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Engine

The engine selected, as stated in last quarters report, was a Briggs and Stratton model
130202 type 0015. This engine has 5 Hp and will soon be converted to prf)panc power.
The engine will be placed on a engine mount bracket on the rear, "cross" section of the

enabler and can be seen in the accoxﬁpanymg drawings.

Flexible Coupling

The flexible couping serves as a semi-rigid connecton between the shaft of the engine and
pump. The coupling chosen is manufactured by Lovejoy style number LO7S5, 3/4” for the
motor and 7/8” for the pump. Both sides of the coupling will be separated by a Hytrel
polymeric spider, Grainger stock number 1A924. A side view of this coupling can be seen
in the drawing titiled “Sectional View of Tail”.



Reservoir

The hydraulic reservoir for the power unit of the Enabler vehicle is to be
custom made. The body is a stainless steel beaker from Cole Parmer, catalog
number L-07206-80. The beaker is made from medium gauge 304 stainless
steel. It has an 8 qt. capacity and it is 8 3/4” in diameter and is 9 5/8" tall. The
beaker has a 1/4” lip with no pourout.

The faceplate of the reservoir is to be made from an aluminum block 10 3/4”
X103/4” X1/2". A circular groove 87/8" in diameter 1/8” deep and 1/8”
wide is to be machined from the center of the plate. This groove will hold a .
rubber O-ring which will seal the faceplate to the beaker. One inlet hole 1/2”
in diameter and one outlet hole 1/2” in diameter are drilled at the bottom. A
vent hole of 1/2” in diameter is placed at the top center of the plate. This will
hold the pressure relief / vacuum breaker. Two holes 3 3/4” apart and
connected by a clear plastic tube will serve as a fluid level indicator. 8 bolt
holes 1/8” in diameter are placed on a circle with a diameter of 91/8” from
the center of the plate. These bolts will hold the plate to the reservoir by
bolting to a retaining ring, 1/2” thick with an outside diameter of 9 1/4” and
an inside diameter of 8 3/4”. This retaining ring is also to be made of
aluminum.

The inside of the reservoir contains three baffles placed vertically. These
allow the fluid to slow down and for the air to be removed. Also, the inside
of the reservoir contains a 2” square of 100 mesh wire screen. This screen
helps remove air from the fluid.

Pump

The pump is the Vickers PVB5 pressure compensated variable displacement
piston pump. It is similsr to the Hagglands-Dennison PV6. .But it only pumps
5 gpm as opposed to 6 gpm at 1800 rpm. If the pump is run at 3600 rpm (
speed at which the engine produces the most power) an inlet pressure 8 psi is
required. The reservoir will produce a pressure of 3 psi after the system has
warmed up. This will allow the pump to be run at about 3200 rpm.

Vacuum Breaker
The vaccum breaker is available from Hycon inc. The model number is ELF

3RV- 40 - 6 . This pressure breather has a relief pressure of 6 psi and a reseat
pressure of 3 psi.



Filter

The hydraulic filter to be used is a low pressure return line filter and is
available from Parker Fluid products through Grainger. It has a 10 micron
filter element. The filter can handle up to 20 gallons per minuet. The filter
has two ports that are 3/4" in diameter and will require fittings for these. The
model number is 12ZAT10CN15BBLI and the Grainger catalog number is
47618. The price is $16.83



VALVES

The selection of the valves was conducted taking into account all the
parameters required by our system. Equipment required by the updated
design are listed in Appendix C under Valve Request Form, and Figures
detailing mounting are included in Appendix A. Two proportional, three
position valves (MEV6SLFHA3.2/3.2 12) in conjunction with two cartridge
valves (DS102CD012P4P) will be used to operate the wheel drive. The
cartridge valves will be supported by the two proportional valve mounting
and will serve to allow each side of the Enabler to lock wheels or to allow free
wheel (the valves will be normally closed, locked, and activated to open, free
wheel). The proportional valves allow ease of motion and varying speed
control (mounting plates included in order).

Three of the joint motors will be controlled via two three position
valves (D1IVWI1CP10K). The three valves will be supported by a three station
manifold (MANIFOLD 1-1112-03) and a plate. The plate was designed to
allow secure mounting of the manifold. This setup will also represent the
other three joint motors in the opposite end of the Enabler.

LINES

The hose selection remains the same (4182 Power Group - Appendix D)
with variance in hose size at certain locations, and the number of adapters
and female-swivel ends. The brand hose will be Wheatherhead, type H104, in
sizes of 1/4",3/8", and 1/2". The adapters and ends will be Aeroquip brand.
A complete material list (Line Request Form - Appendix C) and line design
(Appendix A) are included. The original hose design of ceiling the hydraulic
hose through the body of the Enabler will still be used with two coils per each
rotating section. :

'k
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Manufacturer's Drawings for:

Breather / Vacuum Breaker



HYCON CORP

[ Orderilﬁ CodeS' Filler-Breather-FiIters and Breather-Filters

~Djoo

43E D W 4bL5185Y 0001375 D - E-W-01

Jmveon

Flller-Breather-FIlter
Mode!

ELF3-20-1.0/S0 165

ELF
ELF L (lockable, size 3 only)

Size

il

3
3RV = with check/relief vaive
4

5
7
Fitration Rating of Alr Filler
3 = 3um (sizes 3, 4. and 5 only)

10 = 10um (sizes 3, 4, and 5 only)
220 = 20pm
40 = 40 pm

a-ugo Opllom (ELF 7 only)

gauge
K .wihgwge(Gaugerange--MSbOPSU—Hoo.GBAR)

identification Numbor
1 = ELF 3, 4, and 7; standard units

= ELF 5 with weld-on fitting 2/, BSP] Fittings supplied by HYCON

2
3 = ELF 5§ with weld-on fitting 3" BSP
4
5

= ELF 3 RV: relief cracking pressure 10 PSL0.7 BAR, Ressat pressure 6 PS10.4 BAR
= ELF 3 RV, rellef cracking pressure 13 PSL0.9 BAR, Reseat pressure 10 PS10.7 BAR

6 = ELF 3 RV; relief cracking pressure 6 PSU/0.4 BAR, Reseat pressure 3 PSV0.2 BAR

Modification Number

Supplementary Detalls
SO 165 = For fire resistant fiuids (HWBF, HWCF)
SO 175 = Metal flller screen 47/100 mm long
SO 148 = Memmuerseveena-/zoommlong] Sizes 3 & 7 only
v = Viton seals (size 5 only)

Breather-Fliter
’ Model

BF = Threaded Connection

BL = Flange Connection (size 160 only)

BLG = NPT Connection (sizes 80 and 160 only)
BLS = Walid-on Connection (size 160 only)

Size

3
3F|V = with check/Bypass Valve :IBFO'\'Y

5
7
080 = ¥ ° Connection
180 = 1% Connection JBLaony
161 = Weld-on Connection (BLS only)
162 = Flange Connection (BL only)

Flitrstion Rating of Alr Fifter

3 = 3um (BF only)
10 = 10 um (BL, BLG, and BLS only)
20 = 20um (BF only)
40 = 40 ym (BF only)

Gluge Opﬁom {BF 7 only)
= withoul gauge
K = with gauge (Gauge range = -14.5 10 9 PSV-1 10 0.6 BAR)
idsntification Number
Type BF
1 = Threaded Connection BF 3 «Q ¥, (ISO 228), BF 4 = G '/, (SO 228), BF 5 = G 2'/, (180 228), BF 7 = G 1 {1SO 228)
2 = Threaded Connection BF 3 -G‘I (ISO 228)
3 = Tiwsaded Connection BF 3 -G'I {ISO 228)
4 = Threaded Connection BF 3 = @ ¥, (ISO 228) with RV; Bypass Cracking Pressure 10 PSU0.7 BAR
1 = Threaded Connection BF 3 -G‘l (ISO 228) with RV: Bypass Cracking Pressure 13 PSL0.9 BAR
6 = Tiwveaded Connection BF 3 -G#(lsozze)mmnv Bypass Cracking Pressure 8 PSL0.4 BAR
Type BL, BLG, and BLS -
1 = G 1Y, (1SO 228) {replacemant slemen] MFE 160-10/1}
2 = 1",-16UN-2B (replacement element MFE 160-10/2)
Maodification Number
et -
165 = For resistant fluids [HWBF,
v = Viton saals :l BF only
A = Adaptor for BF 80 or BF 160 10 thread into Filler-Breather-Filler




- HYCON CORP 43E D WN 4b51854 0001377 @2 -E-\\-D',

Engineering Data and Welghts ) MYCON
/_—ﬁ
Design:
ELF Filler-Breather-Filter
BF Breather-Filier
BL Breather-Filier with Spin-on Filter Element
BLG Breather-Fiiter with Spin-on Filter Element
BLS Breather-Fiiter with Spin-on Filter Element
Mounting Posltion:
ELF & BF Vertical (max. 30° off vertical axis)
BL, BLG, & BLS Vertical or Horizontal '
Mounting Method: Threaded Coupling Weld-on Fitting Bolt-on Flange
ELF 5, BF, & BLG BLS ELF 3,4,7 & BL
Fluld Temperature Range: +15°........ +210°F
Fluid Compatibility: Compatible with all petroleum-based oils.
(ISO 2943) Contact HYCON office for information.
Re-seating Pressure of ﬁ AP = 29 PSID/0.2 BAR,
Check/Bypass Valve: AP = 5.8 PSiD/0.4 BAR or
(for ELF 3 RV & BF 3 RV only) AP =10.1 PSID/0.7 BAR
Weights
MODEL Ibs. | kg
ELF 3 0.55 0.25
ELF 3RV 0.66 0.30
ELF 4 0.22 0.10
ELF 5 5.95 2.70
ype No. 2)
ELF 5 6.83 3.10
(Type No. 3)
ELF 7 0.84 0.38
BF 3 0.62 0.28
BF 3RV 0.73 0.33
BF 4 0.18 0.08
BF 5 4.41 200
BF 7 0.88 0.40
BlL 162 4.63 210
BLG 80 1.4 0.60
BLG 160 2.60 1.20
BLS 161 3.86 1.75




HYCON CORP 43E » WE ub53A54 0003378 Y M E _\\- o7 .

Pneumatic Data ) o

Alr Flow Rates:

1 GPM = .1337 SCFM

1 L/min =.035 SCFM

(Flow rates apply to all micron ratings.)
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Dependabliity and Lasting Value
® Magnetron® Electronic Ignition

BRIGGS & STRATTON CORP 25E D @E 1b32175 0001549 § WM K-33-37-39
® Positive Lubrication
® Pleated Paper Element

Air Cleaner

Startabllity and Simple Operation Model Series

130200

® Automatic Compression
Release

® Centrifugal Governing

® Heavy Flywheel for
Increased Inertia

® Front Mount Contro! Panel
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Appendix C

(PURCHASE REQUESTS)



POWER GROUP
PURCHASE REQUEST

FLEXIBLE COUPLING COMPONENTS

COMPONENT NAME: LOVEJOY 3/4” COUPLING BODY FOR ENGINE
STYLE #: L075

GRAINGER STOCK #: 4X183

Qry:1

PRICE: 2.79

COMPONENT NAME: LOVEJOY 7/8” COUPLING BODY FOR PUMP
STYLE #: LO75

GRAINGER STOCK #: 4X184

QTY:1

PRICE: 2.79

COMPONENT NAME: HYREL SPIDER
STYLE #: NONE LISTED

GRAINGER STOCK #: 1A924

QrY:1

PRICE: 7.09

TOTAL QTY: 3

TOTAL PRICE: 12.67

ALL ITEMS AVAILABLE AT GRAINGER
1721 MARIETTA BLVD 30318-3646
PHONE # (404) 3551984



POWER GROUP
PURCHASE REQUEST

This is a request for the conversion to Propane of the Briggs and Stratton engine model
130202 to be used to power the hydraulic system of the Enabler. The conversion to
Propane will be done by Combustion Labs in Riverdale, Ga. This conversion will
include conections to two propane bottles and all other necessary components to make the -
engine fully operational using propane power. The complete conversion will cost $241.10.
Additionally, John Chamlee will be glad to remove the gasoline tank from the existing
engine and deliver the engine to Combustion Labs by 6/4/93 if it is so desired.

DESCRIPTION QF ITEM: PROPANE CONVERSION OF B&S ENGINE
PRICE: QﬁjQ G @ 1)

COMBUSTION LABS

RIVERDALE, GA

(404) 997-0425 SPEAK WITH MIKE



POWER GROUP
PURCHASE REQUEST (VALVES)

Order # Description Quantity Indiv. Cost
MEV6SLFHA3.2/3.2 12 Proportional, three 2
position valve for
wheel drive.
AD6ST Inlet plate for 1 $739.84
MEV6 valves. _
XRD6S02 Cross over relief valve 2
for MEV6 valves.
DS102CD012P4P Cartridge valve with 2 $200.00
body cavity to allow
free wheel.
D1VWICP10K Three position valve 6 $118.50
_ for joint control.
BK209 Bolt kit for 6 $4.00
D1VW valves.
MANIFOLD Three station manifold 2 $72.30
1-1112-03 for DIVW valves.
TOTAL COST $2019.44
CONTACT:
Mr. Joe Howard 956-8994
Parker Hannifin Corporation

2264 Northwest Pkwy., Suite G
Marietta, GA 30067 USA
404/956-0881



Order #
H10404
H10406
H10408
2020 6-6S
2020 8-8S
2021 4-4S
2021 6-6S
2021 8-8S
2021 4-6S
2021 4-8S
202702 10-4S

POWER GROUP
PURCHASE REQUEST (LINES/ADAPTORS)

Description
1/4” hydraulic hose
3/8” hydraulic hose
1/2” hydraulic hose
3/8” cross section
1/2” cross section
1/4” adaptor
3/8” adaptor
1/2” adaptor
1/4-3/8 adaptor
1/4”-1/2” adaptor
1/4”-7/8” adaptor

2021 6-8S 3/8”-1/2” adaptor

2021 8-10S 1/27-1” adaptor

2021 6-10S 3/8”-1” adaptor

Female ends; Size # Cost
1/4” 36 $3.94
3/8° 6 $4.21
1727 10 $4.62

CONTACT:

Mr. Dick Snowden 876-8657

AAA Hose, Fittings & Accessories
654 8th Street, NW

P.O. Box 93362

Atlanta, GA 30318

Quantity
105 ft.
10fi.

10 fi.

Total Cost

Indiv. Cost
$1.67 per ft.
$2.00 per ft.
$2.30 per ft.
$11.16
$12.50
$1.00

(11
(13
(13

(11

$2.26
$1.00
$1.50
$1.50

$549.55



Material Request Form
Power Group

Hydraulic Filter
Manufacturer- Parker- Hannifin

10 micron spin on line filter
Model number- 12AT10CN15BBLI

Vendor- Grainger
1721 Marrietta Bvld.
Atlanta, Ga, 30318-3646
(404) 355-1984

Catalog Number- 47618
Price- $16.83
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etter of Transmittal

March 10, 1993

Mr. J. W. Brazell

School of Mechanical Engineering

Georgia Institute of Technology

Atlanta, GA 30332

Dear Mr. Brazell:

With this letter we are transferring the final report on our ME 4182
project to you. The report gives our recommendations for the power unit
and power distribution system for the Enabler. We would like to thank
you, Jeff Donnell, and Scott Pierce for your encouragement and assistance.

Sincerely,

Jolin Chamlee, Group Leader

Rick Canfield

Michael Johnson

Doug Kanipe

James Melchiors

Teresa Powell



Executive Summary

The purpose of this paper is to describe the method of supplying power to the
Enabler recommended by Group 5, Power Unit and Distribution System. The goal
of Group 5 was to design a hydraulic system to provide desired pressure and flow to
sufficiently power the enabler.

The power unit consists of a five horsepower Briggs and Stratton model 130200
internal combustion engine and a Hagglunds Denison PV6 Variable Piston Pump. This
engine would be converted from gasoline to propane to reduce offensive emissions. The
power unit is capable of supplying 2000 psi at a constant pressure and a maximum flow
rate of 5.372 gallons per minute.

The power distribution system consists of a network of 1/4", 3/8" and 1/2"
Weatherhead H104 wire braided Neoprene hydraulic hoses that supply hydraulic pressure
to the wheels, the articulating joints, and the boom. Each boom or joint motor requires a
Parker Fluidpower D1 VW solenoid operated, three-position, directional control valve to
control the flow direction. Each wheel motor needs a Parker Fluidpower MEV6
proportional directional control valve for smooth operation in forward and reverse and a
Parker D31VW free-wheel / connect valve to control the free wheel and lock positions.

The auxiliary equipment required for the hydraulic system is a reservoir, a filter,
and a relief valve. The reservoir is a custom fabricated 1.4 gallon box with internal baffles,
a magnet, and a screen. The filter used is a 10 micron Parker 4Z618 and it is inline before
the reservoir. The relief valve is a Parker RA 12005. Itis located after the pump and it is
set at 2300 psi for safety pressure relief.

The 2/3 scale Enabler model needs modifications so that the hydraulic pump and the
engine can be located on the vehicle instead of having them external and connected by an
umbilical cord. This modification consists of an extension on the body of the vehicle
effectively changing one of the t-shaped body sections to & cross-shape.
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Introduction

The ME 4182 class meeting Winter Quarter, 1993 continued the work of other
classes to design the Enabler, a lunar work vehicle. The focus was on designing a 2/3
scale working model to be built next quarter by the ME 4192 classes for NASA.

This report describes the specifications for the power unit and power distribution
system as determined by Group 5, Power Unit and Distribution System. Nine
components were examined for the power system. They are:

* Engine

¢ Pump

* Lines

» Valves

* Reservoir

» Heat Exchanger

« Filter

* Relief Valve

+ Accumulator
Each component is individually analyzed to see what the operating requirements are and the
equipment is selected to meet these requirements. This report details the hydraulic system
required to power the Enabler.  _

The heart of the system is a Hagglunds Denison variable displacement, axial piston
pump powered by a five horsepower Briggs and Stratton internal combustion engine
converted to propane fuel. The hydraulic power is distributed to the six wheel motors, the
six joint motors and the four boom motors and is controlled by two and three position
servo valves. The hydraulic fluid, after flowing throu gh a ten micron filter, retums to a

reservoir where air and contaminants are removed.




Engine

The engine is a key component in any hydraulic system. The engine will provide
the necessary input power to the hydraulic system and all of its members. The engine which
will best meet the requirements of the enabler is a five horsepower, propane powered,
Briggs and Stratton Model i30200 internal combustion engine. This engine will optimally
satisfy the various constraints imposed by the hydraulic power system of the cn.abler. The
engine will provide adequate power to supply all of the system com.pdncnts. This engine
also will be the optimum design and size to be mounted on the body of the enabler. Finally

this engine will meet the requirements of the indoor demonstration.
hp =P(Q) /1714

The Briggs and Stratton engine meets the power constraints imposed on it by the
hydraulic system. The power system of the enabler consists of sixteen individual hydraulic
engines each of which require a certain flow rate and pressure to optimally perform their
designated tasks. Using the flow rates for the sixteen engines and the above formula it can
be shown that the enabler will require at least a 4.5 horsepower engine - a constraint well
within the range of the five horsepower Briggs and Stratton. This horsépower figure is
generated using the maximum pressure (P) in pounds per inch squared and flow (Q) in
gallons per minute under the most adverse conditions (worst case scenario) in order to
insure desired performance at all times.

The enabler will be constructed from a twelve inch inside diameter aluminum tube
and moving over various, sometimes steep, terrain. The enabler will require its engine to
be versatile enough to adapt to the constraints of this environment. Since the Briggs and
Stratton is an internal combustion engine, it requires no bulky extemal power connections

or potentially dangerous voltage (Aluminum being an excellent conductor). The size of the
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Briggs and Stratton (see Appendix D) makes it easy to place in a engine compartment
located at the rear of the craft (see Appendices A-5 to A-8). During operation, the enabler
will be required to traverse various objects in its path. While traversing these objects the
body of the enabler will be angled, requiring the engine, specifically the oil sump, to
operate in this angled position. The Briggs and Stratton engine can be effectively operated
at a constant angle of 25 degrees, reaching angles of up to 35 degrees intermittently.

A gasoline powered engine gives off many unpleasant exhaust gasses that can be
decreased by conversion to propane power. The Briggs and Stratton can easily be
converted from gasoline to propane operation, making it ideal for the indoor demonstration.
The propane power system will be obtained at no charge from Combustion Labs Inc. in
Riverdale, Ga. The propane power system will consist of a propane cylinder, a series of
valves, a regulator, and finally an output port into the intake of the engine (Appendix A-9).

For more detailed specifications, drawings and decision information see Appendix D.

Pump

The pump for the enabler is a Hagglunds Denison PV6 Variable Piston Pump. This
pump supplies 2000 psi at a chosen variable flow rate of 5.4 gal/min. The Displacement is
0.88 inches*3/rev. The dimensions of the pump (see Appendix E) are small enough so that
the pump fits inside the enabler chassis. The weight of the pump is 24 1bs. Additional
features include Nine-piston rotating group, fast compensator response and quiet operation.

The requirements of the system on the pump include three different sub syétems:
the wheels, the articulating joints, and the boom. ’Ihc calculations for the required flowrate
are based on a "worst case” or the maximum power requirement of the combined sub
systems. This worst case is defined as four wheels moving along with 4 articulating joints.

The wheel motors need a flowrate of 0.7 gal/min, and the articulating joints need a flowrate






Hydraulic Lines

The type hose that will be selected for the supply line is a 1/4 inch LD.
Weatherhead H104 hydraulic hose (SAE 100R1 Type AT) with an operating temperature
range from -40°F to +212°F (-40°C to +100°C). The hose has a working pressure of 2750
psi and a minimum bursting pressure of 11000 psi. It has single steel wire braid
reinforcement, a bending radius of 4 inches (17/32 inch O.D.), and the inner and outer
hose material is made of Neoprene - a rubber material compatable with hydraulic oil. The
return lines will also be selected as a Weatherhead H104 but one will have a 3/8 inch 1.D.
(11/16 inch O.D.) and the other will have a 1/2 inch I.D. (13/16 inch O.D.). The working
pressure of the 3/8 inch return line is 2250 psi and a minimum bursting pressure of 9000
psi. The working pressure of the 1/2 inch return line is 2000 psi and a minimum bursting
pressure of 8000 psi.

The Power Group will use hydraulics as a means of powering the Enabler. The
hydraulic lines will serve as a way to transport fluid from the pump to the various motors
located throughout the body of the Enabler. There, fluid flow is converted to mechanical
rotation and the means by which the Enabler can move is established. Hydraulic
horsepower is equal to the flow rate (gallons per minute) times the pressure (pounds per
square inch) divided by a conversion factor of 1714. In order for the hydraulic system to
be efficient and reliable, certain requirements and a safe configuration of the lines had to be
met when selecting the type of hose.

The required working pressure of the Enabler will be 2000 psi and the hydraulic
lines will have to meet this requirement. A single steel wire braid reinforcement will be
sufficient for our pressure requirement. A maximum flow rate of 2.3 gal/min will also be

required from any one supply line. Our calculations with a 1/4 inch supply line operating at



15 ft/sec would provide 2.3 gal/min and will be sufficient for our required flow rate.
Higher flow velocities are certainly possible without adverse effects to the system.
Hydraulic oil (petroleum base) will be the type of fluid used, so the inner surface of the
hose will have to be compatible with the oil. A Neoprene inner and outer coating will be
the best option for our application.

The cost of the hydraulic lines is another selection criteria. The lowest cost depends
on the vendor and the most economical line configuration possible without affecting the
performance of the Enabler. Due to space constraints, the hose will have to have a small
bending radius in order to allow line connections in small areas, but not too small as it will
incur excessive pressure lossc;. To have a cost effective line configuraion, two supply
lines and two return lines both branching from T's and running the length of the Enabler
will be used to supply power to the wheel motors. A single 1/4 inch line will supply power
to the joint motors and a single 1/4 inch line will supply power to the boom motors. Both
will have there own 3/8 inch retumn line.

Another problem is the possible torsion of hydraulic lines due to vehicle appendage
rotation. The solution imposed is to actually coil the hydraulic lines through the body
cavity of the Enabler to allow for rotation by winding the lines and unwinding them. A
minimum number of coils is set at 2 coils per each section or 2 coils between each motor.

For additional information and detail drawings see Appendix F.
Servo-Valves

The servo-valves for the enabler are Parker Fluidpower directional control valves.
For the wheels, two different types of valves will be needed: proportional directional
control valves (Series MEV6) and free-wheel / connect valves (Series D31VW). For the
articulating joints and the boom joints a solenoid operated, three-position, directional

control valve (Series D1VW) will be used.




The two valves selected to control the direction of the fluid to the wheels will be
solenoid operated, proportional, directional control valves and two position free-wheel /
connect valves. The proportional control valve will have three positions. The center
position will be stop, which will not let any flow through. The left position will be the
forward position, which will drive the wheels in the forward direction. The right position
will be the reverse position, which will reverse the flow of the fluid and drive the wheels in
the opposite direction. The Series 6 valves provide precise and variable speed control
without lurching when the wheels start moving. They are controlled by proportional
solenoids, which provide an output flow that is proportional to the input signal. Because
of the pfoporn'onal signal, these valveswill provide precise metering from minimum to full
speed. The maximum flow for each wheel will be 0.7 GPM and this will correspond to a
12 VDC control signal. For the valve to be halfway open, a control signal of 6 VDC is
required. The two position free-wheel / connect valve will be placed between the
proportional valve and the wheel motor. This valve has two positions. The first position
will be the free-wheel position, which will allow the wheel to move without flow being
supplied to the motor. The connect position allows the wheel to operate as it normally
would. The enabler will require one proportional control valve and one free-wheel /
connect valve for every wheel.

The valves for the articulating joints will be a three position, solenoid operated,
directional control valve. The three positions will be the same as the proportional valve for
the wheels. The center position will be stop, the left position will be forward, and the right
position will be reverse. These valves supply a sudden burst of fluid to the motors and not
a gradual build up to the maximum flow as the proportional valves do. This sudden flow
rate will cause the joints to jerk as they try to start turning. It is preferred to use the
proportional control valves to eliminate the jerking of the joints and to control the different

flow rates required by the motors, but because the proportional valves cost considerably



more than the regular control valves, the above valves are recommended. A total of six
valves are needed for the articulating joints.

The valves for the boom joints will be the same as the valves for the articulating
joints. These valves will control the direction of the fluid supplied to the motors for the
joints. Again it is preferred to use the proportional control valves used for the wheels to
prevent the boom from jerking as it moves, but because of monetary restrictions we will
recommend the normal directional control valve. A total of four valves will be required for
the boom joints.

For more detailed specifications and details on the valves see Appendix G.

Reservoir

Due to the constraints of weight and space as well as the uniqueness of the system,
it has been decided that the hydraulic reservoir should be custom made at the machine shop
at Georgia Tech. This will allow for the optimum design for the system as well as a
competitive cost for the reservoir. The total capacity is to be 1.4 gallons and the overall
dimensions are approximately: Length- 9 in. Height- 6in. Width- 6 in. The complete
drawings and dimensions as well as description can be found in Appendix H.

Typically the volume of a reservoir is 2 to 3 times the mean flow rate. This would
correspond to a 13 gallon reservoir, and several vendors supply reservoirs in the 10 to 15
gallon range. However, the system does not require the reservoir to act as a heat exchanger
so this volume can be reduced. Since weight is a main consideration, the 1.4 gallon
reservoir will be sufficient.

The hydraulic system is part of a mobile vehicle so the reservoir must be
pressurized in order to keep the outlet to the pump flooded. Most vendors do not supply
this type of reservoir. This is another reason why the decision to custom make the

reservoir was made.



Filter

The filter used is a hydraulic return line spin-on filter. The filter has a 10 micron
cellulose medium capable of up to 20 GPM. The maximum pressure rating for the filter is
150 psi and the maximum temperature rating is 225°F. The filter is manufactured by Parker
and is sold through Grainger. The filter has 3/4 in ports that will reqxiire couplings to
accommodate the size difference of the return lines.

The main advantage to this filter is the fact that it is inexpensive and readily

available. This filter will meet all the requirements of the system and is easily maintained.

Relief Valve

The relief valve for the system is a Parker RA12008S direct-operated pressure relief
valve. Its maximum flowrate is 20 gal/min, its maximum operating pressure of 3000 psi.
the relief valve will be manually set for 2300 psi. The position of the relief valve will be
directly after the pump. This pressure relief will protect the system from harmful pressure

increase due to a pump malfunction.



Bill of Materials

Component # Vendor Model No.  Per Cost Total Cost
Engine 1 Briggs & Stratton 1 253.5 253.50
Pump 1  Hagglunds Denison PV6 $714.00 $714.00
Proportional 3-way valves 6  Parker Fluidpower MEV6 $700.00 $4,200.00
2-way valves 6  Parker Fluidpower D31VW $100.00  $600.00
3-way valve 10  Parker Fluidpower DIVW $150.00 $1,500.00
Relief valve 1 Parker RA1200S $100.00 $100.00
Filter 1 Parker 472618 $15.96 $15.96
Reservoir 1 Fabricated N/A $75.00 $75.00
1/4" Hydraulic hose 99ft  Wheatherhead H10404 $1.67 /ft  $158.65
3/8" Hydraulic hose 99ft  Wheatherhead H10406 $1.80/ft $171.00
12" Hydraulic hose 1f Wheatherhead H10408 $2.00 /ft $2.00
3/8" cross fitting 2 Aeroquip 20806-6 $11.16 $22.32
1/4” female swival end 140 Aeroquip $3.94  $551.60
3/8” female swival end 55 Aeroquip $4.12  $226.60
1/2” female swival end 6 Aeroquip $4.50 $27.00
1/4”-1/4" adapter 115 Aeroquip 2081 4-4 $1.00 $115.00
3/87-3/8 adapter 30 Aeroquip 2081 6-6 $1.00 $30.00
1/2”-1/2” adapter 5 Aeroquip 2081 8-8 $1.00 $5.00
3/8"-1/4 adapter 19 Aeroquip 2081 6-4 $1.00 $19.00
1/2”-3/8” adapter 1 Aeroquip 2081 8-6 $1.00 $1.00
7/87-1/4” adapter 24 Aeroquip 202702 10-4S $3.50 $84.00
1/4” “T” fitting 13 Aeroquip 2090 4-4 $7.25 $94.25
3/8” “T fitting 12 Aeroquip 2090 6-6 $7.78 $93.36
3/8” cross fitting 2 Aeroquip 2080 6-6 $11.16 $22.32
1/4” flow control valve 6 Aeroquip 2090 4-4 $3.60 $21.60
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APPENDIX B






PHE Hydraulics inc. supplies various size accumulators of the piston variety.
These sizes range from 1/2 gallon to 5 gallons. Also, this company can supply a gas bottle
system compatible with the accumulator. The prices of these accumulators range from

$100 to $300.
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installation information
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- ) I ) N ,l_{ niet Port—CW Outtet Port—CW
Maatid o ™ e Oultet Pont—-CCW niet Port—-CCW
i L ___l._._--!.j 4
! ws -l !
—— —— Vot Port SAEL or
L__ﬂ e tw 8srr)
. : . 1] - Ovaln Port S0 b5
—e e ——— _/
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Mm('l:'tl.so.".n T Ly o1 CosremiTon -7
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- | HTH o
- L] “
BT
- LB {
-L"'-i' H \ 2
[ l:! E — — J
Insialiation Drawing 23-9596 M 0 — ; NG %13
Assembly Drawing SD-01537 i INCT Mar. Vohsme
Optlional Foot Bracket S14-00128 ' [ i
e o s ~ Sy — H
**F* or "L"—Ventable Compensator B Mt - ——I\
"T*—Power Limiter {See page 10) t‘..’.,’[:, —_———T,
- —_ ol e e o s
“*Note.  Two boft mounting flange conforms o
SAE "A" specifications, except for L u-J--- “w 110
dimensions marked with aslerisks®*. e ——y .
(1]
installation Dimensions L L eda s
PVe Lo U
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M| s m | |m o |w |w{wm|w|wm | wi w0 | >
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wm lre2r | e | ss |72 |1y | e [ose |1 | w0 ] voa| w | ves s | iz 22 | BN
Shaft Dimensions
PVE
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75
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y | Spiined X X X x X %) s | e %0
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mm | 3.0 “ua nr 29
750 1884 ”e
0 Keyed inch 1 146 1100 [ 1.79 | = 117 S 1.00 x x x x .
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3

Pressure compensator
adjusting screw

Compensator plunger *

'
Commpensator valve Case :
]

1

Dlscharge port

ju:.J_
! !

/_ Max. volume adjustment

i A

Repiaceable creep piate ~0——T\1] Cylinder barrel
_\___)_
| 1 '. =2 Replaceable port plate
SAEmouniing 1, O F
{Interchangenbliily) l Spring holddown

Relamer plate e

PRESSURE COMPENSATOR CONTROL
WITH MAXIMUM VOLUME ADJUSTMENT

The C and F pressure compensator contro! allows the pump
to defiver fufl volume from the outiet port until the pressure
rises to the value set by the control. One turn clockwise of the
pressure compensalor adjusting screw represents a pres-
sure Increase of approximately 650 PSi (44.8 bar).

The control then reduces the pump volume to that requiired by
the system while maintaining the preset pressure al the outiet
port. The stroking piston is controlied by a 3 way valve which
is shifted by discharge pressure.

The fast response (typically 50 ms off stroke and 120 ms on
stroke) and high flow capacity of this valve holds pressure
overshoot and undershoot to a minimum.

The minimum compensating pressure Is 130 PSI (9 bar). An
adjusting screw complete with locknut allows the pump vol-
ume to be set between maximum and zero.

Clockwise rotation pumps have the pressure compensator
control located on the left side of the pump body, on counter
clockwise rotation pumps the control is on the right side.
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s Hose Selection Chart Application

R

>.a
E MO SR A S e i B
v Hose | P
: Number | M104 | HAS | MASS | W1t4 | MMS | MiaG | N300 | WAZS | W10 | WASO | WAM | Wm0 R
e A A Mgh | Mg wﬁ
Usage Hyd. | Hyd | Hyd. ",',‘;d& Hyd. ",ﬁ,,& Hyd. [ Hyd s‘mm Pressure Prﬁuu Pussure_
s “ l. s " I. M- ) M. ». +
USCG! 2 USCo2 USCG? | usce?
100R7 - ¥
Exceeds | Exceeds | Exceeds . - i
SAE No. | 100R1AT cm‘ 0087 | 5o | sort | t0omt | — [WORRAT| = | 900R12 | i0R12 wﬁﬁf
Tomperature | —40°F | —40°F | —40°F | —40°F | —40°F | —65°F | —40°F | —40°F | —40°F | —40°F | —40°F -Aw":
Range +212°F | 4200°F | +200°F | +250°F | 4250°F | 4250°F | +212°F | +212°F | 4-200°F | +250°F | +:250F | +-250°F {295
)
taner s (Neoprena| 0N | MHOR ) ey | ke | Hytrel [Neoprens|Neoprene] EPDM [Neoprone|Neoprene|Neoprene| 314
- . — s
Rainorce- | 1Sl |2 Fier | 2 Foer | 1S | 1 [ 15t0t | 2500 | 2 5 | 25tpe | M5 | MU | Mt oo
ment Baid | Braids | Braids | Brid | Brid | Baid | oy | Brids | Baids | ‘Siool | el | Stee 87
Poly- | Poty- B
m Neoprene [urethane| urethane [Neoprene [Neoprene ”m" Neoprene [Neoprene m mg: m EPDM ':a"._
Orange { Black s
Noss 1.D. , MAXIMUM RECOMMENDED OPERATING PRESSURE — PS! . f
-
Y% 2750 | 2750 | 2750 | 3000 | 3000 | 3000 | 3000 | $000 | 5000 )
e
-
93
3000 | 3000 | 3500 | 3500 | 4000 | 4000 | 5000 [
3000 '
3000
Pages | Pages
39-50 | 39-50 | 29-50
HWS | HUE | H300
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Appllcation | Hose Selection Chart

CHART 1. Hoss Fi~: Rate vs Pressure Drop 2".':“:: :.“h'm.l mmh"wmm the R
1000 Ty - vide the desired rate of fiow at the required :
100 £ i : = pressurs; thess are: S

’ 5 » Hose size :

? A * m '.W t

100 73 AR » Hose ends & fluld conveyed
304 < ‘)\2 X ¢ Bends <

< o Static head pressure

| Zili v Hose Size Ll
: 2ty Undersuzedpressumlinua'mducemlve_ R 2
Sy N~ = R‘aﬂumdmpwmmtendam... lossand” . . H
; ' o mugd:ump orop et Ovrsimg noss © 2
‘ VF’ "/‘ #m'/ L ",’ oo B AR assemblies, on the other hand, are _
“ans 6 'ols'-ﬂo T 'v'lo ' 50.\400 500 1000 wsuymuemm'ymmavy - L
PRESSURE DROP (1vs /3q w ) %mcﬁnn hmr raulic un;s'edﬂ'g i
2 - ng empi ues can oo
e achieve minimum ure drop consistent <l
. CHA‘OHOT 2. Hose Flow Capacity wlttmasonableho%(mm%hhﬂ P
' % Velocity of pressurs lines ......70 5 fisec -
: Rt & S e A
Touss Chan2 ayastmiht s oms e
as shown ne L
«© mena:tlargersizehosashmvnnmllne,'»-
passes ')etweensinslisted S

FLOW AATE {gote /min )

D .

%

¥ Hose Lenpth
Cham gmsmepmsumdm mdnmm- SRS
20 sized hoses basad on hoses of length, -
andlsbasedonwaterasmm .
For hoses of a different length, thess v .
must be correctsd..For MQNMM
length of 12" hose causes 2 N
| B,
n question Is ng, the pressure
2?‘;‘2%{";:“0 1 gym dﬁﬁm&‘e val 1by:\euaﬁo of the
3 multiplyin ue
INTAKE LINES sctual mﬂ 100 feet, or q‘“' or 0S.
Therefore, meactualprmumdmpumdby :
aSO-fooNenmhof'h'hose. 2 flow
1& zl)lmln , is 50 Ibs./in2 (05 mo-so

a §

,-
IS

!
> @

HECOMMENDED 9 siightly smaller than the hosa Itselt, However

RANGE FOR PRESSURE this varies widely with hose end designs from
LINES " “full-flow” ends which have the same 1D as the S

» than the hose bore. To allow for this, assue 5
a8 10-to 15% greater flow rate than actually Y
measured n the system when determining Y

2
]
5
4
§
Bgad
i
4
s

M

o~

» pressure drop.

Chart 1. is based on water as the fluld con-

md.mmrotherﬂuidsnlsmsaryto i
correct for the differance in Spacific gravity and
viscosity. Chart 3, lstseomwﬂulds their -
lngeorrgcﬁ factors. ‘.'-.‘I'-'
To determine the pressure drop for a specific 5
fluid, first detenrgmmpn':s'hmdmp from !

» ¢ & w00

FLOW IN GALLONS PER MINUTE

SUCTION HOSE ASSEMBLY

PRESSURE HOSE
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VELOCITY IN
FY.PER SEC
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. DANA CORP/ WEATHERHEAD £k U Em CBESUS ST

Medium Pressure
"/ H114 HYDRAULIC HOSE o i N [ e
£+ Exceeds SAE 100R1 Noang:| fsa | Hose Iores.| P | Dond |ere.
. HI1404 | 1/4 2 |3000(12000| 4
H11406 | 8 | 41784 |3000]| 12000 | §
nitos | 172 | 1316 |3000| 12000 | 7
. E

MSHA Accepted

Typical Application: 3000 PS! continuous working

pressure hose. ideal for farm implement high

temperature hydraulic hnes. Wil work with synthetic or

petroleum/water based fiuids.

inner Tube: Hytrel

Reinforcoment: 1 Steel Braid
. Cover: Neoprene
. Temp. Range: -40%F to + 2509 (-40°C 1o + 121°C) -

H145 HYDRAULIC HOSE " wor| M0 | agy | ek,
~. Exceeds SAE 100R1 m?, 'l'_';' ':E Pres. :: Bend | More.
. ) rs) ) Radil | Vee.

H14504 | 1/4 2 1300012000 2
H14506 | 3/8 | 41/64 {3000 | 12000 |2-172

MSHA Accepted

Typical Application: Idea! for use in high pressure lines

on of! the road construction equipment, farm equipment,

and other high pressure applications where a smafl bend

radus is needed. ) *

{nner Tube: Nitrile
~ Reiaforcemant: 1 Stezi Braid
.. Caver: Neoprene M 1

Tomp. Range: -A0°F to + 2500F (-400C 10 + 121°C) : i BN

. 1957 6-06 7 ;.;- ) ‘ . .‘::' e g g
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Hose Medium Pressure
“ H146 3000 PSI Hydraulic Hose worr| M | o Jimen W1 |
.. Exceeds SAE 100R1 fay | Wose | s Loren. | 2 | nand |ere. -t ‘::, -~
LA O AT ) S
0d g |
W | H14604 | 1/4 | 33/64 {3000 | 120001 4 11 | 50", 250
HI4508 | &8 | 11716 [3000] 12000 | & |18 |50, 250
H14808 | 172 | 51/84 {3000 | 12000 7 25 | 50°,250'
Typical Application: 3000 PSI comtinuous working
. pressure hose. ldeal for farm implemen! high
i emperature hydraulic lines. Will work with synthetic or | .
petroleum/water based fluids. : . Cee
Inner Tube: Hytrel A IR PO
Rainforcemeni: 1 Stee! Braid . : el
.+ Cover: Abrasion Resistant Fiber Braid . | N o
Temp. Range: -65% to 4 2509F (-549C to + 1219C) 1 - - e
- s “ “. ¢"‘
H300 3000 PSI Hydraulic Hose Cotolog | Mese :? :.: ot :.. =‘ ol i |- et
Number | LD. M::,'Hl'l:l* Ents
WEATHERHEAD S/t 3
Jseneet SRESSNT | 130004 | 1/4 | 9/16 {3000 12000 | 4 15 | 50",280°
30006 | 8 | 232 |3000( 12000 | § 25 | 50',250" {Colt-0-Crimg
H30008 | iz | 20/ [3000{ 12000 | 7 45 ]50'250" | paves 3000
R30010 | &8 )1-1/32(3000| 12000 8 55150280y -
H0012 | ¥4 |1-316 | 3000 { 12000 |9-1/2 65 | 50".250° R
. MSHA Accepted
soow. - Typiesl Applicstion: 3000 PSI constant worlang pressure
- hose. Ideal for farm implement construction and in-
dustrial equipment where high presssure hydraulic needs
exist, )
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EXECUTIVE SUMMARY

The purpose of the actuators and motors group is to select appropriate
motors and drive systems for the chassis that will enable the wheels and the
joints to move. This report finalizes the drive systems by specifying the
components based on the torque and power requirements. The chassis needs
six motors for the wheels and six motors for the joints. Char-Lynn model
#101-1012 hydraulic motors with four-bolt flanges were chosen for the
wheels, and Char-Lynn model #101-1061 hydraulic motors with four-bolt
flanges were chosen for the articulation joints. The drive system for the
wheels includes the motor connected to the wheel shaft by way of a Lovejoy
coupler. The drive system for the articulation joints include a Diamond
double-strand chain run by Morse sprockets, one on the motor and the other

on the joint connector, creating a 3.43:1 gear ratio.



ESI VERV

Wheel Drive

The wheel drive involves five main parts: the Char-Lynn model #101-
1012 hydraulic motor, a Lovejoy coupler, a drive shaft, a motor bracket, and a
wheel plate which connects the drive system to the wheel hub. Only the
motor bracket and the wheel plate will need custom machining. The motor
will be bolted to the bracket by four flat-head, 3/8"-16 UNC, countersunk
screws (max. thread engagement is 0.6"). The bracket will be screwed in place.
The coupler is keyed to the motor shaft and consists of two hub halves
(model #L099 x 1" hub) and one bronze insert (model #1.099). This assembly
allows for misalignment and is the point where the wheel may be detached
from the vehicle. The wheel plate is to be welded in place, and no bearings
are needed to support the shaft. Refer to the appendix for appropriate

drawings.

ticulati int ri'

Driving the articulation joint requires considerably more power and is
more complex than the wheel drive. Refer to the drawings in the appendix
for more clarity. The main components are the Char-Lynn model #101-1061
hydraulic motor, a Diamond double-strand 3/8" pitch drive chain (58 links
per joint), two Morse sprockets (48T and 14T), a motor bracket, a 4" diameter
bronze journal beaﬁng, a custom joint coupler, and a joint plate. The bracket
is to be custom made from 3/8" 6066 aluminum plate. It will be screwed into
place on the face of the upper bearing sleeve. The motor is bolted to the

bracket in the same manner as the wheel motors. The bearing is anchored in



the bracket using two Industrial Retaining Rings (model #3100-400). The 48T
sprocket (cat. #D35B48) is to be bored out to an inner diameter of 4" (so as to
fit on the bearing; don't forget to use lots of grease). This sprocket also needs
two 5/16" dowel pin holes set 1800 apart at a diameter of 4.182”. The 14T
sprocket (cat. #D35B14) is to be broached to fit the splined motor shaft. The
dowel pins will be fixed in the joint coupler so that they mate exactly with the
holes in the 48T sprocket. This facilitates easy disassembly of the joint. The
joint coupler is to be fixed to the joint plate by four 9/32” bolts, equally spaced,
on a 4.895” bolt circle, and then the plate is fixed to the face of the lower

bearing sleeve.



Motor

The selection of the motor is the most important part of our project.
We have chosen the Char-Lynn H-series #101-1012 hydraulic motor to drive
the wheels. The motor has a 1" straight shaft with woodruff key and 7/8-14 o-
ring ports, with a four-bolt flange for connection to the motor bracket. With
the 0.6 GPM flow rate given, each motor will be able to obtain a RPM of 33.8
RPM. The rated torque of each motor is 2824 in'lbs and it can run at a
pressure of 2250 psi, which is well within the given 2000 psi. The motor will
have a. direct connection to the wheel shafts by couplers. The motor is
optimum because of its' abilities and its' size. This motor is relatively small
and is easy to mount. The motor is easily accessible and relatively
inexpensive, $168 per motor. We will use six of these motors, one for each

wheel.

Motor Bracket

The motor bracket was designed to keep the motor stable during
operation. It is a piece of ANSI 6066 Aluminum, 4” wide and 0.375” thick.
The bracket will be mounted onto the upper sleeve with six ANSI UNC Type
8, 0.164 diameter SAE Grade 1 steel machine screws. Each screw will be 1”7 in
length. In the middle, the motor is connected by the use of the four-bolt
flange and four 3/8-16 UNC machine screws, each 1” in length. The
dimensions were selected to obtain the maximum support for the motor

while using size, weight, and ease of manufacture as the constraints.



Coupler

The purpose of the coupler is to allow for misalignment. We have
chosen the Lovejoy coupler which consists of two hub halves (model #L099 x
1”) and one bronze insert (model #L099). The coupler is keyed to the motor
shaft by a 1.0625”x1/4”x1/8” keyway while a 1” drive shaft is keyed to the
other side of the coupler. This provides a point of easy detachment within

the motor drive system.

Drive Shaft

The drive shaft of the wheel drive connects the power from the motor
to the wheels. We will be using a stock 1” diameter AISI 1040 steel shaft
which is available from Bearings and Drives Incorporated of Atlanta. The
shaft will be connected to the wheel plate on one end and to the coupler on
the other. The shaft is 3.98” long and will have two key ways cut into to it to
hold the AISI 1040 steel keys. The section cut into the shaft that connects onto
the coupler has dimens;ions of 1.0625"x1/4"x1/8”. The section cut into the
shaft that holds the shaft onto the wheel plate has dimensions
2.25"x1/4"x1/8”. The shaft will be press fitted into the wheel plate.

Wheel Plate

The wheel plate was designed so that the wheels could be connected to
the drive shaft. The wheel plate is connected onto the hub by eight equally
spaced 8-SAE grade 1 machine screws. The wheel plate will be made out of
1/2” 6066 Aluminum plate. The drive shaft will connect onto the wheel plate

by way of a 1040 steel key. A groove will be cut into the wheel plate with



dimensions 2.25”x1/4”x1/8”. The drive shaft will be press fitted into the

wheel plate.



Motor

The motor selection was based on the articulation joint constraints.
The motor selected is the Char-Lynn H-series #101-1061 hydraulic motor. The
motor has a 1” SAE 6B splined shaft and 7/8-14 o-ring ports. It is mounted on
a bracket by a four-bolt flange and it will be able to obtain an RPM of 7.5 RPM.
The rated torque of each motor is 3151 in'lbs, and with the gear ratio of 3.43:1,
the final available torque on the joint will be 10807 in-Ibs, which is sufficient
for this application. The motor will run at a pressure of 2000 psi. which is well
below the max pressure of 2150 psi. The motor will provide power to the

joints by using sprockets and a double-strand drive chain.

The articulation joints will be driven by a sprocket and a double-strand
drive chain. A Morse i4 tooth double steel sprocket (model #D35B14) will be
connected onto the splined motor shaft and kept there by a cap and endscrew.
A Morse 48 tooth double steel sprocket (model #D35B48) will slide onto a
bronze bearing sleeve. A double-strand 3/8” pitch drive chain will run
between the two sprockets. The resulting gear ratio is 3.43:1. The 48 tooth
sprocket will be connected onto a coupler by two 0.3125 diameter dowel pins.
The coupler is then connected onto the joint plate, which in turn, moves the

joints.



Motor Mounting Bracket

The mounting bracket was designed to incorporate the gear system.
The material is 6066 Aluminum and the mounting face is 3/8” thick, with
slotting holes for accurate motor positioning on the top. As seen in the
appendix, the center of the bracket will have a 4” diameter hole cut into it to
allow for the bearing sleeve to fit in. A 48 tooth sprocket will fit onto the
bearing sleeve and the two side pieces on the bracket will allow for the
connection of “Z” brackets which hold the sprocket in place during rotation.
The mounting bracket will connect onto the upper bearing flange inside the
joint by using six ANSI UNC-8 bolts on a 5.8125” diameter bolt circle. The
purpose of the hole in the middle is to allow space for different hoses and

cables to run through.

ring Sl

The bearing sleeve was selected to conserve space radially around the
center of the articulation joint, while supporting the loads that might be
imposed on it. The sleeve is a 4” stock bronze bushing with an inner
diameter of 3.5” to allow for the passage of hydraulic line and cables. It is
anchored in the motor bracket by two industrial retaining rings to facilitate

easy replacement.

Joint Coupler

The 6066 Aluminum joint coupler connects the power from the 48

tooth sprocket to the joint plate. The coupler consists of two rings, one with



four holes and one with two holes (where the dowel pins are anchored),
welded to a short tube. Two 5/16” dowel pins which are anchored in the
coupler transmit torque to the coupler from the sprocket. The inner diameter
of the coupler is 3.5” which allows the appropriate hoses and cables to run
through. The coupler is then connected to the joint plate with four 5/16”
bolts.

Joint Plate

The joint plate connects the coupler to the lower bearing sleeve. It will
be machined out of a 3/8” 6066 Aluminum plate. The plate is connected onto
the coupler by four 5/16” bolts that are located on a 4.895” bolt circle in the
center of it. There is a 3.5” diameter cutout in the center to allow for the
hoses and cables. The joint plate is attached to the lower bearing sleeve using

six SAE Grade 1 steel machine screws on an 11.625” circle.
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1.0 Executive Summary

This report presents a final design for the ME4182 design competition. The
purpose of this project is to design, construct, and test a machine capable of
off-loading a lunar habitat from a lander, and placing it accurately within the
contest area. In addition to this, the machine design must provide radiation
shielding for the habitat.

The design which is presented in this report utilizes an aluminum H frame,
which consists of 1" x 1/8" square aluminum tubing. Four aluminum legs, which
are attached to this frame, provided mounting locations for wheels. These wheels
are driven by ladder chain and sprockets which are housed within the aluminum
frame. Foreword, reverse, and angular motion is achieved by operating two
drive motors in various combinations of speed and direction.

The design also features a loading mechanism which consists of two "forks"
which are attached to two arms. These arms are driven by a worm gear which is
connected to a permanent magnet DC motor through a series of gear reductions.
This loader system not only facilitates the placement of the habitat, but it also
provides a means for placing radiation shielding over the vehicle.

The radiation shielding utilized by this design consists of a pre-
fabricated aluminum shell which will be placed over the habitat, once it is in
position.

The vehicle is powered by three variable voltage divider circuits, which
enable independent continuous speed control of all vehicle functions.

This vehicle is valued at $402.29, with a cost for scoring purposes of
$370.98. The maximum power which should be available to the vehicle is 25.2
Watts. The actual power used by the vehicle at any given time is only 5.82
Watts, a number which should be used for scoring purposes.

In summary, this design provides a relatively low cost, low weight concept
which will allow the efficient transportation of a lunar habitat, as well as
radiation shielding for it.
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2.0 Introduction

This design project is based on a contest that is sponsored by the American
Society of Civil Engineers. The purpose of the contest is to design, construct,
test, and demonstrate a machine that will satisfactorily unload a lunar habitat
from a lander, and position it accurately on another portion of the contest area.
In addition to these functions, radiation shielding for the habitat must also be
provided.

The machine built to accomplish these functions is subject to several rigid
constraints which are presented in the contest rules. These constraints will
also be discussed in relevant sections of this report. In addition to meeting
the constraints, the final design must also address the following issues:

*

* X ¥ X ¥ x*

*

Minimize cost.

Minimize weight.

Minimize execution time.

Maximize dust containment.

Maximize system autonomy.

Maximize simplicity in mechanical design and operation.
Minimize power requirements.

Maximize shielding effectiveness.

In order to accomplish this task, while effectively utilizing the knowledge
and previous experience, the project is divided into five systems, with a
different person responsible for each. These systems are defined as follows:

*

*

*

%

*

Chassis system - basic framework for machine.
Transportation system - drive mechanism of machine.
Loading system - mechanism for off loading and placing habitat.
Control system - responsible for providing adequate control of other
systems.

Radiation shielding system - providing adequate radiation shielding for
habitat.

The following sections of this report deal with the individual issues
related to each of these systems. The report then concludes with a financial
analysis of the project, and a statement of future work.

3.0 Chassis System

3.1 Problem Description



Abstract

The purpose of this project is to design, construct, and test a machine
capable of off-loading a lunar habitat from a lander, and placing it accurately
within the contest area. In addition to this, the machine design must provide
radiation shielding for the habitat.

The design which is presented in this report utilizes an aluminum H frame,
which consists of 1" x 1/8" square aluminum tubing. Four aluminum legs, which
are attached to this frame, provided mounting locations for wheels. These wheels
are driven by ladder chain and sprockets which are housed within the aluminum
frame. Foreword, reverse, and angular motion is achieved by operating two
drive motors in various combinations of speed and direction.

The design also features a loading mechanism which consists of two "forks"
which are attached to two arms. These arms are driven by a worm gear which is
connected to a permanent magnet DC motor through a series of gear reductions.
This loader system not only facilitates the placement of the habitat, but it
alsoprovides a means for placing radiation shielding over the vehicle.

The radiation shielding utilized by this design consists of a pre- fabricated
aluminum shell which will be placed over the habitat, once it is in position.

The vehicle is powered by three variable voltage divider circuits, which
enable independent continuous speed control of all vehicle functions.

In summary, this design provides a relatively low cost, low weight concept
which will allow the efficient transportation of a lunar habitat, as well as
radiation shielding for it.



June 2, 1993

Bob Swamer
Box 32820, Ga Tech Station
Atlanta, GA 30332

Mr. James W. Brazell

School of Mechanical Engineering
Georgia Institute of Technology
Atlanta, GA 30332

Dear Mr. Brazell:

Please accept our entry into the spring quarter ME4182 design competition.

Our transporter design is based on a simple two motor drive mechanism. In
addition to this drive mechanism, our vehicle utilizes an innovative loading
mechanism that will effectively locate the habitat, as well as the radiation
shielding. Thank you for all of your guidance and advice throughout this
project. It has proved invaluable to the success of our team and design. We
also welcome any comments that you may have after reading the final report and
watching the demonstration.

Sincerely.

Bob Swamer
Design Team I



The need for a single structure to connect the transport and unloading systems
was determined from initial studies of the design problem. A single frame was
developed to mount all transport and unload systems. Design goals were
determined to be:

1) provide a rigid and low mass structure to connect all other sub-systems into
one unit.

2) provide a structure that would allow all components to be mounted inside the
required space as determined by the contest rules.

Constraints:

1) All components must fit within the design "box" space allowed. Primary limit
on frame size was initially given as the cube space of the habitat. This was
modified during the design process to the cube of the lander’s horizontal
dimension, per instructions from the instructor.

2) Frame must not deflect under normal operating loads.
3) Must effectively interface with all other systems.
3.2 Problem Solution:

The entire frame is fabricated from square cross section aluminum of
grade 6061-T6. The square cross-section was chosen for its resistance to bending
and torque loading along the tube axis. One inch outside width tubing was chosen
for all frame components. Consistent size was an advantage in designing joints
because most of the fasteners in the model are of the same style. The one inch
tubing size is readily available and is relatively low in cost. The basic concept for
the final chassis design is an " H" frame. Two side rails are joined at the front
and rear of the chassis by cross members. Overhangs at the ends of the side rails
provide mounting for the unload sub-system and transport drive. Uprights are
connected to the frame side rails at cross member mounting locations. These
uprights serve to provide both ride height for ground clearance and constant
elevation for removing the habitat from the lander. All frame joints are bolted
using bridge plates at each joint. Original design called for welded joints.
However; Due to concern over heat deformation in the welding process, the
bolt on bridge plates were developed.

The H Frame design was developed using the following concepts:



1) The perimeter frame design allows for a large number of mounting points to
be developed around the chassis. This concept also allows for some protection to
vital components from collision damage by requiring that all components be
placed inside the frame. The frame serves a limit on the overall size of the
device by limiting the design "box". The "H" frame design allows for maximum
weight spread during load/unload sequences. By providing a wide mounting base
tip-over problems were reduced. The load imposed by the load/unload sub-
system is transmitted to two points, by using each side rail as a separate beam,
the loads on the chassis were simplified (see calculation 3.1)

2) The use of square cross section tubing allows for the development of a very
rigid frame (see calculations 3.2). An additional feature of this tubing choice is
that it allows the chain drive lines of the transport sub-system to be mounted
inside the frame rails and uprights . This prevents dust from damaging these
components. The square cross section of the tubing allows for a number of easily
indexed and prepared mounting surfaces. This greatly simplified the process of
aligning mounting the various sub-systems.

3.3 Feasibility of Solution for Lunar Application:

The limiting factor in the feasibility of this design for real world applications is
tip-over. Given the mass of the habitat compared to an initial estimate of real
world device mass ( see calculation 3.4), it appears that some ballast might be
necessary. The following points need to be evaluated:

1) Power sources, either battery or electro-chemical could require substantial
mass. This mass could be used to balance the transporter.

2) Much closer tolerances could be developed on a real world device to reduce
the moment arm imposed by the unloader/loader device.

3) Contact with the lander could be used to brace the transporter during
unloading. Further bracing could be developed to assist in the lowering to the
surface phase of the unload.

The major liberty taken in the development of the model is the size of
components in the frame. While the overall dimensions of the frame are to scale,
items such as bushings, shaft sizes, and the frame tube size are not, due to the
need to manufacture the model. Ease of manufacture was deemed a key element
of the final model design.



Considerations for future development:

In a real world lunar transporter we would power each wheel independently and
provide a control system for all wheel drive. Traction control and steering
would be incorporated in this system.

One concept that would greatly improve the design is variable ride height. This
would allow for reduced tip over, greater maneuverability over difficult terrain,
and a more compact shipping configuration.

4.0 Transportation Subsystem

4.1 PROBLEM STATEMENT:

One of the primary tasks in the competition is to place the habitat in a
position quite distant and differing in orientation from its original position on the
lunar lander. Because the habitat must be moved approximately seven feet, and
rotated about a vertical axis 90 degrees, our group has chosen to load the habitat
on a wheeled vehicle, carry it to the new site, orient the habitat, then place the
habitat on the surface. To traverse the simulated lunar surface, the vehicle must
not strand itself on obstacles such as rocks and pits.

The vehicle should have enough power to climb some rocks, and to get out
of holes. The orientation of the vehicle should be completely controllable,
preferably without lateral translation if pure rotation is desired by the operator.
The relative weight of gear motors is high compared to other vehicle
components. It is desired, therefore, to minimize the number of guarantors used.
The volume taken up by the transportation subsystem's components should be
minimized and positioned to the best advantage of other subsystems.

The goals to be satisficed are adequate ground clearance, sufficient power,
good maneuverability, minimized weight, and a high degree of integration with
other subsystems. The first goal, ground clearance is constrained by two
boundaries: maximum vehicle volume and requirements of the loader subsystem.
The requirements of the loader fall with in the maximum allowable volume,
therefore the loader requirements are the primary restriction on ground
clearance. Five inches of clearance between wheel to surface contact is required
by the loading subsystem, therefore this was the bound on ground clearance.

4.2 PROBLEM SOLUTION:
Sufficient power to drive over rocks and out of pits is needed. The availability of
several high torque gear motors satisfied this goal. At startle speed, they have a
torque of 80-100 oz-inches, which is adequate for our needs.

The limitations of space around the lander and at the habitat site require
that our vehicle be easily maneuvered. Steerable wheels provide for rotation and



translation of the vehicle, but require translation if rotation is to occur, and the
center of rotation would be the non steerable wheels. Our group has chosen to
allow the right and left side wheels to be driven at different rates, allowing the
operator choices between pure rotation to pure translation, with the center of the
vehicle as the rotational center. The maximum fore/aft speed should be at least
four inches per second, which will allow the distance to be traversed in
approximately twenty seconds. The minimum speed should allow the operator
adequate positioning control. A speed of approximately .5 inches per second
should suffice. The motors selected provide a speed range which, when the shaft
speed is reduced by a factor of two, is perfect in meeting these goals.

To minimize weight, our group decided to use to drive motors. Using
chain and sprockets allowed us to use one motor per side, and place the motor at
the five inch chassis height where the motor will not be subject to ground
clearance problems. See Figure 4.1 for the side view layout of this subsystem,
and Figure 4.3 for the spur and pinion layout. The chain and sprockets were
chosen because of their size and performance characteristics. All shafting is 3/16
inches in diameter. This allowed uniformity of gear and sprocket choice, and
facilitated use of some components which were readily available. This diameter
shafting will be of adequate strength to prevent critical deformation.

The use of two motors with chain drive allowed a variety of component
placement options. Our group has chosen to run the chains inside the chassis, and
place the motors aft for balance considerations. The chassis section of this report
contains balance calculations and results.

When the drive motors were mounted, we discovered a redundancy in the
design. Please refer to Figure 4.1 for the detailed design, and Figure 4.2 for the
revised design. The original specifications provided for three standoffs for the
motor mounts. When mounted with two standoffs on the long chassis axis, the
mount would not deflect under applied test loads. The mount was redesigned and
machined so as to have the two mounting holes in the described locations, and
excess material was removed. The mount required minimal adjustment to bring
the mounted parts within operating tolerances.

The assembled system operates smoothly, with a minimal amount of chain
vibration. The load presented to the motor under free-wheeling conditions is
approximately 40 oz-inches. The motor provides adequate torque to this system.

4.3 FEASIBILITY OF SOLUTION FOR ACTUAL LUNAR
APPLICATION

The mechanical principles involved in our drive subsystem are viable on
the moon. The wheeled drive has been used on former lunar missions. The
transmission of power of power to the wheels would not be a direct scale-up of
the chain drive which we utilized. Our chain drive was convenient for the scale
at which we were modeling. In all likelihood, the full scale lander would use one
or two motors with shaft drive and some suspension flexibility. The chain type



transmission could feasibly be used, but due to vibrational and weight limitations,
shafts would be more suitable.

Components such as bearings and shafts could be chosen to prevent dust
penetration, and a channel or tubular design such as we have built could be used
for the body of a full scale device. This provides many options for later
additions. Motors so mounted could later be removed and used for other tasks.
The chassis members and drive components could be designed so that the rover
could later be converted to a crane or similar mechanism.

5.0 Loader System
5.1
PROBLEM STATEMENT:
The loader subsystem is required to lift the habitat off of the lander,
place the habitat on the transport vehicle, and unload it at the specified site.
The loader subsystem must also be capable of moving the radiation shielding into
position if necessary.

CONSTRAINTS: There are several constraints which affect
the design of the habitat loader. They include the following:

the orientation of the habitat on the lander and the position of the
lander treads

the vertical distance to be traversed by the habitat

the weight, dimensions and center of gravity position of the habitat -

the weight, dimensions and center of gravity position of the vehicle and
radiation shielding

5.2 GOALS: Several goals are specified in the contest (and grade) scoring.
These include:

minimize cost and weight

resistance to environmental fouling

operational and mechanical simplicity

minimum execution time

5.3 PROBLEM SOLUTION:



DESCRIPTION OF SYSTEM: The system we have chosen is effectively a
four-bar :

linkage which utilizes two parallel main beams, two parallel 'forks' attached to
the beam ends, and a chain linkage to keep the forks parallel to the ground.

The parallel main beams are driven simultaneously by a gear motor-driven shaft
operated by a worm gear.The worm gear is used to provide some self-locking
capability and to reduce the torque requirements of the motor. The forks engage
4 pins that are on the sides of the habitat. The pins are located at the fore and aft
limits of the habitat's longitudinal center of gravity placement.

EXPLANATION OF DESIGN DECISIONS: We have evaluated numerous
designs for this subsystem. Below is a brief description of these systems and
the reasons for discarding some of the designs.

1) The first design assumed an adjustable chassis height as part of the
accommodation for the vertical distance to be traveled. Approximately half the
height to be traversed (total height = 11.65 inches) was taken up by the ride
height travel, and the other half with a mechanism based on a standard forklift.
The design incorporated a motor on the forklift saddle to flip the fork over.
This would be used to flip the habitat onto its top and into a saddle on the
vehicle. This was discarded due to the mechanical complexity of the forklift
and flip systems, and because we thought the next system would work better.

2) The second design incorporated two main parallel beams, much as we are
going

to use. These beams would incorporate a u-shaped saddle on the end that would
hook onto a pair of pins located at the habitat center of gravity. This

wouldn't necessarily have required the variable ride height, although we still
had planned on using it at that point. This design was discarded due to a re-
reading of the contest rules which specified that the center of gravity position
of the habitat was not exactly known.

3) The third design used a standard application of a four-bar linkage. The linkage
was used to keep a fork parallel to the ground, and this fork contacted 4 pins on
the sides of the habitat just

as we are now using. The reason for discarding this design was that we could



3) The third design used a standard application of a four-bar linkage. The linkage
was used to keep a fork parallel to the ground, and this fork contacted 4 pins on
the sides of the habitat just

as we are now using. The reason for discarding this design was that we could
only achieve a linkage transmission angle of twelve degrees at the limits of
travel. Forty degrees is usually the preferred minimum. At this point, we had
decided to discard the variable ride height system due to its mechanical
complexity. Using it may have improved our transmission angles slightly, but

it wouldn't have made a significant difference.

4) Our fourth design is the one we have decided on. The chain linkage

allows the benefits of the four-bar linkage without the transmission angle
worries. The drive system is such that the loads can be easily tied into major
structure. The fork system allows for varied position of the habitat center of
gravity, and should be relatively easy to align with the habitat when unloading.
The benefits of the worm drive have been mentioned, and the components should
be relatively easy to make. The design uses tapered, 0.188" thick 6061-T6
aluminum main beams which have an I-section. See Drawing 5.2 in the Section
5 appendix. The stress analysis for these beams resulted in a safety factor of
approximately 37 for simple bending about the major (X) axis. See the
calculations on pages 1-4 in the appendix. A tapered design was used in order to
efficiently distribute the loading stresses throughout the beam length. A stress
analysis was also performed for the worst-case loading that would be seen about
the beam's minor (Y) axis. The results of this indicate a safety factor of
approximately 6. The calculations for these values can also be found on pages 1-
4 of the Section 5 appendix. The beams are driven at the larger end by a 1/4"
shaft driven by a gear motor and 20:1 worm reduction. The shaft ends are
supported in double shear by plastic bushings. The loading fork is attached to the
small end of the beam by a 3/16" shaft which is pinned to the fork and passes
through a ball bearing pressed into the end of the beam. The #21 pitch ladder
chain and chain sprocket is attached to this shaft, and by fastening the chassis
ends of the chain to the chassis, the fork is kept parallel to the ground. Each fork
is made from 0.125 6061-T6 aluminum. See Drawing 5-3 in the Section 5
appendix. The forks pick up on the pins mounted on the side of the habitat; the
rear pins are mounted in such a way as to provide lateral restraint. The stress
calculations for the forks resulted in safety factors of 50 and 7 in major (x) and



minor (y) axis bending, respectively. See Section 5 appendix page 5 for the
calculations of these factors. Buckling failure is not a factor due to the design
geometry. The calculated maximum mechanical power required for this
subsystem is 1.17E-6 horsepower; the calculations are in the Section 5 appendix,
page 6.

5.4 FEASIBILITY OF SOLUTION FOR LUNAR APPLICATION

5.4.1 PHYSICAL FEASIBILITY: The design we have chosen should
function in the same manner whether on the moon or on the earth. The design is
resistant to the environment, does not require an atmosphere, and is somewhat
fail-safe in the event of power loss. It requires no setup to speak of, little
maintenance, and

should be able to be operated by a space-suited person.

5.4.2 ACTUAL SIZE REQUIREMENTS: Wherever possible, standard
structural shapes have been used; this should allow the easy scaling-up of
structure dimensions. The full-size motor required for this application would
probably be smaller proportionally than the one we are using. Similarly, the
chain linkage may be larger than it would need to be if scaled up.

ASSUMPTIONS MADE FOR MODELING: In this design, we are
assuming that the loading and unloading of the habitat and radiation shielding
will be done with the vehicle stationary. Additionally, we have chosen motors
which will operate the system slowly, so dynamic complications should be
minimal. We are assuming that the lander and vehicle will be on a fairly flat
surface when in operation

6.0 Radiation Shielding Subsystem
6.1 Radiation Shielding Subsystem Goals

The radiation shielding must protect habitat and occupants from cosmic
radiation and mild solar flares. Additionally, the shielding must be of minimum
cost and be able to be easily transported and/or set up by the vehicle.

6.2 Radiation Shielding Subsystem Constraints
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The radiation shielding method will follow one of two possible scenarios.
It must either be transported to the moon by a separate lunar lander or it must
arrive on the same lander used by the vehicle. If the latter case is chosen, then it
must not adversely affect the operation of the vehicle or obstruct the handling of
the habitat. In addition to this it must also conform to the following:

The shielding must fit on a habitat-sized lunar lander.

It must provide radiation protection equal to or greater than 15 g/cm?2 of
water.

The shielding must completely cover the habitat.

The shielding must allow access to the habitat for repairs and scheduled
maintenance.

6.3 Description of System

The system used to provide radiation shielding for the habitat consists of a
half-cylindrical structure that is pre-fabricated on earth and then transported to
the moon (figure 6.1). This structure allows a minimum of 2 inches on any side
of the habitat for maintenance to the habitat. The structure is made entirely of
aluminum which is used as the shielding agent as well as the structural support.
The ends of the shield are folded and epoxyed so as to provide total shielding
from radiation. The dimensions and specifications of the shield are as follows:

Height: 9.625 in (refer to figure 6.2 for
Width: 11.625 in dimension placement)
Length: 20.124 in

Radius of top: 5.8125 in

Thickness: 0.087 in

Weight: 5.331b (refer to calc. 6.1 for weight calc.)

These dimensions easily fit within the lunar lander constraints for
transplant to the moon. The shielding is assumed to have been delivered to the
moon on either the same lander as the vehicle or a similar lander and has been off
loaded close to the site at which the habitat is to be located. The vehicle would
off load the habitat and deliver it to the proposed site and then get the radiation
shielding and cover the habitat.

6.4 Explanation of Design Decisions



To construct a radiation shield, the contents of the radiation must be
known. Cosmic radiation is primarily (85%-90%) made up of protons, the
remaining particles being alpha particles and higher atomic number particles.
However, the primary concem in cosmic radiation is not the particles but the
gamma rays. Alpha particles cannot penetrate human skin and protons take less
material to be attenuated than the gamma radiation, as shown later. For these
reasons the cosmic radiation is modelled as gamma radiation.

The requirement is that the shielding has to be as effective as 15 g/cmA2 of
water, so this is used as the basis for determining the thickness of the shielding.
To simplify the selection of the material and thickness of that material a simple
radiation intensity transmissibility equation is used. This way the thickness of a
material can be found by comparing the effectiveness of the material at a given
energy level using that material's linear attenuation coefficient. Threshold
energy of 10 Mev was chosen as the constant energy because this is where the
maximum thickness of material is required as seen in figure 6.3.

Aluminum was chosen as the radiation shielding agent due to its previous
use in radiation shielding and its good structural qualities. It is an inexpensive
and readily available material that is proven to hold up well in space due to the
many missions it has already been used in. Using these conditions and the
transmissibility ratio as the comparison between water and aluminum, the needed
thickness of the aluminum is 0.087 inches (calculations 6.2). The thickness of
material for attenuation of gamma rays being greater than that of protons can
now be shown in calculation 6.3 in the appendix.

6.5 Feasibility of Solution for Actual Lunar Application

This structure is physically feasible due to the use of physical verification
of all radiation shielding requirements. No structural problems are foreseen in
using aluminum as the structural material due to its common usage in building
structures on earth. Its sufficient thickness and the reduced gravity on the moon
work to reenforce these assumptions. Aluminum is currently and has in the past
been used in radiation shielding both on earth and in space. This backs up the
decision to use this material for our radiation shielding. Aluminum is readily
available and easy to work with, therefore the prefabrication of the structure
should be of minimal effort. In modelling the shielding structure, ribbed
aluminum sheet is used as a modelling liberty because of its cost and ease of
construction.

Its transportation to the moon should be as easy as transporting the vehicle
due to the shielding easily fitting within the maximum allowable dimensions of
payload on the lunar lander. The shield even allows for additional payload (ie.
habitat) to be transported to the moon with it. The shield can easily be lifted over
the habitat and into place with the vehicle due to its simple shape and rigid
structure. The shielding's prefabrication on earth allows for minimal setup time
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on the moon so that a habitat can be installed into place in the shortest time
possible. '

7.0 Control System
7.1 Problem Statement
The primary purpose of the control system is to provide the power
necessary to adequately position all parts of the machine. In addition to
this primary requirement, the control system must also meet constraints which
are set forth in the contest rules. The constraints applicable to the control
system are listed as follows:
All vehicle systems must be tele-robotically controlled.
No human intervention is allowed inside the contest box.
Power and communications cables may not mechanically enhance the
construction process.
Vehicle must operate from 115 V single phase power and require no
more than 20 amps.
The design may ignore the final constraint, provided the design team fumnishes
an alternative power source. In addition to the constraints posed by the
contest rules, the control system should ideally consider all of the following
goals:
Minimize cost.
Require minimal operator training.
Be easily portable.
Require minimal maintenance.
Be as simple as possible to construct.
Use standard readily available components.
7.2 Problem Solution
7.2.1 Design Decisions
Conceptual Design
The first step in solving the design problem presented above was to
decide between open loop and closed loop control. It was decided that the
added complexity of a closed loop control system would be necessary to allow
accurate vehicle positioning on all types of terrain. A block diagram of the
desired control function is included in the appendix as figure 7.1.
Once closed loop control was chosen, the degree of system automation had
to be decided on. Since the ideal control system is a totally autonomous one,
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this concept was explored thoroughly. After careful consideration, it was
determined that a fully autonomous system is not practical for this
application. The main reason for this is that detailed data concerning the
contest area terrain was not available during the design stages. This lack of
data would have required the vehicle to incorporate many sensors in order to
perform its duties efficiently and to prevent catastrophic failure. This
factor, coupled with financial constraints and the fact that this vehicle will
only be used one time, made a fully autonomous system impractical for this
application.

Once it was decided that human intervention would be required, the
question of radio control vs. hard wiring arose. It was decided that since
direct wiring was permitted by the contest rules it would be more suited for
this application. Reasons for this include the threat of radio interference,
and the lower costs associated with the components required for a hard wired
system.
~ Another conceptual design decision was whether to use a commercially
available motor speed controller, or custom built. Due to financial
considerations, a custom built controller was opted for.

Several concepts were explored for the actual control circuit. The
first of these, which is the simplest, involves wiring a rheostat in series
with each motor. This concept, although it is the simplest and would produce
satisfactory results, was not chosen due to the relatively high cost of the
required hardware.

The second concept for the motor control circuit utilizes a variable
transistorized voltage divider circuit. This circuit provides a reliable
means of motor speed control at a relatively low cost. The main disadvantage
to this concept is the complexity involved in its design and construction.
Detail Design

The main decisions involved in the control system's detail design
involve the selection of components. A detailed analysis of this circuit is
included in the appendix. The actual optimum values
of the components were determined experimentally, using the calculated values
as a starting point. Once the circuit design was completed, an enclosure was
selected and the circuit boards were laid out. Although the circuit board
layout is not optimum, it is acceptable because it is not a circuit designed
for mass production, and the time required to optimize the layout could not be
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justified.

A much more important layout decision involved the control panel. At
first it was desired to have the drive motor speed regulating knobs mounted on
horizontal shafts. This was desired to make the vehicle drive control more
suited to human operation. This issue was finally abandoned because the knob
diameter required to avoid interference problems between the enclosure and the
potentiometer was so large, that it would have required an unacceptably large
human motion for a small control action. A drawing of the final control box
layout is included in the appendix as figure 7.2.

7.3 SYSTEM DESCRIPTION

The final design of the control system involves three separate voltage
divider circuits; each one controlling a separate permanent magnet DC motor.
A schematic of these circuits is included in the appendix as figure 7.3.

These circuits control the individual motor speeds by regulating the voltage
across their terminals. All motors used on the vehicle have the same armature
windings and are rated for a nominal 12 V DC.

The regulation of the motor voltage is accomplished by limiting the
amount of current allowed to flow into the base of the transistors (N1, N2,
and N3). This is accomplished by adjusting the respective potentiometer (R2,
RS, and R8). As the resistance of the potentiometer decrease, more current is
allowed to flow into the transistors' bases. These base currents are
amplified and allowed to flow into the collectors, which are connected to the
motors. The fixed resistors in the circuit (R1, R4, and R7) serve to limit
the maximum amount of current available to the transistors' bases. The
remaining potentiometer (R3, R6, and R9) allow an adjustment of the control
knobs' sensitivity by varying the voltage drop across the base emitter
junction of the transistors.

Directional control of the motors is achieved by three double pull -
double throw toggle switches; one for each circuit. These switches serve to
reverse the polarity of the voltage sent to the motors, which will reverse the
direction of the motor travel.

7.4 SYSTEM OPERATION

The control system is operated by setting the appropriate toggle switch
to one of three positions. These positions are foreword (switch up), reverse
(switch down), and off (switch centered). Once the toggle switch is set in
the correct position, the control knob may be rotated to regulate the motor



speed. A drawing of the control panel is included in the appendlx as figure
7.4.

Directional control of the vehicle is achieved by varying the relative
speeds and/or directions of the two drive motors. Depending on the relative
speeds of the two motors, The vehicle may travel straight, tum gradually, or
turn very sharply. In addition to the position of the vehicle, the control
system also regulates the position of the loader arms. Care must be exercised
by the operator during this maneuver because the loader arms are not equlpped
with limit switches. Allowing the loader arms to travel too far in the
reverse direction may result in damage to the vehicle. Given proper operator
care, this phenomenon should not occur because the loader arms travel very
slowly, so ample time is always available to de-energize the system before
damage occurs.

7.5 FEASIBILITY OF SOLUTION FOR ACTUAL LUNAR
APPLICATIONS

The control system for an actual lunar application could operate on the
same principle as the one designed for this model. However, this system would
have to be capable of handling much higher power levels. This increased load
would result in much more complex circuitry. Due to the increased circuit
complexity, the control unit is not built to a scale of 1:24. In addition to
this, a lunar vehicle using this form of control must have video cameras on
board so that a remotely located operator could monitor vehicle motion, as
well as the vehicle's surroundings.

8.0 COST ANALYSIS

This section describes the total cost breakdown for the project. These
figures are based on actual costs to the team, as well as fair market values
of all used components. Metal costs are based on the actual amount of
material used in the vehicle. This figure does not include extra material
which was included in standard stock lengths. However, the metal cost figure
includes all waste generated by the fabrication process. A detailed breakdown
of the project cost is included in the appendix.
Documentation to support these claims is included in the final project
notebook.

The project cost is divided into the following categories:
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Drive components $355.24
Chassis components $14.74
Shielding components $ 1.00
Electronic components $31.51

This produces a total cost of $402.29. For scoring purposes, this cost is
reduced to $370.98. This reduction is necessary because the contest rules
state that anything not in the contest box does not count in weight or cost
computations.

9.0 Power Requirements

The power requirements for the final design can be divided into three
categories: maximum rated power, minimum available power, and actual
maximum power usage.

The first category, maximum rated power, is defined as the sum of the rated
input voltage times the rated stall current for each motor. This vehicle utilizes
three permanent magnet DC motors, each with identical armature windings.
These windings are rated for an input voltage of 12V and a maximum stall
current of 700 mA. These ratings combine to yield a maximum rated power of
25.2 Watts. Since inefficiency in the control unit is negligible compared to the
power ratings of the motors, the power required to operate the control circuitry
is not included in this figure.

The second category, minimum available power, is defined as the actual
amount of power that the vehicle requires to sustain operation of all systems
under full load. This is an experimentally determined number which is obtained
from the following data. The drive system requires a maximum of 490 mA to
sustain a turn at full operating speed. In addition to the drive system, the loader
system requires 240 mA, when under full load. When all systems are operating
simultaneously, under maximum load, the current required is 720 mA. Since all
of these readings were taken with an input voltage of 12 VDC, the minimum
required power is equal to 8.64 Watts. Since all measurements were taken at the
input to the control system, this number represents the minimum amount of
power which must be available to the vehicle at all times.

The third category, actual maximum power usage, is defined as the maximum
amount of power that the vehicle requires under normal operating conditions.
This value can be obtained from the measurements cited above. Since the drive
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system and the loader system are not designed to operate simultaneously, the
system requiring the most power will represent the actual power requirements.
Since the drive system requires 490 mA under full load, the actual maximum
power usage is 5.88 Watts.

The actual maximum power usage of 5.88 Watts should be used for scoring
purposes, because it represents the maximum power that the vehicle requires
when operated as intended. Even though the previous number should be used for
scoring, the actual power available to the vehicle should be a minimum of 25.2
Watts. This amount should be available to account for any unexpected
circumstances which may arise.

10.0 Conclusion

The design team has succeeded in producing a low weight, relatively low
cost, model for the competition. This design, although functional, could be
improved if time and funding were available.

A major improvement which could be made in the existing design is
further weight reduction. For this model 1/8" thick aluminum box beam is
utilized. The primary reason for this is to allow holes to be tapped directly
into the beam. Given enough time and money, the beams could be machined to
an appropriate thickness, in most places, while still maintaining adequate
thickness for threaded holes, where necessary.
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FIGIARE

CALCULATION OF SHEAR STRESSES FOR TAPERED I-BEAM ABOUT X-AXIS AND Y-AXIS, AR

MEASURED AT INTERVALS OF 1 INCH (x) FROM THE SMALL END. M C AD [
X-AXIS:

VARIABLES ARE b=width of each section cutout, B=overall width, P=tip load, Hb=Ig end height,

flange thickness=.125, stresses are in Ibffin?2

x=0.15 B = .1875 b=0625 P =126 Hb = .93751
A = |Bl5+ X (Hb-5)]-2b].25+X.(Hb- 5) ox. = -
x 15 15 A

Y-AXIS:
VARIABLES ARE: H=overall section height, h=section cutout heights, Fy=force on tip,
Bb=I-Beam large end diameter

H:= 1875 h:=.0625 Bb = 9375 Fy:= .37
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CALCULATION OF COMPRESSIVE STRESSES FOR TAPERED I-BEAM, SMALL END = 5" TALL,
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MEASURED AT INTERVALS OF 1 INCH (x) FROM THE SMALL END. Y-AXIS ROTATIONS.
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Control Block Diagram
Figure 7.1
D

+
Position

Pref.

@H Ge - Gm -

Position
Sensor B

Note: The Pref. and position sensor functions are
humanly generated for this application.



Control Panel Layout
-igure /.2
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Control Circuit

Figure 7.3

o
R1 ﬁf&ﬂ S1
Vin
12-18VDC R2
@
R3
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R3=R6=R9= 1K ohms

M1=M2= GLOBE 415A160. N
M3= GLOBE 415A159. N1=N2=N3= TIP3015

S1=S2=S3= DPDT-CO (3A)
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Control Circuit Analysis
This analysis assumes the following:

® The voltage drop across the transistor base to emitter is .7V.
8 The potentiometer is modeled as two constrained resistors (R2a and R2b).

Input Circuit

Figure ¥-5: Input Equivalent Circuit

The following equations apply to this system. These equations were derived using
Kirchoff’s voltage and current laws.

Vi=Ryd,+Ryp 1, 4Ry 1, (1)
V=R 1, +R, 1,+.7 (2)
1,=1,+1, (3)

Combining these equations and solving for i, gives:



- (Vi=.7) (Ry+R,,+R,)
(Ry*+R,,) (R, +R,,+R,) -R}

(4)

The resistors R2a and R2b must always sum to be the value of the potentiometer, R2.
Output Circuit

A model of the output circuit is shown in Figure 5.6.

14 )

Figure %¥-6: Output circuit model.

The resistance of the motor armature windings is Rm. This value is available in motor
catalogs. For the particular motors used in this design, the value of Rm is 7.8 ohms.
Assuming that the transistor gain is given as Beta, then the voltage across the motor
terminals is given as :

V,=P1,R, (5)

See the design notebook for speed vs torque and current curves for the motors used
in this project.



Summary of Project Cost

Description Amount See Note#
Chain, sprockets, shafts, bushings, gears $204.24 1
Wheels § 20.00 2
Shaft collars and wheel hubs $ 20.00 3
Motors $111.00 4
1" Square x 1/8" thick aluminum tubing § 8.32 5
Migc. aluminum plate § 4.00 é
Bolts $ 2.42 7
Corrugated aluminup sheet $ 1.00 8
Transistors, resistors, switches, enclosure, circuit boards § 26.51 9
Wire $ 5.00 10
Total: $402.29
——

Notes:

1. Classified as drive components. Cost is actual cost of order from Stock
Drive Products. See project notebook for invoice.

2. Classified as drive components. Since wheels were used, value is based on
similar wheels available at local hobby stores.

3. Classified as drive components. Since these items were used, their value is
based on similar components using Stock Drive Products as a reference.

4, (lassified as drive components. Since all motors were used, their value is
based on a quote of $37.00 each from South Atlantic Component Sales, Norcross,
GA.

5. Classified as chassis components. Cost is actual cost for material used.
See project notebook for invoice from Georgia Steel.

6. Classified as chassis components. Since all of this material was scrap, its
value is based on new stock prices of approximately $4.00 per pound. This
estimate was reached after a discussion with a sales representative from Georgia
Steel.

7. Classified as chassis components. See invoice from B&C True Value Hardware
included in project notebook.

8. Classified as shielding components. Since this material was scrap, its value
is based on the new material cost of $.1625 per square foot.

9. Classified as electronic components. See invoices from Radio Shack included
in the project notebook.



10. Classified as electronic components. Since all wire in the system was
previously owned, its value is based on current prices using a R&S Electronics
catalog as a reference.
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Letter of Transmittal

March 10, 1993

Mr. J. W. Brazell

School of Mechanical Engineering

Georgia Institute of Technology

Atlanta, GA 30332

Dear Mr. Brazell:

With this letter we are transferring the final report on our ME 4182
project to you. The report gives our recommendations for the power unit
and power distribution system for the Enabler. We would like to thank
you, Jeff Donnell, and Scott Pierce for your encouragement and assistance.

Sincerely,

John Chamlee, Group Leader
Rick Canfield

Michael Johnson

Doug Kanipe

James Melchiors

Teresa Powell



Executive Summary

The purpose of this paper is to describe the method of supplying power to the
Enabler recommended by Group 5, Power Unit and Distribution System. The goal
of Group 5 was to design a hydraulic system to provide desired pressure and flow to
sufficiently power the enabler.

The power unit consists of a five horsepower Briggs and Stratton model 130200
internal combustion engine and a Hagglunds Denison PV6 Variable Piston Pump. This
engine would be converted from gasoline to propane to reduce offensive emissions. The
power unit is capable of supplying 2000 psi at a constant pressure and a maximum flow
rate of 5.372 gallons per minute.

The power distribution system consists of a network of 1/4", 3/8" and 1/2"
Weatherhead H104 wire braided Neoprene hydraulic hoses that supply hydraulic pressure
to the wheels, the articulating joints, and the boom. Each boom or joint motor requires a
Parker Fluidpower D1VW solenoid operated, three-position, directional control valve to
control the flow direction. Each wheel motor needs a Parker Fluidpower MEV6
proportional directional control valve for smooth operation in forward and reverse and a
Parker D31VW free-wheel / connect valve to control the free wheel and lock positions.

The auxiliary equipment required for the hydraulic system is a reservoir, a filter,
and a relief valve. The reservoir is a custom fabricated 1.4 galion box with internal baffles,
a magnet, and a screen. The filter used is a 10 micron Parker 4Z618 and it is inline before
the reservoir. The relief valve is a Parker RA 12005. It is located after the pump and it is
set at 2300 psi for safety pressure relief.

The 2/3 scale Enabler model needs modifications so that the hydraulic pump and the
engine can be located on the vehicle instead of having them extenal and connected by an
umbilical cord. This modification consists of an extension on the body of the vehicle
effectively changing one of the t-shaped body sections to a cross-shape.
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Introduction

The ME 4182 class meeting Winter Quarter, 1993 continued the work of other
classes to design the Enabler, a lunar work vehicle. The focus was on designing a 2/3
scale working model to be built next quarter by the ME 4192 classes for NASA.

This report describes the specifications for the power unit and power distribution
system as determined by Group 5, Power Unit and Distribution System. Nine
components were examined for the power system. They are:

* Engine

* Pump

* Lines

* Valves

* Reservoir

¢ Heat Exchanger

« Filter

* Relief Valve

* Accumulator
Each component is individually analyzed to see what the operating requirements are and the
equipment is selected to meet these requirements. This report details the hydraulic system
required to power the Enabler.

The heart of the system is a Hagglunds Denison variable displacement, axial piston
pump powered by a five horsepower Briggs and Stratton internal combustion engine
converted to propane fuel. The hydraulic power is distributed to the six wheel motors, the
six joint motors and the four boom motors and is controlled by two and three position
servo valves. The hydraulic fluid, after flowing through a ten micron filter, returns to a

reservoir where air and contaminants are removed.



Engine

The engine is a key component in any hydraulic system. The engine will provide
the necessary input power to the hydraulic system and all of its members. The engine which
will best meet the requirements of the enabler is a five horsepower, propane powered,
Briggs and Stratton Model 130200 internal combustion engine. This engine will optimally
satisfy the various constraints imposed by the hydraulic power system of the enabler. The
engine will provide adequate power to supply all of the system components. This engine
also will be the optimum design and size to be mounted on the body of the enabler. Finally

this engine will meet the requirements of the indoor demonstration.
hp=P(Q) /1714

The Briggs and Stratton engine meets the power constraints imposed on it by the
hydraulic system. The power system of the enabler consists of sixteen individual hydraulic
engines each of which require a certain flow rate and pressure to optimally perform their
designated tasks. Using the flow rates for the sixteen engines and the above formula it can
be shown that the enabler will require at least a 4.5 horsepower engine - a constraint well
within the range of the five horsepower Briggs and Stratton. This horsépower figure is
generated using the maximum pressure (P) in pounds per inch squared and flow (Q) in
gallons per minute under the most adverse conditions (worst case scenario) in order to
insure desired performance at all times.

The enabler will be constructed from a twelve inch inside diameter aluminum tube
and moving over various, sometimes steep, terrain. The enabler will require its engine to
be versatile enough to adapt to the constraints of this environment. Since the Briggs and
Stratton is an internal combustion engine, it requires no bulky external power connections

or potentially dangerous voltage (Aluminum being an excellent conductor). The size of the
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Briggs and Stratton (see Appendix D) makes it easy to place in a ehgine compartment
located at the rear of the craft (see Appendices A-5 to A-8). During operation, the enabler
will be required to traverse various objects in its path. While traversing these objects the
body of the enabler will be angled, requiring the engine, specifically the oil sump, to
operate in this angled position. The Briggs and Stratton engine can be effectively operated
at a constant angle of 25 degrees, reaching angles of up to 35 degrees intermittently.

A gasoline powered engine gives off many unpleasant exhaust gasses that can be
decreased by conversion to propane power. The Briggs and Stratton can easily be
converted from gasoline to propane operation, making it ideal for the indoor demonstration.
The propane power system will be obtained at no charge from Combustion Labs Inc. in
Riverdale, Ga. The propane power system will consist of a propane cylinder, a series of
valves, a regulator, and finally an output port into the intake of the engine (Appendix A-9).

For more detailed specifications, drawings and decision information see Appendix D.

Pump

The pump for the enabler is a Hagglunds Denison PV6 Variable Piston Pump. This
pump supplies 2000 psi at a chosen variable flow rate of 5.4 gal/min. The Displacement is
0.88 inches”3/rev. The dimensions of the pump (see Appendix E) are small enough so that
the pump fits inside the enabler chassis. The weight of the pump is 24 1bs. Additional
features include Nine-piston rotating group, fast compensator response and quiet operation.

The requirements of the system on the pump include three different sub systems:
the wheels, the articulating joints, and the boom. The calculations for the required flowrate
are based on a "worst case” or the maximum power requirement of the combined sub
systems. This worst case is defined as four wheels moving along with 4 articulating joints.

The wheel motors need a flowrate of 0.7 gal/min, and the articulating joints need a flowrate



0.643 gal/min. If all eight of these motors are run at full power for five minutes the
flowrate required would be 5.372 gal/min. Note that the boom will operate only when the

fenabler is stopped. Therefore, the worst case for the wheel-joint systems is assumed to be
a larger drain on the hydraulic system than the boom sub system.

The PV6 pump has two specific features which make it a good choice for this
hydraulic system. These features are the Adjustable Compensator and the Standard
Maximum Volume Adjustment. The pump actually is able to supply up to 3000 psi
however the Adjustable Compensator allows a preset pressure in this case 2000 psi to be
maintained. Then a relief valve will be set for a pressure which is approximately 15 -20
percent higher than the 2000 psi operating pressure. The Compensator actually controls
the swashplate angle. When the swashplate is p‘erpcndicular to the pistons, there is no
stroke and therefore no displacement. However when the pump detects a lag in the
pressure the Compensator moves the swashplate angle allowing the pistons to reciprocate
,and the pump generates more fluid output, resulting in a pressure increase.

The Standard Maximum Volume Adjustment allows the control of the flowrate

leaving the pump. Using the equation:

_ (D)(RPM)
231

Q
[ Q is flowrate in gal/min, D is displacement in inches”3/rev]
the maximum flowrate produced by the pump may be calculated. The speed supplied by
the motor is 3600 rpm. Therefore the maximum flowrate possible is 13.7 gal/min.
However, the needed flowrate is 5.372 gal/min for the worst case. So the pump maximum
volume adjustment may be set for 5.372 gal/min. The adjustment basically reduces the
displacement of the pump to correspond to the speed of the motor and the needed flowrate.

This Standard Maximum Volume Adjustment also eliminates the need for an Accumulator.



Hydraulic Lines

The type hose that will be selected for the supply line is a 1/4 inch 1.D.
Weatherhead H104 hydraulic hose (SAE 100R1 Type AT) with an operating temperature
range from -40°F to +212°F (-40°C to +100°C). The hose has a working pressure of 2750
psi and a minimum bursting pressure of 11000 psi. It has single steel wire braid
reinforcement, a bending radius of 4 inches (17/32 inch O.D.), and the inner and outer
hose material is made of Neoprene - a rubber ma}terial compatable with hydraulic oil. The
return lines will also be selected as a Weatherhead H104 but one will have a 3/8 inch 1.D.
(11/16 inch O.D.) and the other will have a 1/2 inch 1.D. (13/16 inch O.D.). The working
pressure of the 3/8 inch return line is 2250 psi and a minimum bursting pressure of 9000
psi. The working pressure of the 1/2 inch return line is 2000 psi and a minimum bursting
pressure of 8000 psi.

The Power Group will use hydraulics as a means of powering the Enabler. The
hydraulic lines will serve as a way to transport fluid from the pumnp to the various motors
located throughout the body of the Enabler. There, fluid flow is converted to mechanical
rotation and the means by which the Enabler can move is established. Hydraulic
horsepower is equal to the flow rate (gallons per minute) times the pfcssurc (pounds per
square inch) divided by a conversion factor of 1714. In order for the hydraulic system to
be efficient and reliable, certain requirements and a safe configuration of the lines had to be
met when selecting the type of hose.

The required working pressure of the Enabler will be 2000 psi and the hydraulic
lines will have to meet this requirement. A single steel wire braid reinforcement will be
sufficient for our pressure requirement. A maximum flow rate of 2.3 gal/min will also be

required from any one supply line. Our calculations with a 1/4 inch supply line operating at



15 ft/sec would provide 2.3 gal/min and will be sufficient for our required flow rate.
Higher flow velocities are certainly possible without adverse effects to the system.
Hydraulic oil (petroleum base) will be the type of fluid used, so the inner surface of the
hose will have to be compatible with the oil. A Neoprene inner and outer coating will be
the best option for our application.

The cost of the hydraulic lines is another selection criteria. The lowest cost depends
on the vendor and the most economical line configuration possible without affecting the
performance of the Enabler. Due to space constraints, the hose will have to have a small
bending radius in order to allow line connections in small areas, but not too small as it will
incur excessive pressure losses. To have a cost‘effective line configuraion, two supply
lines and two return lines both branching from T’s and running the length of the Enabler
will be used to supply power to the wheel motors. A single 1/4 inch line will supply power
to the joint motors and a single 1/4 inch line will supply power to the boom motors. Both
will have there own 3/8 inch return line.

Another problem is the possible torsion of hydraulic lines due to vehicle appendage
rotation. The solution imposed is to actually coil the hydraulic lines through the body
cavity of the Enabler to allow for rotation by winding the lines and unwinding them. A
minimum number of coils is set at 2 coils per each section or 2 coils between each motor.

For additional information and detail drawings see Appendix F.
Servo-Valves

The servo-valves for the enabler are Parker Fluidpower directional control valves.
For the wheels, two different types of valves will be needed: proportional directional
control valves (Series MEV6) and free-wheel / connect valves (Series D31VW). For the
articulating joints and the boom joints a solenoid operated, three-position, directional

control valve (Series D1VW) will be used.



The two valves selected to control the direction of the fluid to the wheels will be
solenoid operated, proportional, directional control valves and two position free-wheel /
connect valves. The proportional control valve will have three positions. The center
position will be stop, which will not let any flow through. The left position will be the
forward position, which will drive the wheels in the forward direction. The right position
will be the reverse position, which will reverse the flow of the fluid and drive the wheels in
the opposite direction. The Series 6 valves provide precise and variable speed control
without lurching when the wheels start moving. They are controlled by proportional
solenoids, which provide an output flow that is proportional to the input signal. Because
of the proportional signal, these valve will pmvifie precise metering from minimum to full
speed. The maximum flow for each wheel will be 0.7 GPM and this will correspond to a
12 VDC control signal. For the valve to be halfway open, a control signal of 6 VDC is
required. The two position free-wheel / connect valve will be placed between the
proportional valve and the wheel motor. This valve has two positions. The first position
will be the free-wheel position, which will allow the wheel to move without flow being
supplied to the motor. The connect position allows the wheel to operate as it normally
would. The enabler will require one proportional control valve and one free-wheel /
connect valve for every wheel.

The valves for the articulating joints will be a three position, solenoid operated,
directional control valve. The three positions will be the same as the proportional valve for
the wheels. The center position will be stop, the left position will be forward, and the right
position will be reverse. These valves supply a sudden burst of fluid to the motors and not
a gradual build up to the maximum flow as the proportional valves do. This sudden flow
rate will cause the joints to jerk as they try to start turning. Itis preferred to use the
proportional control valves to eliminate the jerking of the joints and to control the different

flow rates required by the motors, but because the proportional valves cost considerably



more than the regular control valves, the above valves are recommended. A total of six
valves are needed for the articulating joints.

The valves for the boom joints will be the same as the valves for the articulating
joints. These valves will control the direction of the fluid supplied to the motors for the
joints. Again it is preferred to use the proportional control valves used for the wheels to
prevent the boom from jerking as it moves, but because of monetary restrictions we will
recommend the normal directional control valve. A total of four valves will be required for
the boom joints.

For more detailed specifications and details on the valves see Appendix G.
Reservoir

Due to the constraints of weight and space as well as the uniqueness of the system,
it has been decided that the hydraulic reservoir should be custom made at the machine shop
at Georgia Tech. This will allow for the optimum design for the system as well as a
competitive cost for the reservoir. The total capacity is to be 1.4 gallons and the overall
dimensions are approximately: Length- 9 in. Height- 6in. Width- 6 in. The complete
drawings and dimensions as well as description can be found in Appendix H.

| Typically the volume of a reservoir is 2 to 3 times the mean flow rate. This would
correspond to a 13 gallon reservoir, and several vendors supply reservoirs in the 10to 15
gallon range. However, the system does not require the reservoir to act as a heat exchanger
so this volume can be reduced. Since weight is a main consideration, the 1.4 gallon
reservoir will be sufficient.

The hydraulic system is part of a mobile vehicle so the reservoir must be
pressurized in order to keep the outlet to the pump flooded. Most vendors do not supply
this type of reservoir. This is another reason why the decision to custom make the

reservoir was made.



Filter

The filter used is a hydraulic return line spin-on filter. The filter has a 10 micron
cellulose medium capable of up to 20 GPM. The maximum pressure rating for the filter is
150 psi and the maximum temperature rating is 225°F. The filter is manufactured by Parker
and is sold through Grainger. The filter has 3/4 in ports that will require couplings to
accommodate the size difference of the return lines.

The main advantage to this filter is the fact that it is inexpensive and readily

available. This filter will meet all the requirements of the system and is easily maintained.

Relief Valve

The relief valve for the system is a Parker RA12008S direct-operated pressure relief
valve. Its maximum flowrate is 20 gal/min, its maximum operating pressure of 3000 psi.
the relief valve will be manually set for 2300 psi. The position of the relief valve will be
directly after the pump. This pressure relief will protect the system from harmful pressure

increase due to a pump malfunction.



Bill of Materials

Component # Vendor Model No.  Per Cost Total Cost
“Engine T Briggs & Stratton 130200  $253.50  $253.30
Pump 1 Hagglunds Denison PV6 $714.00 $714.00
Proportional 3-way valves 6  Parker Fluidpower MEV6 $700.00 $4,200.00
2-way valves 6  Parker Fluidpower D31VW $100.00  $600.00
3-way valve 10  Parker Fluidpower DIVW $150.00 $1,500.00
Relief valve 1 Parker RA1200S $100.00  $100.00
Filter 1 Parker 47618 $15.96 $15.96
Reservoir 1 Fabricated N/A $75.00 $75.00
1/4" Hydraulic hose 99ft  Wheatherhead H10404 $1.67/ft  $158.65
3/8" Hydraulic hose 99 ft  Wheatherhead H10406 $1.80/ft  $171.00
1/2" Hydraulic hose 1ft Wheatherhead H10408 $2.00 /ft $2.00
3/8" cross fitting 2 Aeroquip 20806-6 $11.16 $22.32
1/4” female swival end 140 Aeroquip $3.94  $551.60
3/8” female swival end 55 Aeroquip $4.12  $226.60
1/2” female swival end 6 Aeroquip $4.50 $27.00
1/4-1/4 adapter 115 Aeroquip 2081 4-4 $1.00  $115.00
3/8”-3/8 adapter 30 Aeroquip 2081 6-6 $1.00 $30.00
1/2”-1/2” adapter 5 Aeroquip 2081 8-8 $1.00 $5.00
3/8”-1/4” adapter 19 Aeroquip 2081 6-4 $1.00 $19.00
1/2”-3/8” adapter 1 Aeroquip 2081 8-6 $1.00 $1.00
7/87-1/4" adapter 24 Aeroquip 202702 10-4S $3.50 $84.00
1/4” “T fitting 13 Aeroquip 2090 4-4 $7.25 $94.25
3/8” “T fitting 12 Aeroquip 2090 6-6 $7.78 $93.36
3/8” cross fitting 2 Aeroquip 2080 6-6 $11.16 $22.32
1/4” flow control valve 6 Aeroquip 2090 4-4 $3.60 $21.60
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Appendix B
Accumulator

If additional fluid flow above the capacity of the pump is required, then a hydraulic
accumulator can be added to the system. The accumulator should be of the gas-piston type
so that it can be mounted horizontally. Also, it sho;ﬂd have a maximum working pressure
above the pressure of the system.

In order to determine the additional volume of fluid that is required; the following
equation can be used.

(GPMrequired-GPMmax) X Time = Volume required =Vw
After this volume is determined, the equation below can be used to calculate what size |

accumulator is needed.

__ ww(P3/ P2y’
e(.95)((P3/ P2)"" -1]
where:
P3=maximum system pressure P2=minimum system pressure
Pl=gas precharge pressure f=charge coefficient
n=discharge coefficient e=gas charge ratio P1/P2
Vl1=accumulator size required Vw=required volume of fluid

In order to save weight, a smaller accumulator can be used in conjunction with a
small gas bottle. However, it must satisfy the following equations.
Vaccumulator + Vbottle > V1
Vaccumulator > (1.2)(Vw)

This type of setup will allow the whole volume of the accumulator to be used.



PHE Hydraulics inc. supplies various size accumulators of the piston variety.
These sizes range from 1/2 gallon to 5 gallons. Also, this company can supply a gas bottle
system compatible with the accumulator. The prices of these accumulators range from

$100 to $300.
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PRESSURE COMPENSATOR CONTROL
WITH MAXIMUM VOLUME ADJUSTMENT

The C and F pressure compensator control allows the pump
to deliver full volume from the outiet port until the pressure
rises to the value set by the control. One turn clockwise of the
pressure compensalor adjusting screw represents a pres-
sure increase of approximately 650 PS| (44.8 bar).

The control then reduces the pump volume o thal required by
the system while maintaining the presel pressura at the outiet
port. The stroking piston is controlied by a 3 way valve which
is shifted by discharge pressure.

The fast response (typically 50 ms off stroke and 120 ms on
stroke) and high flow capacity of this valve holds pressure
overshoot and undershoot to a minimum.

The minimum compensating pressure is 130 PSI (9 bar). An
adjusting screw complete with locknut allows the pump vol-
ume to be set between maximum and zero.

Clockwise rotation pumps have the pressure compensator
control located on the left side of the pump body, on counter
clockwise rotalion pumps the control Is on the right side.
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.- DANA CORP/ WEATHERHEAD

29E D WW 2623055 0002790 7 -“‘E-;u.}-n

G TN

Gt

Hose Medium Pressure
. Min. wt.
HO69 General Purpose Catiog | Hoes | Hose WOri| pary | MR |19e8 o | vl | ese
Truck Hose Nomber | 10. | 0.0, |0 | pres. | 60 | N1 100 | Longths | Enes
SAE 100R5 P | sy R
SAE J1402 TYPE it s e
HOE904 | 3/16 | 33/64 | 3000 12000 | 3 | 30 | 16]50°,250°| .
HO6905 ( 1/4 | 37/64 | 3000 | 12000 (3-3/8| 30 | 20 | 50°,250°
HOG906 | 5/16 | 43/64 | 2250 9000 | 4 | 30 |23 anzw'uuoqym
QNS m1m49mmm+mmz750'.zso'.m
———— ; > |Hoes10 | 172 | 59/64 (1750 7000 |5-172| 30 ) 36 |50'250' | pageg 6870
ypics ication: um pressure hydrauhc, air, ofl, . 89 »
fuel or grease lines on fork lifts, trucks & off highway Hos912 5/8 1-5/54 (1500 6000 |6-1/2] 30 | 41 au.,ZSO' M'
vehicles: -16 thru ~48 sizes are not DOT approved. | HO6916 | 7/8 [1-15/64( 800 | 3200 |7-3/8| 20 | 46 |50',250°| 069 ‘D',
:'."l:;o'r:b: ?IT"I%.W Braid - 1 Stee! Braid HO6S20 | 1-1/8 | 1-1/2 | 625 [ 2500 | § | 20 |51} SO mwTN.
e B2 106924 | 1-3/8 | 1-3/4 | 500 | 2000 1o-1/j 15159 50 | ‘geins
Temp. Rlnue::zoes"l’_t: gﬁ (40°C to + 14%°C) | HOES32 {1-13/16] 2-7/32 | 350 | 1400 113-1/4] 11 | 90! 50' |Pages 84-%
40°F 10 + 2500F (40°C to + 1210 | HO6940 1 °2-3/8 | 3.7/8 1 350 | 1400 | 24 43| 50
sizes -20 thry -48 HOG948 | 3 [3-9/161 200 | 800 | 33 28| S0 '
<. tsizes -4 thru <12 only -
B : Min. w,
H169 Hydraulic Hose Caniog | Mose | Hoss |WOr| g | M. 1R |py | peui | posa
. Number | LD. .O.D. S0 :;g) Rsdll | Vac. Hﬂ Longths Ends
H16904 | 3/16 | 33/64 (3000 12000} & | 30 [ 16 |50",250'
H16905 | 1/4 | 37/64 | 3000 | 12000 |3-¥/8| 30 | 20 |50',250 !Wl-ﬂ-?lp
M16906 | 516 | 4364 (2250|9000 | 4 | 30 |23 [so.260| %, E
H16908 13/32 49/64 | 2000 | 8000 |4-5/8| 30 | 27 | 50°,250' |Pages 68-70
H16910 | 1/2 | 59/64 | 1750 | 7000 |5-1/2| 30 | 36 [50°,250 llcuul')lo
M16912 | 5/8 |1-5/64 | 1500 | 6000 |6-1/2| 30 | 41 |50°,250° ﬁ,?"’f
"~ USCG Fiuid Power and FueliLube Systems Accepteg | 1189161 7/8 |1-15/64' 800 | 3200 | 7-3/8) 20 | 46 | 50'.250" | pages 94-99
¥ST:|| Tcer&m Meg — | H16920 | 1-1/8 | 1172 | 6251 2500 | 9 20 | 51 50’
pp : Medium pressure air, fuel, grease, "
oz.ptfuck and power stocniny fines. H16524 | 1-3/8 | 1-3/4 | 500 | 2000 10‘”1 15 159 50
Inner Yube: Neoprene X H16832 {1-13/16| 2-7/32 | 350 | 1400 113-1/4 11 | 90| 50’
Relnforcement: 1 Fiber Brud - 1 Steel Braid -
.. Cover: Neogrene Perforaied
" Temp. Ranye: -40°F to +2120F (-400C t0 + 100°C)
H104 Hydraulic Hose work | M- | g | imen. (W
Catalog | Hose | Hose Burst y | Por| Avall. Hosa
SAE 100R1 TYPE AT Pres. Band | Mere,
Number | 1.D. 0.D. 30 ‘P;:) Redll | Vac. 'lFl‘I.! Longths Ends
10404 | 14 | 17732 275011000 | 4 | 30 |15 50 250
H10406 | 3/8 | 1116 |2250| 9000 | 5 30 |22 .":05'&125!)'h
" |Coll-0-Crl
H10408 | 172 | 13/16 [2000{ 8000 | 7 | 30 |29 505'60250' W m:'
€. " : . ' M
e 32235{3';;‘;';:“":‘”"“'"‘ ?y"":" Acceoed | yioaro | 8 | 15016 {1500 | 6000 | 8 | 30 |4 |s0r250° "™
* Typics! Application: Most commonly used for medivm ‘ ' ’
pressure hydraulic knes. Especially popular for farm H10412 | 34 11-3/32)1250 SNO 8172 20 |40 | 50,250
; " implement hydraulic kines. H10416| 1 |1-13/32{1000| 4000 | 12 | 20 | 50 { 50',250"
. Inner Tube: Neoprene
: Relnforcement: 1 Steel Braid H10420 | 1-1/4 1-23732| 625 | 2500 {16-1/2) 20 | 78| 50'
S Cover: Neoprene .
o Temp. Range: 40°F 10 +2120F (-40°C to + 100°C)
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Valve Detail

Motor
N1
< 2 Position Valve l
m (Driven/Freewheel) N
4 3 Position Valve
(Forward/Stop/Reverse)

Supply Return
ME4182c

Gl Power Supply — Group 5 kevision 1










iechmeca!l information

 Series 6, MCV—ISO

Dimensions

Millimeter equivalents for inch dimensions are shown in (**)

These drawings show a typical two function electrohydraulic proportional valve assembly which is used with load
sense pumps and auxiliary shuttie option. Mounting brackets can be reversed 180°

4.28 PORTS

(109.73)

348
®9.22)
10.05 FA FA | Lsa H v
(257.68) e o X A ?
(72.56)
e ‘ & 4 (N
— — (168.45) _/ ——sac4
SAE 8 LOAD SENSE
OUTLET SIGNAL
(AN ONLY)
PRESSURE COMPENSATED
FLOW CONTROL - (;'_;g)’
ADJUSTMENT
CCW TO INCREASE FLOW — (73532 o=t
CW TO DECREASE -33)
422 TYP.
(108.20)
DIN 43650
1.81 TERMINAL
(46.40 TYPICAL
TYP.
CURRENT TO
COIL ON B END
] fo— 335 POWERS B PORT
(10.25) 40 35 ———wnd
(85.89) SAE 6 nr:
7 :?RK PORT A3 TYP.MTG.
SAE BN\ toy| Bl e P | l BRACKET
INLET 2.33)
(23.07} .90 TYP.
N . @ 512 K
¥ A A -
219 146 e TYP.
A M ¢31.27)
(56.15) 3.0 TORQUE TO
sr m-r) 50 IN-LBS
©1.27) 3.1[ S N
SAE 4 / { 2.03 (52.05) |
Z PORT l v,
(OPTIONAL) i
@717 1.4 — A (1 1k \
(5102198 —
| AWDIA. (10.51) “kx
(7512} 293 = MOUNTING HOLE
TYP. 3 PLACES
(=2.56)
(96.66) 3.77 - 32
1.8
{46.40)
7.30 &
(18747} =~ T:g D
(117.54)
(197.42)
Hydraulic Valve Division
HPI Valves 7 .
Sturtevant, Wisconsin Fluidpower
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Series D1

General Technical Information Valves, Directional Contr¢
Engineering Performance Data D1V Pressure Drop Reference Chart
D1V Series Pressure Drop vs. Flow Spool Curve Number
The chart to the right provides the flow vs. pressure No. | P-A| P-B| P-T| A-T| B-T| B-A| A-B
drop curve reference for D1V Series valves by spool 1 4 4 - 1 1 - -
type. 2 3 3 4 | 1 1 - 4
Example: 3 4 4 - 1 1 - -
Find the pressure drop at 6 GPM or a D1V with a 4 4 4 -1 1 1 = -
number 1 spool. 5 3 4 = 1 1 -
Using the top chart, locate the numeral 1 in the spool 6 3 3 - 1 1 = —
number column. To the right of the numeral 1, locate 7 4 | 31 6] 1 1] -1 6
the numeral 4 in the P-A column, and the numeral 1 in 8 2|1 21 6| 41 4| -1 6
the B-T column. g 21 2 6 4 4 - 6
Using the bottom graph, locate curve 4, the pressure :? : : — ; ; ——
drop P-A is 28 PSi at 6 GPM. Then using curve 1, the — =
pressure drop B-T at 6 GPM is 22 PSI. Total pressure 14 2 S - [ B I A
drop through the valve is then 28 + 22 = 50 PSI. :5 : g = : 1 =1 =
Note: Pressure drops should be checked for all flow 28 51 5 N S R R ma
paths, especially when using non-symmetrical spools . T 4 7 = ] n
(spools 3, 5, 7, 14, 15, 16, 21 & 22) and unbalanced — —
actuators. 22 71 4! -1 -1 1! -1 4
30 5 5 = 2 2 - -
Pressure Drop Chart
Bar PSI
35-1)500 3
30 Z/
400 7
/ 4
3
25+ .
YV
300 / A / >
20- / avs
A 1
DRoP / A =~
154
(AP) 200 ) N /4 //
/ T |2~
10 /J // /// ;lf/,/
1
oo | A A
v - T
5- -
1
GPM1 2 3 4 5 6 7 B8 9 10 11 12 13 4 15 16 17 18 19 20 21 22
0 T T T T T T
M 10 20 30 40 50 60 70 80 8
Flow
Curves were generated using 100 SSU VISCOSITY CORRECTION FACTOR
hydraulic oil. FO( any other viscosity, Viscosity (SSU) 75 150 200 | 250 300 350 400
pressure drop will change as per chart. ["o."o¢ AP (Approx) | 93 | 111 | 119 | 126 | 132 | 137 | 141

For additional information — call your
local Parker Fluidpower Distributor.

G
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General Technical Information

‘Series v1v

Valves, Directional Control

Switching  Barg PSI
Limit Chart 3457 %% |9 TTTT
by Spool 300 l I l__d l |
Number 4000
’ o TT}T 1T'
Supply 54 3000 | l—— | —
presnrs TTINTT
1l
100 I |2. é 1&, 2(;) |
1000 — —— — —
501 RN
A 111
GPM 14 15 16 17 18 19 20 21 22 23
LM éO 7'0 BIO ]83;
Example:

Determine the maximum allowable flow of a D1V Series
Valve (#30 spool) at 1200 PSI (83 Bar) supply pressure.
Locate the curve marked “30", At 1200 PSI (83 Bar)
supply pressure, the maximum flow is 8 GPM (30 L/M).
At 2000 PSi (138 Bar) the flow is 7.5 GPM (28 L/M).

Notes:

1. For F & M style valves, reduce flow 1o 70% of that shown

2. For AC low-watt coils, reduce fiow to 40% of that shown,
3000 PSi max.

3. For DC low—-watt coils, reduced flow to B5% of that shown.

Mounting Position

Detent — Unrestricted (Lever)

Detent — Horizontal (Solenoid, Pilot Operated)
Spring Offset — Unrestricted

Spring Centered - Unrestricted

For Maximum Valve Reliability, Adhere to
the Following Installation Information

Recommended Mounting Surface

Surface must be flat within .0004 inch T.1.R. and
smooth within 32 micro—inch. Torque bolts to
50 in~bs. (5.6 N.m)

Mounting Pattern
D1V - Subpiate mounting, NFPA D03

M5-0.8 (10.24 UNC-28) Theo.

'-Em 10.40 (.410) min. thrd. depth
(Formerly D01), Cetop 3 & NG6. - ﬁm
) I — o Al e
'Mimr':neter Equivalents for Inch Dimensions 5 — @ =
are shown in (**)" . .
oo | L% - / Dy mas, X8 Y pons
—Ac ) _19__ - —(
I 1 8] + 75
(:‘;‘i, lﬁ A 155) 1 - L 4 C’J—/ D3 max. PABTpons
X 2.0 J
| DT [eE ol
2175 (ot \1 8 3.86/4.27 (152/.168)
4 e + gu'4.oca (1.6) min. depth
P 01
D=1t 28 @4
5
l ;12.7; }

4.80 (.19) R. max. typ. 4 piaces

Mounting Surface D1V Directional Control Vaive Manitold M'TD. (NFPA D03, Formerly DO1); Cetop 3 & NG6
Note: X and Y Ports are required for subplate piloted D1VP valves only

Hydraulic Valve Division
Elyria, Ohio 44035

¢S
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Technical Information

Series D1VW

Solenoid Operated, Directional Control

Engineering Performance Data

Mounting Pattern| NFPA D03, (Formerly DO1);
CETOP 3; NG 6
; Operating 5000 PSt (345 Bar)
M C.5.A. rating 4000 PSI @
Tank Line:
1500 PSI (103 Bar) - Standard
3000 PSI (207 Bar) - Optional
200 PSI (13.8 Bar) with monitor
switch (10 option)
Nomina! Flow 8.5 GPM (32 Liters/Min.)
Maximum Flow See chart on page 3
Response Time
- - Nominal response time (milliseconds)
Solenoid Electrical Characteristics * _at 5000 PSI, 8.5 GPM
Solenoid | Nominal | In Rush | Holding
Code | Volts’'Hz | Amps Amps | atts Solenoid Type PulHn Drop-Out
v 12060 | 2.00 049 | 25 AC 13 20
110/50 2.10 0.58 27 DC 32 40
YE** 120/60 0.90 0.18 10 Solenoid Ratings
110/50 0.94 0.20 9.5 insulation Class F
240/60 1.00 0.26 25 I
T Allowable Deviation
220/50 105 0.31 27 from rated voltage -10% +15%
R 24/60 10.50 2.70 27 Wet Armature Type
RE* 24/60 550 0.85 10 Explosion Proof Solenoid Ratings
U.L. (PO7) Class |, Div. 1 & 2,
L 6 VDC _— 5.00 30 gulroupf CD_& D.
LF* | svDC | — 4.00 24 Ggﬁ‘);'E 14 &1 é 2
K 12 VDC —_ 2.50 30 As defined by the N.E.C.
KF+t 12VDC — 2.00 24 M.S.H.A. (P08) Complies with 30 CFR,
J 24 VDC _ 1.25 30 Part 18.
JF+¢ 24 VDC — 1.00 24 Solenoid Electrical Characteristics *
p [120voc| — 0.25 30 P0G and Po7
DFt [120vDC | — 0.20 | 24 Solenoid | Nominal ampe | eroed | wats
z 250 VvDC —_— 0.12 30 Q 100/60 2.60 0.70 27
ZF+ 250 VDC _ 0.10 24 Y 120/60 2.20 0.58 27
T 240/60 1.10 0.29 27
*Based on nominal voltage @ 72°F. R 24/60 11.10 2.980 27
“* PSI, 40% ft | A.C.
3000 40% rated flow (low watt A.C.) L 6 VDC — 5.50 23
+ 3000 PSI, 85% rated flow K 12VDC — 575 3
ﬁ C.S.A. file LRE0407 J 24VDC | — 136 | 33
D 120 VDC _— 0.28 33
Zz 250 VDC — 0.13 KK}

Hydraulic Valve Division

Elyria, Ohio 44035
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‘Series DIVW
Technical Information Solenoid Operated, Directional Control

Dimensions

“Miliimeter equivalents for inch dimensions are shown in (**)"

Conduit Box, D.C. Solenoid, Double

1.89 —
48.0)
‘ THIRD-ANGLE
PROJECTION

459 1.89
. 4801,
. 230___(11F6) s | 01
(58_.4) y [3.0)" |‘_J (23.0)
T T 1T
i 364
3.64 275 7(92.5)
(92.5) i ' —1(65.3)
| 1.9
D.C SOLENOID D.C. SOL‘ENO|D + 500)
474 hd 4.74 94
(120.4) 0.48 (2408) (120.4) (23.9)
Conduit Box, D.C. Solenoid, Single
459
- =, 230 (1166
| rossar—
: : "
| }
! 364 * Minimum clearance for coil removal
l\ \1 (92.5) —D.C.2.25(57.2)
q ** Minimum clearance for solenoid removal
D.C. SOLENOID | —D.C. 1.00(25.4)
®
4.76 % 183 _.]
(120.9) v {46.5)
6.68 (169.7)

Hirschmann, A.C. Solenoid, Double

f A 1
1.89 A\ /|
“e0) RROJECTION.
189 _
91 80
T SoT 1
I I lﬂ 7Y
3.16 =5-* O l
8.3) | 297
2 06 275 (75.4) DC.
(52.3) m;“' SOLENOI H b C. SOLENOID : (69.9)AC.
151 ] ol 1
= (38.4) 94 |
8.29 (210.6) 1 (23.9)
Hydraulic Valve Division
Elyria, Ohio 44035 ark
67 Fludpower 1
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Appendix HX

Reservoir Description

The body of the reservoir is to be made from steel which is about 40 thousandths of
an inch thick. This is so that the sides can be welded to the top and the bottom. The screen
is 100 mesh steel screen. It should be placed at a 30° to 45° angle to the bottom. This will
provide optimum performance of removing the air from the fluid. The baffles are to be
made from the same steel as the body. Two baffels were used to increase the lenght the
fluid has to flow without increasing the velocity of the fluid.

The level indicator is available from Grainger and is made by Dayton. The model to
be used includes a temperature guage and is model number No. 1A760 Reservoir Fluid
Level Guage. The cost is less than $14. The filler cap is a standard container cap available
from several vendors. The pressure relief valve is a standard relief valve and should be set
for about 2 psi. The magnet is a permant type and should be mounted on the bottom of the
reservoir where the velocity of the fluid is the least. The inlet and outlet ports will require

fittings to connect them with the hydraulic lines.






XE IVE SUMMARY

The purpose of the actuators and motors group is to provide a system for the
chassis that will enable the wheels and the joints to move by selecting motors and
the drive systems. This report investigates the possible drive systems by their torque
and power requirements. The chassis needs six motors for the wheels and six
motors for the joints. Char-Lynn model 101-1057 motors were chosen for the
wheels and White Hydraulics model RS5-04 motors were chosen for the articulation
joints. The drive system for the wheels includes a spur gear system which connects
onto a drive shaft. The drive system for the articulation joints includes a silent

chain attached to the tube, run by a motor gear.
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INTRODUCTION

Problem Statement

Our project was to develop a means of driving the six wheels of a remote
control lunar rover, the ENABLER, and also to provide for the relative rotation of
- the six articulation joints that were used for steering and negotiating obstacles. The
use of hydraulic power was required.

The wheel drive system should be lightweight, inexpensive, and as small as
possible. Also, this drive system should be easy to manufacture.

The articulation joint drive should be simple, lightweight, easy to build, and
inexpensive.
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DESIGN OVERVIEW

Wheel Drive

The wheel drive involves five main parts: a hydraulic motor, a drive shaft, a
small gear train, a motor bracket and a wheel plate that connects the drive system to
the existing wheel hub. Only two components of this system, the motor bracket and
the wheel plate, will have to be custom machined. The motor transmits power to
the hub through a set of two steel spur gears. These gears give an overall drive ratio
for the system of 1:1.465. At its maximum performance, the hydraulic motor will
have an output torque of approximately 876 in-lbs. The lower gear is held onto the
motor shaft by means of a specially cut end plug which can be screwed directly into
the motor shaft. The upper gear is held in place by means of a key way and set
screw. The drive shaft is supported on one end by the wheel plate, and on the other
- end by a small Torrington needle bearing. See Figure 1.

iculation Joint Dri

Driving the articulation joints requires significantly more power than the
wheels. The drive system will be subjected to varying and reversing loads, torques,
and impacts. This necessitates the use of powerful motors that drive a lightweight,
but strong, system. The system must also adapt to small misalignments of the drive
train.

The drive system consists of the following items:

-Hydraulic Motor
-Motor Mount Bracket
-Drive Sprocket
-Drive Chain

-Chain Clamps
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CONSTRAINTS

Wheel Drive

The items below, in Table 1, are the constraints on the wheel drive.

JTablel

Temperature -5° to 100° F

Motor Controls Forward, reverse, brake, freewheel

Motor Horsepower .65 hp

Motor Torque 876 in‘lbs

Final Drive Torque . 1091 in'lbs

Motor Size 7"x4"x4", small as possible

Motor RPM 49.5 RPM

Manufacturability All components should be
manufactured by Georgia Tech
equipment if possible

Mobility Move on 4 wheels up a 17° incline

Supplied Pressure 2000 psi

Articulation Joint Drive

The items below, in Table 2, are the constraints on the articulation joint drive.

Table 2
Temperature -5° to 100° F
Motor Controls Forward, reverse, free spin
Motor Horsepower 75 hp
Motor Torque 1350 in-Ibs
Supplied Pressure 2000 psi
Motor Size 7"x4"x4", small as possible
Motor RPM 35 to 60 RPM
Manufacturability All components should be
manufactured by Georgia Tech
equipment if possible
Mobility 1800 cw and ccw from a 0° reference
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SELECTIONS FOR THE WHEEL DRIVE
Motor

The selection of the motor is the most important part of our project. Any
other analysis or selection was based on the type of motor to use. We have chosen
the Char-Lynn H-series #101-1057 Hydraulic Motor to drive the wheels. The motor
has a 1" SAE 6B splined drive shaft and 7/8-14 o-ring ports, with a 4-bolt flange for
connection to the motor bracket. With the 0.6 GPM flow rate given, each motor will
be able to obtain a RPM of 49.5 RPM. The rated torque of each motor is 876 in:lbs,
making the motors 98.3% efficient. The motor will be able to run at a pressure of
2400 psi, which is well within the 2000 psi constraint. Our motor will be using a gear
system to obtain the correct amount of RPM to the wheels. The gear ratio that we
will use will be 1:1.465. This motor is the optimum motor because of its' abilities
and it's size. Not many hydraulic motors fit the pressure, flowrate, and
displacement requirements. This motor is relatively small and is easy to mount.
This motor is easily accessible and relatively inexpensive, $130 per motor. We will

need six of these motors, one for each wheel.
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Motor Bracket

A motor bracket was designed to keep the motor stable during operation, as
well as, provide a place to hold the wheel drive shaft. As seen in Figure 2, it is a slab
of ANSI 6066 Aluminum 4" wide and 0.5" thick. The bracket will be mounted onto
the upper sleeve with six ANSI UNC Type 8, 0.164 diameter SAE Grade 1 steel
machine screws. Each screw will be 1" in length. On the lower half, the motor is
connected by the use of the 4-bolt flange and four 3/8-16 UNC machine screws, each
1" in length. The drive shaft of the wheels is also stabilized on the motor bracket by
going through the center with the bearing used for semi-frictionless rotation. The
motor bracket will be manufactured by the equipment supplied at Georgia Tech. As
seen in Figure 6 and 7, finite analysis was done on the bracket using the I-DEAS
program to determine the dimensions. The dimensions were selected to obtain the
maximum support for the motor and shaft while using size and weight as

constraints.
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Gear Drive

Since there isn't a motor available that can be connected directly onto the
wheel drive shaft, a gear system is used to obtain the correct wheel RPM. A simple
spur gear system with a gear ratio of 1:1.465 will be used. The two gears chosen are
from the Lynn Gear Company. They both have a diametrical pitch of 8, a face width
of 11/4", and a pressure angle of 14.5°. The motor shaft gear, the driver, will be gear
#8FS15, which has 15 teeth and costs $27.10. The wheel drive shaft gear will be gear
#'FS522, which has 22 teeth and costs $36.90. We will use six of each gear for the
final project. The driver gear will connect onto the motor by use of a AISI 1040 steel
plug as seen in Figure 3. The plug will be holding the gear by the use of a 1/4-20
UNC-2B machine screw that press fits the plug against the gear, which is on the
splined shaft. The wheel drive shaft gear will connect onto the drive shaft be the
use of a AISI 1040 steel key as seen in Figure 3. The key will have dimensions of
2"x1/4"x3/16". The gear will be press fitted onto the key. A gear system was chosen

over other methods of drive due to simplicity, dependability, cost, and accessibility.

Page7



Drive Shaft

The drive shaft of the wheel drive connects the power from the motor to the
wheels. We will be using a stock 15/16" diameter AISI 1040 steel shaft which is
available from Bearings and Drives Incorporated which is located in Atlanta. As
seen in Figure 4, the shaft will be connected to the hub mount on one end, then
have a gear connected onto it on the other end, with support from the motor
mount. The shaft is 7.856" long and will have two key ways cut into it to hold the
AISI 1040 steel keys, as seen in Figure 4. The section cut into the shaft that holds the
gear on will have dimensions of 2"x1/4"x3/32". The section cut into the shaft that
holds the shaft onto the hub mount has dimensions 2.25"x1/4"x3/32". The gear will
be press fitted onto the shaft and then the shaft will be press fitted into the wheel

plate.
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Bearing

The bearing maintains the smooth rotation of the wheel drive shaft. We
have chosen a Torrington needle roller bearing #B-1516 which is open ended. The
needle bearing has a 15/16" bore and an outer diameter of 1 3/16". The width of the
bearing is 1" and it has a dynamic load rating of 4750 Ibs and a static load rating of
13600 lbs. The bearing is designed to withstand a great magnitude in radial forces,
which are the only forces acting on this bearing. The bearing will be press fitted into

the motor bracket. The bearing costs $5.54 and is available from Bearings and Drives

Incorporated.
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Wheel Plate

The wheel plate was designed so that the wheels could be connected to the
drive shaft. The wheel plate is connected onto the hub as seen in Figure 5 by eight
equally spaced 8-SAE grade 1, ANSI UNC-8 machined screws. The wheel plate will
be made out of 6066 Aluminum and will be manufactured at Georgia Tech. The
drive shaft will connect onto the hub mount by way of a 1040 steel key. A groove
will be cut into the wheel plate with dimensions 2.25"x1/4"x3/32". Then, the drive
shaft will be press fitted into the wheel plate.
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EL I FOR ARTI ATION JOINT DRIVE
Motor

The motor selection was based on the articulation joint constraints. The
motor selected is the White Hydraulics RS-04 model. This is a 4-hole face mounting
motor with a displacement of 4.62 in3 and a rated torque of 1480 in-lbs. at 2000 psi.
The motor shaft is 1” in diameter and 1.75” in length, and employs a key way and set
screw for mounting accessories. The motor is to be mounted on a bracket that
attaches to the upper bearing flange of the articulation joint. The inlet and outlet
ports are 7/8" in diameter and are located on the top of the motor for easy access to
the hydraulic supply lines. See Appendix H for the performance details and limits.

This motor met our space limitations as well as our torque requirements. It
weighs only 13 lbs, which will not put undo stress on the mounting bracket or the
bearing sleeve. Also, this motor can handle the overhung loads produced,
therefore, an overhung adapter will not be necessary.

Because the motor shaft is larger than the maximum bore of the drive gear, a
standard adapter will be used to step down the shaft size. A non-standard motor
shaft was far too costly, and machining the motor shaft was nearly impossible. The

additional length of the adapter will be compensated by cutting off the motor shaft.

-
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Motor Mount Bracket

The bracket was designed based on a load capacity of 2160 lbs., and geometric
constraints that limit the size of the bracket and dictate the position of the motor.
The bracket will be subjected to reversing loads and moments. The mounting face is
3/8" thick, with slotted holes for accurate motor positioning, and is fixed to a
curved, .25" thick base that bolts to the upper bearing flange inside the joint, using
three 3/8" bolts (see Figure 11). Steel inserts will be fixed within the upper flange to
accept the mounting bolts. Approximately 3/8" of material will have to be removed
from the edge of the bearing flange in the area where the bracket will mount. This
is necessary to properly position the motor relative to the drive components on the
lower bearing flange. The bracket will be machined from 6066 aluminum. A finite
element analysis was performed on this particular bracket design and verified the
feasibility of its application (see Figures 13 to 14).

Originally, a fixture for restraining the hoses and cables of the power
distribution system to the center of the tube body was integral to the motor mount
bracket, but it was discovered that it was unnecessary due to the method of hose

connection and routing used by the power group.
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Drive System

The final articulation joint drive design employs a Morse 3/16" pitch silent
chain. The chain, which is 1" wide and has 160 links, will be mounted to the inside
surface of the lower bearing flange as an internal "pseudo-" spur gear. The chain
will be driven directly by the motor through a 1.25" diameter spur gear (maximum
bore 11/16") and will have to endure loads in excess of 2100 Ibs. This results in a
final gear ratio of 8:1 and a motor torque of 1350 in.-lbs.

The silent chain was chosen because of its light weight, small size, and high
strength as opposed to steel gears or belts. Also, a chain does not need to be located
as accurately as an internal or planetary gearing system would, making for greater
reliability under use. The silent chain was chosen over other types of chains because
its high tooth profile requires less wrap on the sprocket, and because the desired gear
ratio could be preserved, whereas it could not with a roller chain of comparable

pitch. See assembly drawings in Figures 8, 9, and 10.
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Chain Clamps (Cleats)

The silent chain will be mounted to the lower bearing flange using specially-
designed cleats. Six to eight cleats will be bolted to the flange and will restrain the
chain in all directions. The cleats will be machined from 1040 steel and will be
fastened to the lower bearing flanges by two 5/16"”-1.5” bolts. Steel inserts will also
be used here to anchor the mounting bolts in the aluminum. These cleats will have

~5 teeth machined into them which engage the drive chain. These cleats will make

for easy chain replacement and maintenance. See figure 12 for clarity.
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CONCLUSIONS AND RECOMMENDATIONS :
RTI T1 I

Analysis of the selected components shows that they are adequate for most
performance specifications. However, our group has some concerns regarding the
overall dependability of the total design under certain modes of operation.

One of our main concerns pertains to the sporadic motor rotations resulting
from the low available flow rates from the power distribution unit. The selected
motor had to meet certain torque requirements, which limited the range of possible
alternatives. A motor capable of smooth operation at these low flow rates would
not have generated the necessary torques. These sporadic rotations of the motor
could cause severe impact loading on the articulation drive components ( i.e. gear
teeth, bolts, and drive chain). This loading could greatly reduce the service life of all
related components.

Another concern regards the control of the articulation joint motors. Due to
the varying torque loads on each motor, a motor rotation speed control combined
with a position control would be necessary for optimum performance. This type of

control would facilitate synchronization of joint rotations and smoother operation.
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APPENDIX B
Wheel Drive: Motor Justificati i Analysi

Decision on t T f nsducer

The Wheels group decided that the best way to power the ENABLER is a
system of six, individual, reversible, hydraulic motors. The enslavement will be
provided in the hydraulic system. That is, each side will be powered by the same
hydraulic circuit. The braking of the wheel will come from closing off the hydraulic
circuit. The motor will free-wheel when an open circuit is applied. The reasons for
this decision are as follows:

1. This system can easily meet the performance, directional, enslavement, and

free-wheeling criteria with the amount of power supplied by the hydraulic

2. Hydraulic motors are readily available through a variety of suppliers.

3. It may seem to be more costly and more massive to drive the ENABLER

with a motor for each wheel than it is to drive the ENABLER with, for

instance, a motor for each side. However, due to the geometry and the
dynamics of the ENABLER it would be extremely difficult to mechanically
transmit power from a motor to three different wheels.

4. Hydraulic motors are available to fit within a 12 in. diameter tube.

Motor Specifications:

The motors group used the above information to come up with a range of
motor specifications that would satisfy the needs of the ENABLER. They are as
follows:

* At least .58 horsepower per motor.

* Assume a gear ratio from 1 to 5.

* Motor R.P.M. from 33.78 to 168.9

* Displacement Range from .821 in3 per revolution to 4.1 in3 per revolution
* Operating pressure of 2000 psi

* Flow rate of .6 Gallons per minute.

Motor Performance Calculations:

Assumptions:
1000 Ibs. vehicle weight.
Three Wheels in contact with the ground
Travel at 3 m.p.h. up a 17° grade.
Radius of wheel is 14.92 inches
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Analysis:

The worst case performance situation is when the ENABLER must climb a
17° grade at 3 miles per hour on four wheels. The force at each wheel will be:

Fw=(1000sin 17) / 4=73.11bs
Torque = Fyw* Radius = 73.1* 14.92 = 1090.65 inch pounds.
Wheel RPM at 3 m.p.h. is 33.79
Horsepower= T * RPM /63025 = 1090.65 * 33.8 /63025 = .58 horsepower.
Using available flow rate and pressure to each motor:

Horsepower=pressure*flow /1714=2000+0.6/1714=.70 Meets Constraint
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APPENDIX C
1 Drive:; I 1

The motor mount was statically analyzed. The forces were calculated on the
motor mount under the following conditions:

A. The motor was operating at full pressure. The force on the motor from the
fluid pressure is calculated knowing that the fluid is at 2000 psi and the port size is
.875 inches in diameter. However, the effective sealing diameter is .5 inches. The
force on the motor from the fluid pressure is 383 Ibs.

B. The force from at the gear mesh was calculated using the gear geometry
and the rated torque of the motor. The rated torque of the motor is 876 inch-pounds.

These are the two force generating conditions that load the motor mount.
The loads are applied to the motor mount at the bearing hole and at the motor bolt
holes. A 3-d statics analysis was performed to get the following loads. Note that the
results are stated without proof. Please consult the diagram on the next page for the
location of the forces.

FORCE RESULTS ( In Pounds)

Location X direction Y Direction
Bolt 1 292.6 -97.2
Bolt 2 174.6 -97.2
Bolt 3 292.6 -215
Bolt 4 174.6 -215
Bearing hole 9344 241.7

A finite element analysis was performed on the motor bracket. Our original
design thickness was one inch. A finite element analysis was performed on the
motor bracket. The finite element analysis resulted in a maximum stress
concentration of 1334.3 psi. The high stress was only in the area of the area to the
right of the bearing hole. Note that these stresses are low compared to the allowable
stress of Aluminum ( about 20000 psi.) We decided from this analysis that our

" bracket was too thick. We cut down our bracket thickness to .5 inches. Please see

figures five and six at the end of this appendix for the finite element analysis plots.
The first plot shows the grossly exaggerated deformed geometry. The second plot
shows the stress contours.

The motor mount bolts were chosen from the finite element analysis plot.
The stresses in the area of the bolts are not more than 500 psi. We felt that we could
use the same ASTM type 8 bolts for this application. We felt that 6 fastening points
were necessary.
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MOTOR BRACKET FORCE DIAGRAM

BEARING HOLE

BOLT1 ©O O BOLT 3

BOLT| 2 O O BOLT 4
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APPENDIX D
Wheel Drive: Gear Drive Justificati 1 Analvsi

Background - The wheels need to turn at 33.78 RPM’s to maintain a speed of
3 M.P.H. Our motor at rated torque will turn 49.5 RPM's. The gear ratio needs to be
1.465to 1.

Options

- Use a sprocket mounted along the centerline of the
wheel and a chain connected to the motor shaft to power the wheel. This idea was
rejected for one reason: (1) In order to get the necessary gear ratio the sprocket would

have to be large enough so as to leave only about an inch between the drive and the
driven sprockets.

- Couple a hydraulic motor to a shaft along the
centerline of the hub. Connect the shaft to the hub through spokes. This idea was
rejected for two reasons: (1) In order to mount a motor at the center of a 12 inch hole
the motor mounts would have to be large. (2) Neither our motor nor any other we
could find could meet the performance specifications for this situation.

- Mount a
hydraulic motor along the centerline of the tube, have a shaft and spoke assembly to
connect the hub to the motor, and place a linear reducer on the shaft to get the
desired output characteristics. This idea was rejected for two reasons: (1) In order to
mount a motor at the center of a 12 inch hole the motor mounts would have to be
large. (2) Linear speed reducers are large, hard to find, and expensive.

Bevel Gear Design - Place a bevel gear on the end of the hub and mount the motor
perpendicular to the centerline of the shaft. This system is good enough to be
explored further in the next section.

Two Spur Gear Design - Have a spur gear on the shaft of the motor drive another
spur gear on the shaft connected to the hub through sprockets. This system is good
enough to be explored further in the next section.

Ring Gear Design - Have a ring gear (or bike chain)placed along the inside of the

hub. Drive the ring gear through a spur gear mounted on the motor shaft. This
system is good enough to be explored further in the next section.
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lysi igns:

Bevel Gear Design.

Pro’s ' Cons

1. Fits geometry of the situation well. 1. How to attach the gear to the hub?
2. Little overhang load on motor. 2. Cost and Availability. Have found
3. No extra bearings, shafts or spokes. no bevel gears of this type without
4. Low Mass special ordering them.

3. Large drive gear to match large
driven gear.

The bevel gear design was not chosen in spite of its elegant simplicity. In
order to mount the gear you would need to weld it to the aluminum hub.
Steel can not be welded to aluminum, so the gear must be aluminum. There
are none of these to be found without special ordering them.

Ring Gear Design.

Pro’s Cons

1. Fits geometry of the situation well. 1. How to attach the chain to the hub?
2. Overhang load on motor acceptable. 2. Large drive gear to match large

3. No extra bearings, shafts or spokes. driven gear.

4. Low Mass

5. Cheap - use chain and sprocket

6. Readily available.

If there was a way to attach a bicycle chain to the inside of the aluminum hub
this would be the perfect answer. However we could find no good way to
strongly attach a steel chain to aluminum.

2 Spur Gear Design.

Pro’s Cons

1. Fits geometry of the situation well. 1. High Mass

2. No overhang load on motor. 2. A lot of parts.

3. Gears can be made smaller.
4. Easily manufactured here at Tech.
5. Gears readily available from vendors.

This was the layout that was chosen as the design to pursue. The parts are
readily available and relatively cheap. Even though there will be a lot of parts
in the design (bearings, shafts, gears and mounts), this design is the most
available and therefore, the most feasible.
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The motor is rated to take 1216 ( 180.4 ft-Ibs) pounds of force at 1.78 inches
from the front face of the motor while spinning at a maximum speed of 45 rpm.

1. The Bevel Gear Design - The distance from the center of the drive gear to
the front face of the motor will be at most 1 inch. This allows for a separating load of
2164 pounds. Over hung loading will not be a problem here.

2. The Two Gear design - Once again the distance from the center of the drive
gear to the front face of the motor will be at most 1 inch. This allows for a separating
load of 2164 pounds. Over hung loading will not be a problem here either.

~

3. The Ring Gear design - The maximum distance between the front face of
the motor and the center of the drive gear will be 4 inches. This allows for a
separating load of 541 pounds. The maximum motor torque is 876 inch-pounds.
The drive gear will be 6.67 inches in diameter for this design. This means that the
force from the motor, at the pitch point, will be 261 pounds -- hardly enough to
damage the motor.

Analysis

First, determine ¢ so that it does not exceed 876 in'Ibs torque. The gear material is
AISI 1040; therefore obtaining a yield strength of 60 kpsi. We used a large factor of

safety, 1.5, in order to absolutely minimize the risk of failure, so 6=40 kpsi. Since
this will be a very low performance gear train, we used the Lewis strength formula,

o=6Wil/(Ft)2.
So, now we solve for Wt.
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APPENDIX E
Wheel Drive; Bearing Analysis

The bearing in the motor mount does not receive much thrust force. Its main force
is a radial force, therefore making roller bearings a better choice than ball bearings.
When investigating the many types of roller bearings, the type that best suits pure
radial forces are the cylindrical roller bearings. Many catalogs were looked at in the
Georgia Tech library microfilm section and there were not many companies that
made bearings with non-metric dimensions. The Torrington company had bearings
that were in these dimensions, so we used these types to find the best one that fit the
constraints. The first thing that needed to be calculated was the L1p=bearing
life=(Co/P)2 where a=10/3 for roller bearings. The operation time=2000 hours(factor
of safety is taken into account here). The average RPM used was 50 RPM.

L10=2000+60+50=6000000=6(106) revolutions
The next thing that needed to be found was the static load rating, Co.

Co=6(3/10)+P where P=963 Ibs. from the gear force
Co=1648 lbs.

Looking in the bearing catalog, using the 15/16" radius constraint, we found that the

cylindrical bearing #B-1516 had a high Cp, making it an optimum choice. It was also
easily accessible and very cheap.
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APPENDIX F
1 Drive: 1

The torque on the wheel plate will, at maximum, only be 100 foot pounds. This
loading is light compared to the loading of the motor bracket. Therefore, the
thickness of .5 inches on the wheel bracket will hold up under the worst case
loading.

Bolt Analysis:

The wheel plate is subjected to 1200 inch pounds of torque at a maximum.
The bolt pattern diameter is 10.65 inches. This means that for 8 bolts, the force seen
at each bolt is 28 Ibs. We chose to use the ASTM type 8 bolts. The shear area of the
bolts is .021 in2 .This allows for a stress of 1341 psi in the bolts. The maximum
allowable tensile stress in a SAE grade 1 bolt is 32,000 psi. Therefore, the maximum
shear stress is approximately 16,000 psi. The bolts will definitely hold the load. We
chose not to use a fewer amount of bolts because we felt that 8 fastening points were
necessary. We chose not to use smaller bolts because these bolts had to be fastened
through a .5 inch thickness plate. The length of smaller bolts would seem to be too
large compared to the diameter.
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PPENDIX
imate W a?

Previous ME 4182 groups attempted to calculate the worst torque load on
specific joint motor, but unfortunately many of the estimates were inaccurately
done, or calculations were simply performed on the wrong position of the enabler to
yield the critical case. This was our first task also because producing exact numbers
of critical torque took four weeks of systematic observation, programming and
analaysis of all the possible positions of the enabler. The reason it was so important
to establish immediately what critical torques the positioning of the enabler placed
on the motors because we needed to commence selection of articulation joint motor
and power transmission systems. Intelligent estimates were made and these were
substatiated using a systematic computer approach. The magnuitude of numbers, in
terms of estimates, permitted us be somewhat confident that initial selections were
appropriate and only small modifications would be necessary when more exacting
calculations became prevalent. Overall, our time was used more effectively with
initial estimates.

iculation Joint T

Our original task was to determine a worst case torque loading on the articulation
joint. Our goal was to find a relative worst case even if the actual numerical answers
were incorrect. The worst case could be recognized merely by the relative magnitudes
of the numbers. Of course, better assumptions would elicit more accurate answers that
could later be applied to the selection of real components. The difficulty herein is that
we did not know any specific dimensions, weights, or centers of gravity, therefore
many assumptions had to be made:

-our assumed weight was 450 Ibs. per axle for a total of 1350 Ibs. (this turned out to be a
good assumption)

-our assumed dimensions were 18 in. from joint to joint, and 18 in. from the front
joint to the center of gravity in the leading T-section of the vehicle. The
vehicle was also assumed to be 78 in. (2m) wide (which we later found to be
incorrect).

Certain performance goals had also been set for the vehicle. Some goals
were absolute and could not be altered while others were “wants” rather than
“needs”. We first tried to attain the “wanted” goals.

Absolute goals:

-operate using a hydraulic motor at a pressure of 3000 psi (later 2000 psi) at a
maximum flowrate of 16-20 fps in .25" lines (.64 to 1.06 gpm).

-there must be a space with at least a 2 in. radius along the centerline of the vehicle.

-the design life should be 100 hours
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"Wanted" goals:

-a maneuver time of 4 sec.

-continuous rotation of any combination of articulation joints

-enough power to raise the vehicle on three wheels (this last performance goal
happened to be our worst case torque loading).

Using these “wanted” goals, we quickly discovered that they were far too
stringent as required performance goals. The torque of more than 26,000 in.-Ibs. at a
rotation speed of 7.5 rpm created a need for 3.5 HP per joint. Because any maneuver
required at least two joints to operate simultaneously and some required four joints,
the total power requirement could be as high as 14 HP. This was unacceptable.
Continuous joint rotation had also been rendered nearly impossible. It was also
proposed that one of the joints be allowed to free-wheel, or be locked or unlocked.
(This was proven to be incorrect, but it did show that in most maneuvers, one of the
joints would require significantly less power than the other two that were near it).
For these reasons, we fell back to the “needed” performance goals and re-figured our
power requirements.

Secondary Goals

"Needed" Goals:

-1800 joint rotation in either direction from some 0° reference.

-a maneuver time of 4 sec.

-enough power to raise any single section of the vehicle (i.e. always have four
wheels on the ground)

Using the “needed” goals, we again discovered that our power
requirement could not be met by the Power Distribution Group’s equipment. The
torques, however, could not be reduced further (the required torque for lifting one
section was about 10,800 in.-lbs.). Our only recourse was to slow down the joint
rotation speed. We also used as a guideline a limit of .75 HP per joint.

At this point we selected a motor based on rough estimates to use as a
reference because we were unfamiliar with what capacities were required for a
hydraulic motor that provided a certain torque at a certain speed. This gave us a
good idea of what flowrates and pressures to expect from different motors under
different conditions. Also, the operating pressure was changed to 2000 psi for all
systems. ~

1 Final P

With all of the new operating conditions, the foliowing specifications
were made by the articulation joint group:

-the vehicle must always have 4 wheels on the ground
-a flat turning maneuver may be accomplished in less than 5 sec.
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through an increase in flow in the hydraulic system.

-lifting one section may take as long as 7.5 sec using normal flows. This is acceptable.
-The gear reduction will be between 8:1 and 10:1 depending on the required torques,
not on the required speed. This is also limited by the maximum drive gear size
allowed in the tubular body of the vehicle, although we are attempting to use the
smallest gear possible (about 1” in diameter).

P f Substantiating Initial Est ¢ Critical Articulation Joint T .

As stated above, a systematic observation and analysis of the articulation joint
position was integral in determining the critical torque placed on joint motors. The
manual considerations were rejected when it was decided that computer
implemenation was faster, and more accurate.

The possible positions of the enabler can be over whelming to a novice
observer, and to systematiically observe and analyse these position through manual
means is even more intimidating simply for the number of calculation which must
be made. For a very short time of the quarter we attempted this task and came to the
realization that, not only was the data collected extemely tedious, but they were
inaccurate. We tried placing degree measurements around all the joints of the PVC
model of the enabler, and we incrementally rotated the enabler to collect positional
data of each joint for moment calculation to be made later. We believed that the
measurements were inaccurate since the scale of the model was small and the
lengths we measured were to be done from the center of the enabler (physically this
was impossible). We therefore stopped this approach and considered the
implemation of computers to simulate the positions of the enabler. This manual
approach, however, helped us develop quite the systematic method of rotating the
enabler incrementally as to observe all possible positions.

AutoCAD and Qbasic were implemented to observe and analyse the positions
and torques on specified joint motors. CAD made it easier to visualize the positions
of the enabler using the AME solid moding and the ROTATE command. View as
the ones on Figure 15 (please note the labeling of the drawing, as it will help
visualize what the later text will describe) were drawn specifically for this purpose
and to familiarize us with 3-D drawing. We observed that there was symmetry in
many of the positions of the enabler, and we were able to eliminate the range of
necessary calculations based on sheer repeatition.

The moments produced by the ends being lifted will only be considered since
only one motor may be used to lift, as opposed to the center joint, which will be
lifted by two motors on either side of the itself. Essentially the calculations of the
motion of one-half the enabler is considered with only the end being lifted a partial
range of possible positons, due to symmetry and other possible simplifications. The
enabler end is considered to be sitting off a cliff and the motors are statically to

maintain ———

The incremental change of all calculations is 1 degree. It is also as