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Background Specifications
Contamination is a major

Cut hose meets
concern in hydraulic and

16/14/11
pneumatic systems cleanliness

ratings per ISO
4405, 4406 and
4407

Research & Development

Methodology: Understand traditional cutting processes

and weigh against alternative cutting methods

Shear
Guillotine
Waterjet
Laser Microjet

Ultrasonic

Abrasive Waterjet

Cold forming with pipe cutter
Wet Saw

End Mill

Final Selection: Two-Phase Cut

EDM

EBM

Hot Air Jet
Plasma
Laser

Abrasive cutting wheels and

scalloped edge blades generate

smoke and debris which

requires a secondary flushing operation to clean the
inner tube area of the hose

 Phase One: Cut through
cover and reinforcement,

Cut hose meets
angularity, fraying, and
deformation
specifications per SAE
J517

inner tube serves as a
physical contamination
barrier

Phase Two: Guillotine

shears through inner tube,
producing no debris

Objectives: (1) Evaluate alternative cutting methods,
and (2) Design a production-style cutting process
that eliminates the need for secondary cleaning

Rubber Inner Tube Rubber Cover

— .

g T Cost Target: $3,000
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Red Blood Cells: 8 um

Phase One is accomplished via
manually-operated, 360-degree

Most damaging contaminants in hydraulic orbital saw blade

systems are normally between 6 and 14 microns

Due to high complexity and cost
restraints, the first iteration was
rejected

Due to the construction of
the hose, available cutting

Wire Reinforcement o +hods are limited

Shop vac connection for

 Phase One is accomplished
via modified compound

: : 0.25hp AC Induction
miter saw design

Motor

e Completed in two
passes: (1) Sawblade
travels around the
periphery of the top
portion of hose, and (2)
The hose is flipped 180
degrees in workholding
to complete the final
pass

The hose is held between two
collets installed in square collet
chucks. The hose is under light
tension, so reinforcement
separates as hose is cut

Pull handle

The saw path is governed by a
cam-follower mechanism

tool accomplishes Phase
Two of cut

Follower is tied between
sawblade bearing blocks

Sawblade Motor Sizing Analysis

dust evacuation

Extruded aluminum frame and
polycarbonate panels

Spring-assisted saw arm to
aid the follower through
steep transmission angles at
the start of cam path

Bearing blocks for sliding hinge
follow the 2:1 linear bearing
rule

Pulley system w/ manual belt

tension adjustment
Hose

Sawblade

Travel Direction

)

Workholding indicates its position
off a slot in the cam plate,

minimizing tolerance stack up

S iﬁ L ®
" e Mo Calculation of Cutting Forces
Aluminum alloys 0.4-1 015-04  — DepthofCut X Width of Cut / Sawblade Rotation . Power
: orque —
Cast irons 11-4 04-2 LG e 4 Rotational Speed
Copper alloys 14-3.2 0.5-1.2
High-temperature alloys 3.2-8 1.2-3 Torque
Magnesium alloys 0.3-0.6 0.1-0.2 Tangential Cutting Force = _
Nickel alloys 1867 1825 y _Plof‘gver . vanlsllagis MEaine
Refractory alloys 3-9 1.1-35 = Material kemoval Rate : _ : :
SETE e 25 0819 x Specific Energy of Material Radial Thrust Force = Tangential Cutting Force x 1.3
|_Steels 2-9 0.7-3.4 Ref: Serope Kalpakjian and Steven R Schmid. Manufacturing Engineering and
Titanium alloys 3 0.7—2 Technology. Upper Saddle River, Nj, Pearson, 2014.
Tangential Cutting Force € )
Radial Thrust Force Matlab C
. dlid am %
Motor Mount Analysis _ P % v
Material = 0.25” A36 Steel Cam Path Profile
= ® am Pat I
ssssssss D afle La- _.O 027” ee 8T : Follower Center Path EDM HOleS for Mllllng SaW
P S | ; o Somtia Press Fit Bushings Shaft
s Von Mises Stress = 6,200 psi O Hose |

I Fixed at bottom legs and loads 2|
o are applied at center of gravity
of motor and drive pulley

Shaft Stress Analysis

The critical stress elements are located at the bearing shoulder fillets

-1
d® ([4(KeMo)? + 3(KesTa)? | /4(KeMm)? + 3(KgsTyn)?
n =118
16 Se Sut

Analyze at infinite life using the
DE-Goodman Failure Criterion: F.0O.S.=

CNC Milled
Bearing Blocks

Milling Saw
Arm
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