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Design of a Tractor mountable Bevameter
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Summary

New design of a bevameter was attempted so that it can be not only attached to and powered

by the tractor hydraulic control system, but is equipped with a data acquisition system using

a microcomputer. Results of field tests of the new design showed that it has a good performance

and practical applicability to the measurements of pressure-sinkage and shear stress-displacement

relations from which soil parameters of the Bekker theory can be evaluated.
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s 1. Hydraulic cylinder
f 2. Solenoid valve
3. Pressure gage
4, Rack gear system
5. Sequence valve
6. Upper link connecting pin hole
7. Input hose
8. Output hose
9. Load cell
10, Rack gear system
11, Flow control valve
12, Strain gage type torque transducer
13, Plate
14, Lower link connecting pin
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Layout of prototype bevameter,
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Fig. 2. Load-sinkage device.
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1. Hydraulic cylinder
2. Load cell
3. Rack gear system

@ 4, Hydraulic cylinder
5. Shear shaft
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Fig. 3. Shear test device,
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Fig. 4. Wheatstone bridge of torque transducer.
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Table 1. Components of load-sinkage and shear

devices,
Components Specification
Force transducer Manufacturer: Kyowa Elec,,

Japan
Model: LC-2 TE
Capacity : 2 ton
Rotary potentiometer Manufacturer: Sakae, Japan
Model : 22 HP-110
Capacity : 10KQ
Rack and gear
for load-sinkage m=1.82mm,Z=11
device
for shear device m=2,10mm,Z=19
forsinkage shaft m=2.70mm, Z = 37

m: Gear module, Z: No. of gear teeth
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Table 2, Specifications of hydraulic components.

Components Specifications

Hydraulic Dia, x Stroke: 50x500mm
cylinder Max, pressure: 21[)Kgf,."|:rn2
Power: DC24V
Solenoid valve Max, pressure: 210Kgf/cm”
Max, flow rate: 38 £/min

Power: 30W
Sequence Max, pressure: 210Kgf/cm,
valve Max, flow rate: 50 £/min
Pressure control: 35-1"!()l&igi”,l‘crrl'z
range
Flow control Max. pressure: 150 Kgf/cm?
valve Max. flow rate: 9 £/min

1. Solemoid valve

2, Hydralic cylinder

3. Pressure gage

4, Sequence valve

5. Flow control valve

6. Hydraulic cylinder @

Fig. 5. Hydraulic circuit of the bevameter.
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Fig. 6. Block diagram of data acquisition system.
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Table 3. Components of data acquisition system

Components

Specifications

Strain amplifier

DC conditioner

A/D converter

Micro computer

Manufacturer: Kyowa, Japan
Model : DPM-305A

Sensitivity (with 13V 2V 10x10°® input) : 0.2V (with 5K or higher)
3mA (3082 load)

Gage factor: 2
Frequency response : DC-2,500 Hz

Manufacturer : THORN EMI
Model: SE, 1054

Max, gain: 10K

Gain Accuracy : 1% nominal

Resolution : 12 bit
Channel: 8

Conversion time : 25u8
Input voltage : 0-5V

A/D convert : ADC 8 CuG-12

Manufacturer : NEC, Japan
CPU : uPC-780C-1 (Z-80A), 8 bit
Memory: ROM 32 KB, PAM 32 KB
I/O : 2 peripheral connector
FDC-bus
CPU-bus
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DEFINE HIGH LIMITED BASIC
MEMORY ADDRESS

I

INPUT FILE NAME, CHANNEL
NUMBER, TIME DELAY

1

/ READ MACHINE CODE DATy

& LOAD TO MEMORY

-

CALL MACHINE LANGUAGE

SUBROUTINE SUBPROGRAM

OPEN DATA FILE TO DISK FILE

/ READ THE DATA IN THE /

MEMORY

WRITE THE DATA IN
DATA FILE

Fig. 7. Flow chart for data acquisition, transfer and storage.

-6 -
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LANGUAGE ™ A]DC
LO HL, 9100H LD A, B
LO C, 00H OUT (80H), A
| |
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DEC B
TIMER J
{
| LD B,C I
[ PUSH BC J
CALL TIMER
DEC B
=
POP BC
B
DEC B
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/ INPUT SOURCE DATA FILE NAME /

I

OPEN SOURCE DATA FILE

L READ THE DATA IN SOURCE FILE /

CALL LOAD-SINKAGE SUBROUTINE
CALL SHEAR SUBROUTINE

CALL LOAD-SINKAGE PLOTTING
CALL SHEAR PLOTTING

[

C =

Fig. 8. Flow chart for data analysis,
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Fig. 10. View of performance test of bevameter.
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Fig. 12. Shear stress-displacement curve.
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