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The purpose of this study was to develop a method for evaluating 

controllability of a given draintube plow and to determine the optimum 

mode of automatic grade control with a laserplane elevation reference 

system. The mathematical model developed for a floating-beam type mole-

drain plow described the dynamics of moling depth as a function of the 

plow hitch motion. Regulation of the hitch height was assumed as the 

only means of controlling moling depth. A model was also developed for 

the laserplane automatic grade control system, in which the regulation of 

the hitch height (feedback) was expressed as a function of the displace-

ment of the on-board laser receiver from the laserplane elevation datum. 

These mathematical models were nonlinear and did not lend themselves to 

analytical solutions. The plow and feedback control system was simu-

lated on an analog computer for study. 

1. 



2. 

A prototype mole plow was field tested to obtain basic steady-state 

and transient response parameters for use in the simulation. As expected, 

the draft force for the plow could be approximated with a power function 

of moling depth, and the level of action for the resultant draft force on 

the blade was at a constant fraction r of depth. Further, it was found 

that for a given plow configuration, the draft force acted at nearly a 

constant distance below the hitch for a significant range of moling depth. 

The damping coefficient for the plow model was adjusted by trial-

and-error such that the computer closely simulated the mole plow transient 

response determined in field tests. The damping coefficient was about 5.5 

times the critical damping coefficient estimated by linearizing the plow 

model to a second-order equation. The simulation showed that typical 

hitch accelerations caused by the hydraulic depth adjusting mechanism had 

an insignificant effect on the moling depth. The plow model was, there-

fore, simplified by deleting the hitch acceleration term and modeling the 

hitch velocity as a pure on or off step-function. 

Since the modeled mole plow operated in a slightly nonlinear manner, 

it was not possible to form a mole-drain channel with a given gradient by 

controlling the hitch point such that it followed a line parallel to the 

desired drain slope. A unit change in hitch height resulted in a (l/r) 

change in moling depth, where r is the fraction of depth at which the re-

sultant draft force acts. 

A simple on-off feedback control mode was found to be satisfactory, 

when the system gain was high enough to cause at least a one cycle per 

second limit-cycle motion of the hitch point. Dead-zone on-off, digital 

on-off, and proportional modes of control were also simulated for 



3. 

comparison of results. The simulation showed that the mole channel could 

be held closest to the desired grade-line, independent of ground surface 

irregularities, when the laser receiver unit was mounted forward of the 

plow blade a distance equal to about one-sixth of the plow beam length. 

Only ramp, saw-tooth, and sine-wave functions, or their combination, were 

used as the simulated ground surface to evaluate the grade control system 

performance. 

The simulation results indicated that the use of two laser re-

ceivers on the plow beam, one over the hitch and the other near the blade, 

would improve grade control accuracy. The proposed front receiver would 

provide the usual feedback control signal to the system hydraulics for 

regulation of the hitch height. The rear receiver would detect prolonged 

errors in moling depth and provide periodic step-wise signals to mechani-

cally adjust (bias) the height of the front receiver above the hitch. 

This control system concept was recommended for further study. 






















































































































































































































































































































