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Technical Report No. 178-4

APPENDIX B

EQUATIONS OF MOTION FOR A TYPICAL
UNIVERSAL ENGINEER TRACTOR IN THE UNSPRUNG MODE
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I. INTRODUCTION

The purpose of this appendix is to assemble in one place a dynamic and
kinematic description of the universal engineering tractor. This
description is intended to be adequately detailed that the dynamic
behavior of tractor subsystems involved in bulldozing may be examined in
detail, and comulete enough that the entire description, when augmented
with a model of the operator plus manipulators, may be used for systems
analysis of the bulldozing task.

While these equations describe the universal engineer tractor speci-
fically, they can also be used for any tracked bulldozer once minor

modifications to the suspension system equations are made.

Nine major sections cover the following areas.

® Axis systems, assumptions and operating point
specification.

® Newton's second law in hull-fixed axis; operating
point and perturbation components of these
equations.

® Blade lip, roadarm and tractor center of mass
trajectories.

® Hydraulic, actuator force-torque, steering and
propulsion systems.

® Propulsion forces and moments.
® DNozing forces, moments and kinematics.

® Summary of derived trim and linearized perturbation
equations.

® Simplified models

@ Effect of actuator leakage and blade load on
simplified models.

The approach taken is to develop the equations of motion using linearized
perturbation techniques such as are conventionally employed in stability
and control analysis for aircraft. (See, for example, Ref. 72 or 25,
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TABLE D-I (Concluded)

10. Blade Pitch Moment (ft-1b)
Mg = (Mp/12)(z — zg) + (My/12)h + My + Myu
11. Forward Velocity (ft/sec)

Y (Fip) - mg

= o 1
i 575 e + (1/m)Xg

12. Induced Road Arm Torques (ft-1b)

l

( B L LR : X3
\T-l L Ts) = I {MB ; 21 [—57-3(210?2(!05 d.io) 9+£hm‘-
13. Roll Angle (deg)

, (2178
= —(—-:—-‘-) + olt=1)

3 2

14. Kinematic Delay to Roadwheels 1 and 5

St e SRR
ot=71) = ole Ja.pprox

15. Blade Roll Moment (ft-1b)
N, N; Ny

Np = s73(9=57:32ay) + gt sy
16. Yaw Rate (deg/sec)
N
TR Y 5T7.3
r = Iz Y+ ——Iz NB

17. Induced Road Arm Torques (ft-1b)

Ng mgzy mzpUq
- :;\ = E —
e (tan G DB ' PGl
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The basis for selection of this valve is:

1. Flow Required

The existing UET hydraulic system characteristics are:

Supply pressure: 4000 psi
Filtration level: 3 micron

Pressure to raise empty tractor: 2000 psi
Hydraulic line: 3/b4 in,
Volume per actuator: 50 in.?/rad

Actuator travel: 72 deg

Actuators supplied per valve: 2
Operating valve: 4 way sliding
Valve rating: 13 gal per min each (2 valves)

The valve pressure drop for the rated 13 gpm is unspacified, but
is calculated as follows:

a.

TR-178=4

Volume of oil required for full travel =

50 in.> in,>

1 b
—— X T2 deg X T5 a-— 125.5 1a,

0.544 gal

Time from full-down to full-up travel for empty tractor =
3.5 sec (timed by STI personnel at Ft. Belvoir)

Flow to raise empty tractor =

0.54k4 gal 60 sec

3.5 sec m = 9.33 gal/min

Calculation of valve pressure drop for 13 gpm flow is based
on the equation

ap e
Q = @ m or AP1 = AP?QT
2

where Q; = rated valve flow = 13 gpm

Qp = required flow for unloaded tractor = 9.33 gpm
AP, = pressure drop for unloaded tractor

= Pg = P, = 4000 = 2000 = 2000 psi
AP, = pressure drop at rated 13 gpm flow

E-17
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A B C D
SCHEMATIC
Figure E-T.

TR-178-4

Valve phasing: Flow out C; will result when:
A. Series operation—"“B&C"” connected, “A+", “D-".

B. Push-Pull operation—"“B&C"+, “A&D-".
current “C-D” > “B-A".

SERIES 73

AUXILIARY PILOT _|
PRESSURE PORT
(OPTIONAL)

Electrohydraulic Valve Configuration
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