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Abstract 

The mathematical model of Forestry Felling & Cultivation Machine Transmission 

System describes the relationship between chassis transmission system and dynamic 

property by mathematical expression. Models reflect the relationships among the 

composing units of chassis transmission system, each units variable quantities and 

external environment elements. 

The mathematical model of Forestry Felling & Cultivation Machine Transmission 

System must be built before testing the performance of machine chassis through computer 

simulation. 

This paper mainly elaborates each composing unit of chassis dynamic transmission 

system and its mathematical models. Then, utilize MATLAB/ Simulink software to 

calculate and simulate its usability. 
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1. Introduction 

This paper mainly use mathematical method in building mathematical models of each 

unit of WCFJ30-I Forestry Felling & Cultivation Machine transmission system, then 

divides the system into separated independent composing units based on mathematical 

models. By operating MATLAB/Simulink software and adapting backward simulation 

methods, dynamic simulation models of each composing units of Forestry Felling & 

Cultivation Machine transmission system can be formed. Thus, when input the chassis 

system paraments, the simulation of transmission system be triggered.  

 

2. Transmission System Structure of Felling & Cultivation Machine 

According to the design scheme of WCFJ20-I Forestry Felling & Cultivation Machine, 

the hydrodynamic transmission system is used in the chassis drive train. 

The structure includes a diesel engine, a single-stage single-phase three-component 

type torque converter, a mechanical gearbox, a transmission shaft, a wet front and back 

drving axle and engineering tires, etc. 

Hydrodynamic transmission system scheme of WCFJ30-I is shown in Figure 1. 

The chassis transmission system is a complex system, establishing an accurate 

mathematical model is the key for an appropriate simulation analysis. Although refining a 

mathematical model and improving the accuracy of input parameters are the common 

methods, over refining a model will increase the amount of calculation and make it more 

complex, which will eventually affect the real time performance and generality of the 

model. Meanwhile, accurate input parameters excessively depend on the test preparation 

which is limited by the objective conditions. Most currently adopted modeling schemes 

aim to solve specific problems without affecting other factors and establish more neutral 

models. 

Based on the WCFJ30-I Forestry Felling & Cultivation Machine, this paper analysis 

the formation and transmission process of the power, which enable us to build the 

mathematical model of each composing unit. 
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Figure 1. Hydrodynamic Transmission System Scheme of WCFJ30-I 

2. Felling & Cultivation Machine Mathematics Modeling 
 

2.1. Engine Mathematics Modeling 

Engine, which is the motive power output of chassis, its performance determines the 

whole drive performance of the machine. Thus, before making simulation analysis for the 

drive performance, right mathematical description for engine performance should have 

been built. There are two common methods for modeling engine: one is establish the 

connection between engine characteristics and input variable, which based on the 

theoretic calculation for thermodynamic cycle and the analysis for operational mechanism 

of the engine. This method is mainly applied in developing engine; the other is gathering 

steady-state experiment data of engine by practical testing at first, then establishing 

engine experimental model by looking up tables or fitting formulas. This method is 

widely used in engineering field out of its convenience and accuracy in modeling.  

This paper establishes mathematical model of the diesel engine of Felling & 

Cultivation Machine according to the establishment method of experimental model of 

engineering machines.  

(1)Mathematical model of external characteristic for engine.  

Engine torque of external characteristic of engine Te is expressed by the function of 

engine speed n. So the polynomial expression of mathematical model for external 

characteristic of engine is (YU, 2000): 

In formula:  

 

 

Aj-polynomial coefficient, 

K-polynomial degree. 

In certain time intervals, engine bench test is conducted in the conditions of different 

throttling levels, Mathematical representation of discrete matrix for test point: 

Engine torque: [Te] = [Te1 , Te2 , Te3 … Ten] ,  

Engine speed: [ ne ] = [ne1 , ne2 , ne3 , … nen]. 
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(2) Mathematical model of universal characteristics for engine 

When engine work under the stability condition, relationship between its specific fuel 

consumption rate and its speed and torque go by the name of Engine universal 

characteristics, Mathematical expression. ( Zeng. 2005) 

In the formula: 

 

 

 

 

ak – fitting coefficient, in which, 

S – surface fitting order. 

(3) Engine dynamics mathematical model 

Mathematical expression for engine dynamics is shown as follow: 

 

 

 

In the formula: 

– flywheel inertia  
2

k g m  

– crankshaft speed(rad/s)  

 – torque loss of accessories 

 – output torque of engine 

 

Single-stage single-direction three-element torque converter is adopted in WCFJ30-I 

Felling & Cultivation  Machine. 

 

 

 

 

 

 

 

Figure 2-1. Hydraulic Torque Converter Dynamic Model 

In figure, D

P
T  is pump impeller axis dynamic torque, 
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T  is pump impeller dynamic 
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I  is pump impeller equivalent rotary inertia, 
p

n  is pump impeller rotational 

speed, 
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 is turbine shaft dynamic torque in unsteady condition, 
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 is turbine 

dynamic torque, I


 is turbine equivalent rotary inertia, n


 is rotational speed, hydraulic 

torque converter can be established based on this (Chang et. al., 2006): 

 

 

 

 

 

It can be known from the characteristics of hydraulic torque converter that, 
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In formula: 

: pump impeller dynamic torque coefficient 

: operating fluid density  

: circle ring diameter 

: dynamic torque converting ratio 

 : transmission ratio 

Two formulas constitute the mathematical model of hydraulic torque converter of 

Felling & Cultivation Machine. In common place, regardless of significant deviation, 

steady characteristics of hydraulic torque converter can directly substitute for its dynamic 

one. 

This paper mainly considers the moment of inertial generated by equivalent inertia of 

turbine. Under the current transmission ratio i, dynamic λp and K can be given by the 

initial performance curve of the hydraulic torque converter, which enable us to operate the 

simulation analysis as calculating the dynamic hydraulic torque of pump impeller and 

turbine. Meanwhile, the equivalent rotary inertia of pump impeller should ignored 

(Hrovat, D. 1985; Tsangarides, M.C. 1994). 

 

2.2. Gearbox Modeling 

Mathematical model of gearbox for forward path input shaft. (Randall Donn Senger, 

1997): 

 

 

In formula: 

   : transmission efficiency of gearbox. 

 

Mathematical model of gearbox for backword path input shaft as follow: 

 

 

In formula: 

Tgo : gearbox output torque( N•m); 

Tgin: gearbox input torque( N•m); 

Tgf : gearbox torque loss ( friction for example)(N•m ); 

Ig  : gearbox moment of inertia; 

  : gearbox input rotational speed( rad/s); 

Tgi: gearbox moment of inertia(N•m),            ; 

ig : gearbox transmission ratio. 

 

Mathematical model of gearbox for rotational velocity changes 

 

 

In formula,  

ωgo: gearbox output rotational velocity(rad/s) 

 

3. Dynamic Characteristics Modeling and Simulate Analysis of Chassis 

Transmission System of Felling & Cultivation Machine 
 

3.1. The Method of Transmission System Model for Force Transmission of Felling 

and Cultivation Machine Chassis 

Forward and backward simulate analysis are the frequently used method for simulation 

process of chassis transmission system, as shown in Figure 3-1. 
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Figure 3-1. Simulation Process of Chassis Transmission System 

Driver model is unnecessary in backward simulate analysis, torque and rotational speed 

required by wheels are determined at first in the model system under the given condition, 

then from layer to layer the actual torque and rotation of each part in the transmission 

system can be calculated from the corresponding sub system. As the actual torque and 

rotation are counted, the engine model can apply in computing the characteristics of fuel 

consumption and exhaust emission. 

In this structure, the torque for driving vehicle is calculated in real-time of every 

time-step according to the demand of operation cycle, and then pass on the calculation 

along the opposite direction of the practical torque transfer path. According to the 

determined energy management strategy, the controller transfers power that needed for 

vehicle to power source by the form of requirement value after distributed, thus control 

realized. 

Backward simulate structure mainly use simplified calculation method of look-up table 

due to its characteristics of reverse-direction calculation, which enable transmission 

system simulate model established on a kind of quasi-static base, and ignore the transient 

state change process of power transmission system in practical, which reduce the 

requirement for integral. As the low-order solver is generally applied in emulation 

calculation (e.g., Euler formula method), corresponding calculation with larger step is 

chosen, which may increase the simulation efficiency. 

This paper selects backward simulation method base on the test condition of project.  

According to the mathematical model framework of transmission system of Felling & 

Cultivation  machine chassis, simulation model of chassis transmission system is 

established in MATLAB/ Simulink in this paper. The model consists of three independent 

modules include: diesel engine, hydraulic torque converter and mechanical gearbox. 

Hydrodynamic transmission system of Felling & Cultivation Machine chassis is 

connected according to the interface relationship between various parts as shown in 

Figure 3-2 

 

Figure 3-2. Transmission System Simulation Model of WCFJ30-I 
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3.3 Diesel Engine Model 

Output torque and rotational speed of engine are simulated with engine model 

according to the input value include specified working condition signals of engine, 

throttle signals and feedback vehicle speed, its model is shown in Figure 3-3. 

 

Figure 3-3. Engine Model 

Sub-module of engine torque calculation is shown in Figure 3-4. 

Sub-module of engine rotational speed calculation is shown in Figure 3-5. 

 

 

Figure 3-4. Sub-module of Engine Torque Calculation 
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3.4. Hydraulic Torque Converter Model 

The function of hydraulic torque converter model is to calculate the torque and 

rotational of engine transmission power by receiving the output power signals of engine, 

and simulate the role of hydraulic torque converter for automatic step-less speed change 

and torque converting when the hydraulic torque converter at the certain rotational speed 

range, according to the driving resistance variation and operation resistance variation 

(Hrovat.D. 1985). 

Shifting torque sub-module need to be added to the hydraulic torque converter module, 

to make the hydraulic torque converter to identify shifting control system command, and 

determine the output torque value of turbine, the model is shown in Figure 3-6. 

 

3.5. Gearbox Model 

The main function of gearbox model is to simulate the gearbox control system, shifting 

is operated according to the requirement of Felling & Cultivation Machine working 

condition, taking account of energy loss and moment of inertial loss such as mechanical 

friction and so on, it change the torque and rotational speed which is transmitted from 

engine to drive wheel (Dong, Y, 2002) as shown in Figure 3-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5. RPM Computing Submodule 

 



International Journal of Multimedia and Ubiquitous Engineering 

Vol. 10, No. 3 (2015) 

 

 

276   Copyright ⓒ 2015 SERSC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-6. Hydraulic Torque Converter Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-7. Transmission Model 
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3.9. Dynamic Simulation Analysis for Transmission System of Felling & Cultivation 

Based on the transmission model in this paper, taking the parameter of the power 

system of WCFJ30-I Felling & Cultivation  machine chassis, simulation analysis for 

chassis is carried out through MATLAB/ Simulink software when the working condition 

are forward first gear, forward second gear and backward first gear respectively, then 

contrast between the actual measurement curve and simulation curve for chassis. 

Some parameters in each model are adopted directly from existed results which shared 

by researcher who use the same device, others are from transmission system models and 

actual measurement data provided by related project units.  

The result of comparison analysis is shown in Figure 3-8 to 3-13. 

 

Figure 3-8. Engine RPM for Acceleration Run 1 

Figure 3-9. Fore/Aft Acceleration for Acceleration Run 1 
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Figure 3-10. Engine RPM for Acceleration Run 2 

Figure 3-11. Fore/Aft Acceleration for Acceleration Run 2 

Figure 3-12. Engine RPM for Reversal 
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Figure 3-13. Fore/Aft Acceleration for Reversal 

It can be seen from Figure 3-8 to Figure 3-13 though there are certain error between 

simulation result and actual measurement result, most of them are basically consistent 

with each other, while the sudden change of waveform is caused by throttle variation 

when testing, furthermore, the period of time of simulation testing is the same with the 

actual measurement, from which indicates that the simulation program has accuracy that 

is established based on mathematical model.  

The engine rotational speed error at different shift is caused by the mathematical model 

error of engine external characteristics, the total torque error of transmission shaft is 

caused by ignoring the small power split on other parts of engine, simulation acceleration 

error is caused by ignoring the shifting operation time in simulation calculation. 

 

4. Conclusions 

1. In this paper, mathematical methods are used to establish mathematical models of 

each part of Felling & Cultivation machine chassis transmission system, then divide the 

Felling & Cultivation Machine chassis transmission system into several independent 

composing units base on that model. 

2. Using adopting backward simulation method, which based on MTLAB/ Simulink 

software, to establish each part of dynamic simulation model of Felling & Cultivation 

Machine chassis transmission system, then combining each model to an entire dynamic 

simulation model of chassis transmission system. 

3. Take MCFJ30-I for instance, simulate analyze the transmission system by utilizing 

MCFJ30-I as input values，then contrast the chassis actual measurement data to confirm 

its reliability and practicability. 
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