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Abstract: the article analyzes the forces that arise in the carriage and suspension by the example of a
motorcycle. There is the determination of forces that arise in the carriage and suspension in the early stages of
design. The algorithm is proposed to be used to determine the forces. This algorithm is based on the program
writing in the programming language Python. Input data for the determination of forces are geometric
dimensions of a vehicle, weight of a vehicle, characteristics of a ground and a driving mode of a vehicle.
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ONPEJEJIEHUE CUJ B Y3JIAX HECYIIUX CUCTEM U HAIIPABJIAIOIETO
YCTPOUCTBA ITIOJABECKHU TPAHCIIOPTHBIX CPEJACTB
byiinauyes CK.1 Cycaosa K.B., Tpycos A K.? (Poccuiickas denepanus)

'Byiinaues Cepeeii Konemanmumnosut - KanOudam mexHuueckux Hayk, 0oyeHm,
Kagedpa demaneil Mawiun;,
szmoea Kcenus Bauecnasosna - cmyodenm-oaxanasp,
Kapeopa uUHOCMPAHHBIX SI3bIKOG,
3prcoe‘ Anexcanop Koncmanmunosuuy - mazucmp,
Kageopa opeanuzayuu MawmUHOCMpPOUMeIbHO20 NPoU3800CMead,
Vpanvcruii pedepanvhviii ynusepcumem um. nepgoeo Ilpesudenma Poccuu b.H. Envyuna, e. Examepun6ype

Annomayua: 6 cmamve aHATUSUPYIOMCA PeAKYUU 8 Y31aX KOHCMPYKYULI HeCywux CUCmeM U Hanpasiaueo
yempoticmea noosecku Ha npumepe momoyukia. Paccmampusaemcs memoo omnpedenenus peakyuii 8 y3iax
KOHCMPYKYUI HECYWux CUucmem U HANpasiaouezo yCmpoucmsea no08ecku Ha pAHHUX IMANAax npoexmupo8anus.
s onpedenenuss peakyuu npeoiazaemcsi 60CNOAL3I0BAMbCA ANCOPUMMOM, HA OCHO8E KOMOPO20 8 Kayecmee
npumepa HANUCAaHa NPospamma Ha sizvike npozpammuposanus Python. Hcxooneimu oannvimu ons onpedenenus
AGNAIOMCA  2e0MempuiecKue pasmepvi MpPAHCHOPMHOZ0 CPeOCmed, MAacca MpaAHCHOPMHO20 Cpedcmad,
XapakmepucmuKxy ONopHOU NOGEPXHOCIU U PEXCUMA OBUICEHUSA MPAHCHOPIMHO20 CPEOCMEa.

Kntoueswie cnosa: nodgecka, Hecywas cucmema, Hecywas cucmema, onpedenenue cui, momoyuxn, Python 2.7.

Arising in the carriage and suspension forces, geometric dimensions and weights of elements or the entire
vehicle must be determined for making the strength test of vehicle and selecting the section that will be arisen by
these forces. The strength calculation can be made only after these actions.

In the initial stages of the design of vehicles, we face the problem with lacking of information to select the
section for making design calculations.

Approximate geometric dimensions, places of fastening parts of the vehicle and the characteristic points with
the suspension are known in their initial design but it does not allow making full calculations.

The existing methods of calculation were based on the CAD / CAE-systems that require a high power of the
computing machinery, a large amount of input data (for example, 3D model), the ability of creating the correct
constructions of 3D models and making the CAE calculations. However, it takes a lot of time.

The way of solving the problem is using the program writing in the programming language Python [1].This
program helps to determine the force that arise in the carriage and suspension.

This program includes the algorithm for determine the forces from the elements of the carriage by solving a
system of linear equations.

This is the following information that needs to be known for making the program:

e Geometric dimensions of a vehicle, carriage and suspension;

e Mass of a vehicle or of all elements of a vehicle;



Fig. 1. The block diagram of the program

e Characteristics of support surface and a running mode of vehicle [2].

Figure 1 (the block diagram of the program): 1. Beginning of the program; 2. Task matrix coefficient; 3.
Solution of the system of linear equations; 4. Set results into database; 5. Output results to the screen; 6. The end
of the program.

First, the initial data is entered into the program. There is the wheelbase, the wheel track, the position of the
center of gravity, the traction coefficient, the place of application of a force from elements of the mechanism and
vehicle components, the running mode.

Further, the system under consideration is divided into groups. At this time the forces and mass moments of
elements of vehicle are applied to the groups and forces between groups of elements are exchanged by reactions.
All of these groups have special points. These are checkpoints that help to state static equations.
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After determining static equations, all known forces are taken in the opposite side of equations.

The matrix system of reactions must have the same number of equations as variables, that is, the coefficient
matrix of the system must be square. Otherwise the system will generate an error [1, c. 36]. The coefficients of
the system of linear equations are standing before the reactions. If there are no reactions the matrix coefficients
of these are zero.

The matrix coefficients of the unknowns will take this form: Xy e e Xp
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Matrix with known values will take the form:
M(b)=(b;y .. by
Each value in the matrix M(b) contains all of the known values of the equation.
The decision matrix is produced at the end of its creation.
M, = M(a) - M(b)

Guide to Linear Algebra is used for the decision matrix.

The resulting values will take the form:

M, =(x1 « xy)

The result is displayed by using the exit instruction.

The result of equation solving is the values of forces that are acting on the structure under consideration.

For the determination of forces that arise in carriage and suspension systems of motorcycle this example of
program was created that is writen in the programming language Python.

The carriage and suspension systems are divided into groups. There is a general group (Fig. 2), a steering
shaft (Fig. 3), the carriage (Fig. 4), powertrains (Fig. 5) and a suspension arm (Fig. 6). The relationships between
these groups replace reactions. The equilibrium equations are written for each group. The forces between groups
of elements are exchanged by reactions. The balance equations for each group are written below.
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Fig. 2. The general group

There are balance equations for the general group:
Tyt b T 1y1 " Liy1 =Ty * SIN11° - Ly =15 - cOS11° - L)y =
= Gpy * hGpy1 + Gy SIN15° hGyyq + Gy * €0S15° - hGypy + Gy 0.5 hGyyq + Gy, * 0.5 - hGpy +Gyp - 0.5
*hGypy — va *0.5-hGyz1 + G - hGpy + Gp ' hGpl = Gam * hGam1 — Gpich ' hGpichl
Te1—Tx2 = Gyy " Sin15°
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Fig. 3. The steering shaft

Tyq = SIN15° 4+ Y1 = Gyp - €0S15°1y,1 + 1y = Gpy + Gy * €OS15° + Gy + Gy + Gyp + Gy + G + Gpicn
There are balance equations for the steering shaft:

Xp1* bep1=YVp1 * lypt = Gyn * SIN15° - hGyy+Gyy, - €0S15°* hGyy =Gy, * hGyy,
Typ * €0515°—x,; = Gy * sinl5°



Fig. 4. The carriage

There are balance equations for the carriage:

Xp1* Lot = Xer1  bepr=Xer2 " ez + Yp1 - lyl + Ver1 lyt1_}’tr2 : lytz =
=Gy 0.5 hGpyp + Gy * 0.5 hGp;+Gyp - 0.5 - hGyy + Gy » 0.5 hGy3 +

+Gp - hGpy + Gy - WGy
xpl + xtr1+xtr2 + X3 -sin30°=0
Ypl + }’tr1+Ytr2+Y3 " COS3OO = Gm + Gp + Gb + va
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Fig. 5. Powertrains
There are balance equations for powertrains:
Xer1tXerp + Xop = 0
YeritYer2 = Yop = Gm
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Fig. 6. The suspension arm

There are balance equations for the suspension arm:



—x3 *Sin30° - ly34+y3 - c0530°- L3 — Yop * Lyop — Xop * Lxop =
= Ggm * hGom — Gpich ' hGpich
—Xop—X3 * SIN30° + 71y, - sin11° =0
Y3 €0530° + 1y, - cos11° — y,, = Gam + Gpico
All the known forces are taken in the opposite side of the equations.
Summary
The result is displayed in the form of a matrix with the values of reaction forces, which are then used for the

selection of a bearing and suspension systems. According to the obtained values the most loaded seat are
determined and tested.
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