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Abstract: Among the bi-mobile mechanical planar systems, the five element mechanisms are 

largely applicable, used either as trolley of the electrical drive vehicles, or as machines for 

reproducing some drawings at the wanted scale or for copying some profiles in the field of 

machine –tools. The developing of the parallel manipulators lead to the five-element mechanisms 

to be included in this category, which resulted into extending the applicability of these systems in 

robotics. A study regarding the fields of usage and proficiency of the assimilation and exploitation 

of the bi-mobile manipulators in technique is presented in the paper. 
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1. INTRODUCTION 

 

On the spiral of the quality of a new product, a first stage is that of identifying the 

necessities [1]; satisfying a necessity is the starting point in human consumes psychologically 

and socially. The man, being aware of the necessity of a product or service, makes an effort 

and becomes a costumer. The next stage is the market study. There are two categories of 

marketing studies [2]: 

a) Assessment of the market, segmentation and positioning. 

b) Assessing and testing the impact of the policy of the product, the price the promotion 

and distribution. In the present paper, the goal is to identify the necessities for a family of 

manipulators which has as a basic modality, the five element mechanism. 

 

2. THE OBJECTIVE- FUNCTION AND THE RESTRICTIONS IN PROJECTING 

AND EXPLOITING OF A MANIPULATOR 

 

Formulating the objective function and the restrictions takes into consideration 

technical, economical and social aspects. The calculus relation of the net value which is 

adjusted to the manipulator is given by relation [1]: 

  (1) 

in which VNA - is the updated net value; FNi – the net liquidities flux in the year i; r-the 

updating rote; FNn– the liquidities flux in the year n; n – the number of years of functioning; 

VI – the value of the investment; r – the updating rate. 

For the projecting stage of the manipulator, the objective function to be maximized is: 

   (2) 

The relationship in which: Vi – represents the incomes obtained in exploiting the robot in the 

year i; Ci – the expenses achieved in exploiting the robot in the year i; Vn – the income 

achieved, by selling the robot or its components as a result of dismemberment (in the yearn); 

V0 – the price of the robot, the value of the investment. 
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The restrictions regarding the projection and the exploitation of the manipulator can be 

concentrated under the form: 

   (3) 

where: na is the number of normative acts which set the offences to be done by 

projection; nk – the number of offences done by breaking the normative act k, as a result of 

projection defaults. As an example of a normative act, one can mention the Criminal Code, 

published in official Monitor, Part I nr. 575 from 29/06/2004; according to the article 243 it is 

considered an offence the fact that no away with the danger of producing the following types 

of events: 

nam – work accidents; 

nip – professional sicknesses. 

As a result, these restrictions (to which one can add some others on the basis of practical 

experience) can be written under the form: 

0n

0n

ip

am    (4), 

where n represents the number of employment of the manipulator. 

During the exploitation of the manipulator, the objective function and the variables 

which interfere in its structure, Vi, Ci, Vn, V0 and n, are functions not only of the structure of 

the projected robot its factures of proficiency, loneness and friability, but also of charging 

work on that robot. 

In order for the yearly income Vi achieved with the help of a manipulator, to be as high 

as possible, if is necessary that the services, the technological operations that can be carried 

out, to have an as high as possible volume and to be as very well paid. 

 

 

3. MODULARIZATION OF THE FAMILY OF MANIPULATORS 

 

In order to lower the cost of the manipulator, in the conditions in which the fiability for 

the n years of functioning is satisfying, modularization it is recommended, so that the series of 

execution of its components to be as high as possible. Modularization also has the advantage 

of the short term for delivering the product; this advantage is very important for the work 

machines, because the beneficiary of the manipulator can lose the commends for the 

operations, until the arrival of the product, due to the dynamics of the arrival of the product, 

due to the dynamics of the markets. 

The principles of modularization are: 

a) The constructive kinship obtained by derivation from the basic mechanic system, of 

the constructive variants by reusing some special sub-assemblies; convertible elements. 

b) The optimization of the typo-dimensional series, in order to optimize the 

modularization, the following sets are considered: 

- the amount of size of works to be carried out, ML = {1,2,…,n}; 

- the volume (quantity) of these works ψj, j= n,1 ; 

- the set of sizes of „mechanisms - machines”, MS  
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There are three problems of unification: 

I. The carrying out of each work from the given complex with robots of a single type. 

II. Using the same constructive elements in robots of different typo-dimensions. 

III. Determining the optional systems of mechanisms machines (including robots) and 

of the belonging sub-assemblies, for the execution of the complex works with different 

mechanisms - machines. 

 

4. DOMAINS OF USING THE PANTOGRAPHS 

 

An example of mechanical system having two degrees of mobility, with a large practical 

usage was, and still is, the pantograph; this is a five–element mechanism with specific 

properties connected to the relations between it elements. 

By definition, the pantograph is a mechanic system which is used in reproducing a 

drawing, a plan, etc, at the same size or at a different scale. The classical pantograph has a 

feeler which follows a copy model and a relatively complex structure. In the paper, one 

proposes the use of the achievements in the field of the production processes robotics, by 

replacing the copy by „reading” the model with the help of a feeler which can be taken by the 

robot from the tools store, as any other tool, after reading the model, the program is to be 

carried out in order to be reproduced in a number of copies, equal or higher than the 

demanded one, the program can be memorized and used to execute new commends for the 

necessary taking over, when they appear. Another great advantage of this method is the 

possibility of taking over the model on the computer, from external memories floppy disk, 

CD; DVD or from the INTERNET, INTRANET, etc. 

From the documentation on the typo-dimensions of works to do with the pantograph, 

we have reached the following conclusions. 

1) Joinery in PVC and aluminium 

A pantograph with two engines A 23A [4] 

Its characteristics are: 

- Two working corners; 

- It uses a universal copying pattern; 

- Pneumatic connection of the semi-manu-facturer, with two pneumatic cylinders, 

horizontally situated. 

- A three different diameters of feeler; 

- A 5 mm cutter; 

- The piercing corner uses three borers from 12-14-12; 

- By selection with lateral stoppers; 

- Centering device; 

Other variants of pantographs are offered by ALUMIL ROM INDUSTRY. 
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Fig. 1   Fig. 2                            Fig. 3       Fig.4 

 

In Fig. 2, a pantograph PT200 is presented, in Fig. 3 PT320 pantograph, in Fig. 4 

PTX400 pantograph, in Fig. 5 a PTX2600 pantograph, and in Fig. 6 a pantograph in three 

dimensions PTX2600 3D, derived from PTX2600 from the catalogue of the firm. 

PantographPT 200 is a manual pantograph with pneumatic screw vice. Pantograph PT 320 has 

two variants, a variant with manual operation with a pattern and a variant with pneumatic 

usage. PantographPTX 2600allows for the adjustment of the speed according to the material 

to work with; it has an adjustable work field, with the possibility of rotation up to 90 degrees. 

 
       Fig. 5                                    Fig. 6         Fig. 7 

 

The firm PENMAK [5] offers two typo-dimensions of pantographs for processing the 

aluminum profiles or PVC: 3KD and 3KDS.  

This equipment is used to create shelters for profiles, headed towards spaniolets, hubs 

and quartzes as well as systems of water draining in the PVC and aluminum joinery. The 

system of fixing of the semi- manufacturer uses pneumatic land- marks. The length of the 

perforation needles is of 120 mm; as a result, one doesn’t need to twist the profile. The 

computer allows for the selection of each and every operation; the technological process is 

automatic. 

Optionally, the product can be endowed with a system of cooling the aluminum 

machine parts to be worked with. 
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PENMAK 3KDS, is a pantograph with three positions, used for creating placeswith 

hinges, handles of the system of water leakage, necessary for joinery operations in aluminum 

or PVC, one can execute operations according to a previewed model or one chosen by the 

customer. It is endowed with the system of fixing the profiles with pneumatic landmarks. 

 
Table 1 PENMAK pantograph characteristics  

Pantograf 3KD Pantograf 3KDS 

The standard voltage 380 V  

The frequency 50 Hz  

The power of the engine 0.55 KW  

The pressure of the air  min. 5 bars 

The consumption of the air min. 0.70 

liters/minute 

The height of the cutters 120 mm  

The revolution 34.000 rotations / minute 

The width of the machine 710 mm  

The length of the machine 700 mm 

The height of the machine 1.410 mm 

The weight of the machine 117 Kg. 

The standard voltage 380 V 

The frequency 50 Hz 

The power of the engine 2.25 KW 

The pressure of the air  min. 5 Bari 

The consumption of the air min. 2.80 

liters/minute 

The height of the cutters 120 mm 

The revolution 34.000 rotations/minute 

The width of the machine 810 mm 

The length of the machine 850 mm I 

The height of the machine 1.410 mm 

The weight of the machine 134 Kg. 

 

2) The processing of wood and wood derivatives [7] 

In order to process wood, and its derivatives for example PAL, PDF etc., we use the 

pantograph, for copying after a pattern on automatic lathes in Fig. 8, such a lathe is presented, 

brand REICHENBACHER, having the following 

characteristics:  

 
 

                                            Fig. 8                                                                                           Fig.9 
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-number, simultaneous working ends: 6 pieces; 

-maximal working size:  

o length:  900mm;  

o diameter: 160mm; 

- Pneumatic- electrical control; 

- endowed with frequency converter; 

-installed power: 6 x 2,6 kW; 

3) Engraving 

The pantograph is used to make an assisted engraving on computer VIA laser or with an 

adamantine end on plastic supports, marble, wood, leather [8]. 

4) Placement and searchlight orientation 

The pantographs also used to optimize the illumination in studios VIDEO-FILM-TV; in Fig. 9 

a pantograph DUO is presented, which can manipulate objects having the mass up to 40 Kg 

with the trap on the height of maximum 6 m. 

5) Processing artificial teeth 

 

 
a) b)      

Fig. 10 

 

Using the procedure Celay (Mikrona Technology AG, Spreitenbach, Switzerland), a model 

from a coffee mill is being copied with the help of a profilometer (Fig. 10 a), which orders the 

movement of a micro-engine having an adamantine cutter in order to execute the integral 

ceramics prosthetic piece, out of a ceramics block. 

 

 

5. CONCLUSIONS 

 

It follows from this documentation that the principle of the pantograph is largely used, at 

present, for the following types of operations: 

-processing by copying wood, and wood derivatives (PAL, PDF etc.), joinery of the 

aluminum profiles or PVC. 

- positioning of the objects in large spaces; 

In order for the new assimilation of the new product to be efficient, it is necessary to 

choose the robotic operations, so that the resulted prices from the market situation (high 

demand and low competition), to be high enough so as to cover the expenses of market 

assimilation and release. Such operations, which can be carried out (with the help of robots 

derived from the basic structure with a five element mechanism); when identified, these are: 
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- processing by following a real model of the pieces token from materials which exhale 

toxic products during the processing act, which imply a high risk of professional diseases; 

- carrying out construction or maintenance of very large surfaces, in which the structure 

RR is amplified at the basis, can be of the type of cranes for containers, adjusting the cables in 

order to prevent the balance movement as a result of the dynamics of the robot. Such surfaces 

are: 

- the facades of the blocks of flats or of some other buildings extended on large 

surfaces; 

- the surfaces of the barrages in contact with the water or air; 

- the field surfaces with a great inclination, on which it is necessary funding, the 

following are necessary; 

- obtaining subventions to avoid disasters, work accidents or professional diseases; 

- obtaining funds out of the carrying out of ads of small dimensions or situated on large 

surfaces(imprinted on the walls of blocks of flats which need repair of the facades or 

ornamental planting with ten names of those brands, are cliffs creating to important routs, for 

example Prohova Valley) 
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