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Abstract — In this paper we analyzed the structure characteristics and transmission principles of a new type of five - stage gear 
reducer, which is composed of dial forks and oval gears. Using CATIA dimensional modeling software we developed a virtual 
prototype model, and used the ADAMS software to establish the reducer gear transmission system dynamics model. We carried 
out the simulation analysis to get the speed reducer in high speed, medium speed and low speed, and obtained the gear meshing 
force level curve. The dynamic performance of the five stage gear reducer was verified, and it provides the basis for the pumping 
unit reducer and guidance for its fatigue life prediction. 
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I. INTRODUCTION 

 
Gear drive system is the most widely used power and 

motion transmission device in the pumping unit, and its 
mechanical performance and motion characteristics have 
important influence on the equipment [1].And       it receives 
production enterprises and research institutions more and 
more attention. In recent years, with the continuous 
exploitation of oil fields, some of the oil wells have been in 
the middle and later period, the oil quantity is less and less, 
and the phenomenon of average load rate is generally low, 
which cause energy wasting and production costs increasing. 
The traditional method is to solve the problem by adjusting 
the small sprint. But each type of motor has only a few 
sprints can be adjusted, there is not small enough to meet the 
requirements in some of the wells of the supply. 

For oil pumping unit "big horse car" phenomenon, By 
application of the new type of five - level gear reducer, 
which is composed of dial forks and oval gears, a new type 
of - stage gear reducer is used to achieve the purpose of 
reducing the impact load, improving the motor load rate, 
improving the system efficiency and reducing the power 
consumption. To further improve the design efficiency and 
ensure the smooth operation of the reducer, the virtual 
prototype model is built, which is based on CATIA 3D 
modeling software, and the rigid body dynamics model of 
the gear transmission system of the reducer is established by 
using ADAMS software, and carries on the simulation 
analysis, get the speed reducer in high speed, medium speed, 
low speed and gear meshing force level curve, The dynamic 
performance of the five stage gear reducer is verified, which 
provides the basis for the pumping unit, and provides 
guidance for the fatigue life prediction. 

II. WORKING PRINCIPLE OF PUMPING UNIT 

REDUCER 

The new type of pumping unit is composed of a box 
body, a dial fork, a gear box, a belt wheel, etc. The dial fork 
is equipped with speed adjustment function of a manual 
shift, when a manual push rod is driven, the transmission 
lever is driven by a fork shaft, and the fork shaft is driven by 
a fork, and the fork pushes the gears to change the 
engagement position to realize the speed changing of the 
reducer. Through gear meshing, the motor power is 
transmitted to the installation in the box of the shifting fork 
shaft, common gear shaft, the intermediate shaft and the 
output shaft, the input of the motor power first through the 
fork shaft to the common one gear shaft for one-level 
reduction, and then through the common two axis to carry 
out the two - level reduction, after the oval gear shaft, upper 
stroke speed, stroke speed slow down, and energy saving, 
this process does not slow down the speed reducer, and 
ultimately to speed up, so that can output the desired speed. 

A.  Model Establishment Of Pumping Unit Reducer 

Based on CATIA 3D modeling software, build the solid 
model of the five - level gear reducer. Parametric design and 
programming of parts such as spur gears, helical gears, bevel 
gears, and dial forks, generate gear model by inputting the 
basic parameters of gears, construct gear shaft, bearing, box 
and other parts library, and through the CATIA assembly 
module, to realize the virtual assembly of the reducer. By 
using of CATIA and ADAMS interface, the CATIA model 
data is imported into ADAMS, adding system constraints, 
load, drive and contact force, a virtual prototype model is 
established.. In addition, the gear reducer is added to the oval 
gear in the five - level gear reducer, and oval gears relative to 
other gears can make the transmission more stable and can 
prevent the phenomenon of the gear breaking. And the 
output of the reducer is a variable, oval gear can speed up the 
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up-stroke, slow down the down-stroke, so that achieve 
energy saving. 

 

 
Fig. (1). Three Dimensional Model Of Pumping Unit Reducer   Fig. (2). A 

Three Dimensional Model Of A Fork 

B.  Virtual Prototyping Model 

Open the CATIA and switch to the SD Motion 
Workbench module by SimDesigner R4 WBE CATIA 
V5R19, add the following constraints: Set all levels of gear 
shaft and gear to add fixed vice, Add Moving Part of each 
rotation axis and gears, export the model to .cmd format file, 
and then import the .Cmd format file in ADAMS/View, add 
rotations of the gear shaft and the ground, so as to build the 
five gear reducer, as shown in Figure 3. 

 
Fig. (3). Virtual Prototype Model Of Reducer 

III.  DYNAMIC SIMULATION 

A.  Adding Constraints, Drivers And Loads To The 
Virtual Prototype 

Add Rotational Joint Motion on the input shaft, at the 
same time, in order to make the load does not sudden 
change, the parameters are given, using the STEP function 
STEP (time, 0, 0d, 0.2, 4380.00d) definition, selecting 
Velocity type; add Revolute of each axis to constraints; add 
Solid to Solid on the Meshing gear, and the size of the output 
shaft is 486000 , the gear material is NO.45, according to the 

Herz collision theory 
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, 1V 、 2V  for two Poisson's 

ratio of contact material, 1E 、 2E  for two elastic modulus of 

the material in contact, 1R 、 2R  are two gear contact radius
） calculate the high, medium and low speed level 
parameters such as table three. 

 

TABLE 1. 3 - STAGE SPEED - AXIS PARAMETER LIST 

Speed level Stiffness Force Exponent Damping Penetration Depth 

High speed 1.15E+005 8.84 50.0 0.1 

 

B. Virtual Prototyping Simulation 

Simulation preparation, set the simulation Duration=0.3s, 
Step Size=0.0001s and then began to carry out the dynamic 
simulation, the simulation results are as follows: 
 
B1. High Speed Simulation Results 

 

Fig. (4). The Speed Of The Rotating Speed Of The High Speed Level Is 
Changing With The Time. 
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Fig. (5). High Level Image Meshing Force 

B2. Medium Level Simulation Results 

 
Fig. (6). Medium Level Shifting Fork Shaft Speed Change Curve With 

Time. 

 

 
Fig. (7). ,Medium Level Image Meshing Force. 

 

B3 Low Speed Simulation Results 
 

 
Fig. (8). The Speed Of The Rotating Speed Of The Rotating Speed Of The 

Low Speed Level Is Changed With Time. 

 
Fig. (9). low level image meshing force. 

 

IV. CONCLUDING REMARKS 

 
According to the relevant formula of theoretical 

calculated high speed, medium speed and low speed three 
rotational speed of the input shaft with: 4380degree/second 
and fork shaft speed were high grade 3824degree/second, 
medium level 2162degree/second, and low level 
1177degree/second. According to the simulation results, the 
output results of the virtual prototype are in good agreement 
with the theoretical values, but the vibration and impact of 
the gear drive will produce a slight periodic fluctuation. 
However, overall, the virtual prototype meets the 
requirements of the transmission ratio. 

It can be drawn by observing simulation results 
diagrams: high speed, medium speed and low speed three 
groups of gear meshing force are in a value fluctuate, and the 
medium speed gear meshing force is smaller and greater 
volatility than the low level, the high grade gear meshing 
force is smaller and more volatile than the low level, they are 
consistent with the actual coincide.The high speed, medium 
speed, low level of meshing force values were 1250 N.m, 
550n, and 450N, by theoretical calculations. Compared with 
the simulation results obtained by simulation results, the two 
are approximately equal. Therefore, the virtual prototype 
meets the requirements of engagement. 

This virtual prototype can accurately simulate the 
dynamic performance of the five stage gear reducer, which 
provides reference for the optimization of the reducer. 
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