally, only one mechanism 

was chosen (Table 2).                         

 
Table 1: Selected mechanisms. 

Alpt xK-Loc yK-Loc xL-Loc yL-Loc Ф1 Ф2 Ф3 KLmin Klmax 

8437 0.915 0.197 0.912 0.007 29145 21131 1.74 1.01 1.75 

5797 0.882 0.195 1.080 -0.034 29755 27476 1.58 1.13 1.78 

12601 0.850 0.182 1.042 -0.023 28400 24688 1.70 1.06 1.80 

 

Table 2: Selected mechanisms. 

Alpt xK-Loc yK-Loc xL-Loc yL-Loc Ф1 Ф2 Ф3 KLmin Klmax 

8437 0.915 0.197 0.912 0.007 29145 21131 1.74 1.01 1.75 

 

4 Discussion: 

 We have discussed in previous work of Ibraev (Ibraev, S.M., A.T. Nurmagambetova, 2007; Ibrayev, S.M., 

1996) lifting mechanisms based on the mechanism of Nuremberg scissors with different variations of the 

drive scheme. As noted above, achieving the desired transmission mode power with this scheme is very 

difficult. Furthermore, the use of translational kinematic pairs creates structural complexity, and the console 

configuration in the top position of the mechanism is not favorable from the viewpoint of stability. An 

alternative is to use the kinematic scheme of lifting mechanism of the hinge-lever mechanism with eight-

membered nearly straight-forward motion platform.  

 

5 Conclusion: 

 The scientific novelty of the load-lifting device model we proposed is the increased rigidity compared with 

existing devices, because the platform and base are connected to the actuator by three joints. In addition, 

constructional complexes of progressive kinematical pairs of rollers are eliminated. This can be summarized as 

follows: 

• Increased stiffness compared with existing devices, because the platform and base are connected to the 

actuator by means of three joints. 

• Efficient power transmission in drive in a lower position, less than three times that of analogs. 

• Simple construction: the translational complex kinematical pairs are eliminated (no rollers, friction, etc.). 

• Stability is high: the loading platform is more stable at elevated positions. 

 Prospects for further research in this area include the creation of scientific engineering and design offices 

for the organization of domestic developments in the design of lifting devices. The creation of a scientific and 

technological basis for achieving the objective of the engineering industry of the Republic of Kazakhstan. The 

development of new technology import products.  
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