LatchTool Group, LLC

FastFlow® Technology

Annular Flow Control
Microhydraulics

Introductory Disclosure Package

This information is intended for persons registered with the
LatchTool Group, LLC as a teaching aid. If you have not registered,
please submit your contact information via email. You will be
eligible for subsequent updates as available.

LatchTool Group, LLC
14760 Cherry Hills Place
Colorado Springs, CO 80921
(719) 488-8800

info@latchtool.com

WWW.LATCHTOOL.COM



mailto:info@latchtool.com
mailto:info@latchtool.com
http://www.latchtool.com/

LatchTool Group, LLC
FastFlow®

Annular Flow Control
Microhydraulics

LatchTool is in the business of accelerating adoption
of technology through cross-licenses and
collaborative developments.

Products and machines that deliver more power
in less space, with less weight and
for less cost than imaginable.

The Company practices an OPEN Business Model through
syndicated engineering design firms and licensed OEM's.

Motion Control &
high force Fluid Power
connect™
14760 Cherry Hills Place

Colorado Springs, CO 80921
(719) 488-8800

www.LatchTool.com



http://www.latchtool.com/

FastFlow® Technologies — Elementary Precepts

The Basics (How our systems work)

O-ring seals are made to double as floating seal
valves FastFlow” Valves
Concentric seals, backup rings, seats and A class of tiny automatic valves where O-ring seals
springs create large annular flow paths double as valves...
pring r_a_ . g ular flow p_ . @ compact and inexpensive
Minimize real estate and eliminate @ eliminate valve body - reduce system real estate
pressure restrictions @ annular flow paths — permit large volumetric flows
Enables Auidic flow control @ rapid closure - negligible backflow — non fouling
@ enable fAuidicflow control
@ patented & trade secret protected...
@ configure as check valves, spring loaded valves &
Design principles bi-directional valves
> Design as a closed-standalone system
» Single action cylinder
» Rod side of ram cylinder is the reservoir
» Accumulator volume = the volume of the displaced rod
> Bulkhead separates pump from actuator, directs fluid distribution
» Seals seat in direction of rod travel
> Maximum pressure, overpressure and reset valve is one unit — Dart Valve
» Rod retracted mechanically
> Design system in a hogged-out or investment cast manifold, contains all porting
» Pump driven either manually or by motor
» There are exceptions to all rufles of thumb
» HWOCF (high water-content fluid)
< Four times less compressible that typical oils - eliminate sponginess.
% Low viscosity reduces frictional losses
% High surface tension keeps water based fluids from leaking
% Keep low pressure zones between high pressure zones & atmosphere
% Additives provide lubricity, rust prevention, anti-freeze, etc.
» Challenge of near sonic fluid velocities These phenomena stopped the

development of floating seal valves.
Affirmed accepted tenet that O-rings
should be used statically©

KD
£

Lost or blown-out seals
»  Bernoulli

.
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» Hydraulic Advantage — Pascal compliant circuits

» Two Speed Ram — Regenerative Circuit With Barrier/Piston Head Combination

% Rapid advance/low force — driven by the X-sectional area of the ram rod, (a)
% High force/slow advance — driven by the area of the piston head, (b)
< Barrier controls shift — tripped by reservoir pressure (alt: rod displacement)

» Hi-Bar Pumps — Low Flow/High Pressure Piston Pumps

R/

% Single and double action

Review BOMs — PowerCylinder, PEX Crimper and PowerPliers



Elementary FastFlow” Hydraulic Circuit — FastFlow” Valves represented as check or spring loaded check valves.

Overpressure/reset circuit omitted — this 2—_stage cyIinde_r
circuit sets the maximum output force £, with regeneration

0 B Ao

Barrier

Controls shift from
rapid advance to high
force delivery;
tripped at a pre-set
pressure

Speed change
inversely proportional
to the change in the
controlling area

|
A

Mechanical ReciPprocating Accumulator
- ump
Leverage
Force Amplifier/Lite-touch Actuator
Calculus Mechanical Leverage = 6:1 Hydraulic Leverage = 10:1
A = D%*/4 Fin = 300 Ibs Fout = P X Ayp = 3,000 Ibs
Dpump = Y2, A; = 0.049 P = F./A; = 6,000 psi Aya/As, = 0.082
D, = Ya. Ay, = 0.049 Frapia = 250
Dy = 7/81 Ay, = 0.601 Srapid = Sout AZb/AZa = Soux12.3 Frapid = Fout X (AZa/AZb)

A = Area, D = Diameter, F = Force, P = Pressure. S - Speed


http://www.brockeng.com/mechanism/index.htm
http://www.brockeng.com/mechanism/ScotchYoke.htm

The LatchTool Barrier and Ram-Cap Assembly

The PowerCylinder'™

The Barrier and Ram 1in Context

'''''''' ~—PISTON PUMP

BISTABLE O-RING SEAL

ACUMULATOR— /| | RESERVOR .\ \ FLOATING SEAL VALVE
A '~ COMBINATION OVER LOAD
AND PRESSURE RELEASE VALVE

'\ O-RING VALVE

COMBINATION O-RING
SEAL AND VALVE

BISTABLE VALVE

Figure 1

LatchTool microhydraulic
systems™ are based on
the Company’s
FastFlow™ technology.
Two patented mechanical
subassemblies, the Barrier
and Ram-Cap, work in
tandem to create a
hydraulic circuit that
rapidly advances a
cylinder’s ram. Able to use
very small parts, the circuit
produced is the classical
regenerative circuit used
extensively in the fluid
power industry, particularly
in mobile hydraulics. This
is the circuit that allows
the arm on an excavator to
extend rapidly. Until

LatchTool’'s development, this circuit relied on an external pump, plumbing, valve manifold, and

reservoir to drive a hydraulic cylinder.

A positive displacement pump
drives the ram. The Barrier/Ram
assembly controls the shift of the
system in and out of the
regenerative mode. It is a totally
automatic process regulated by the
resistance encountered by the ram.
Working in combination with the
Ram-Cap, the Barrier stops the flow
of fluid from the reservoir (the rod-
side of the ram) to the accumulator
such that the fluid displaced by the
advancing ram is forced back

Incrementally Higher
Pressure Adding to the
Driving Pressure

Figure 2

Positive Driving
Pressure

through the Ram-Cap into the Ram Chamber to create a regenerative circuit. See Figures 1 & 2.

The ram is being driven by the cross sectional area of the ram-rod. As the ram engages its work
resistance and pressure build. At a pre-determined pressure, the floating seal valve in the Barrier

Positive Driving
Pressure

3.

Figure 3

squeezes off the land of the seal plate
opening the Barrier Gate. Fluid on the
rod-side of the ram is now expressed
into the accumulator and the ram is
driven by the cross sectional area of
the Ram-Cap. The transition from the
regenerative to expectant circuit
happens instantaneously. See Figure



Floating Seal Valve

Valve Closed



Floating Seal Valve

Valve Opened




PowerCylinder™
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Example 1: Clamp & Hold Application - LatchTool's PowerPliers platform with double acting Hi-Bar pump in a
%g-inch @ actuator with Y2-inch stroke and a motor/gearbox that advances the ram and ramps up the pressure
for 1,000-pounds a soft-touch clamping force. The motor/gearbox also lifts the dart valve to release the
pressure and retracts the ram upon the completion of the task.

Platform Fa
PowerPliers - mechanical advance, hydraulic clamp

Hvdraulic clamp
FA=1,000 Ibs or /2 ton ﬁ

Lz (Ram Stroke) = 0.5 inches ,
Ly (Compression) < 0.05 inches l Mechanical closure

Determined by force/deflection data
Ram B
D;=0.2500 [ |
D,=%8 in=0.6250 Lr 1 'I/
A,=3.1416xD;%/4=0.0491 1 ¥ D
A,=3.1416xD,%/4=0.3068

P= Fa/A,=3,259 psi T Ve D,

Compression volume = LyxA, = 0.05x0.3068 = 0.0153 in®
No. Strokes = 0.0153/0.0149 = 1.0295 or = 1.03 strokes

Pump

Dy=0.109 ~

D1:0250

A=0.0093 v

A;=0.0491 s —
T

A1-0=0.0398 Dy
Lp= Pump Stroke = 3/16 in x 2 (Double Action)
Vp= Stroke Volume = 0.1875x2x0.0398=0.0149 in® 4

Pump Force Required
3,259psi x 0.0398 in’=129.7 Ibs

|| Approximations for fllustrative purposes: motor and gearbox or gearmotor are application specific.

Motor/Gearbox
Rc(crank radius)=3/16=0.1875 inches
Torque=129.7x0.1875 or
= 24.32 inch-pounds
Specify
60:1 gear reduction @1,800 rpm
Torque - 24.32/60=0.1053 inch-lbs
With 1.03 strokes to clamp
Then =1.03x60/1800=0.0343 minutes/cycle ~ 2 seconds to clamp

Crank



Example 2: A PowerCylinder™ for Applying a Shear Load - LatchTool’s ram circuitry and double action Hi-Bar

pump combine to produce a self-contained 2v4-inch diameter actuator that reaches the work at 1.4
inches/second and then drives 15 tons at a rate of = 0.11 inches/minute.

The shift out of regeneration is controlled by the Barrier. A design

parameter sets this is to occur when the internal pressure approach ~95% Fa
of the design maximum as controlled by the dart valve (speed of advance

is traded off for force). This is triggered by an external resistance (small

red arrow) in the example reaches 2,200 Ibs.

FA=14,000 Ibs or 7 tons l
Lr (Ram Stroke) = 1.5 inches

A%

Platform — PEX Power Crimper Lr

[

Ram

D;=0.6250
D,=2.2500 Barrier
A;=3.1416xD,%/4=0.3068

A,=3.1416xD,%/4=3.9761 %

P= Fa/A,=14,000lbs/3.9762in%=3,521 psi
Barrier Shift >F,.<PxA;~1,080lbs

Pump

Dy=0.109

D1=0250

Ao=0.0093 <)

A;=0.0491

A;0=0.0398 J_
Lp= Pump Stroke = 3/16 in x 2 (Double Action) D — |
Vp= Stroke Volume = 0.1875 x2x0.0398=0.0149 in> 0 T

Pump force required to advance 7-Tons —_

3,521psi x 0.0398 in> =140.14 Ibs Lo

Barrier Open - no regeneration, convention circuit
Ram volume for complete stroke = LgxA; = 1.5x3.9767 = 5.9651 in®
No. Pump Strokes > 5.9651in3/0.0149in°/stroke = 400.3 strokes

Barrier Closed > enables regeneration
Ram volume for complete stroke = LgxA; = 1.5x0.3068 = 0.4602 in3
No. Pump Strokes = 0.4602in%/0.0149in?/stroke = 30.8 strokes

|

_>|

|| Approximations for illustrative purposes: motor and gearbox or gearmotor are application specific.

Motor/Gearbox
Re((crank radius)=3/16=0.1875 inches
Torque=140.1x0.1875 or 26.27 inch-pounds
Specify Crank
60:1 gear ratio @1,800 rpm
Output Torque - 26.3/60=0.4378 inch-lbs
Output Speed - 1,800x60=108,000 rpm
Rate of Ram Advance — 1.5-inch excursion
Conventional Circuit: 1.5 inches/400.3x60/1800rev/min = 0.1124 inches/minute
Regeneration Circuit: 1.5 inches/30.8X60/1800 = 1.461 inches/minute




LatchTool Group IP CONFIDENTIAL Page 1 of 2
October 2007

Issued Patents

6,957,603 “Modulated Overpressure Valve Structure For Fluid Operated
1 Device”

Dart valve... means of reaching inside of a closed, pressurized
system to control and modulate the encapsulated hydraulics

2 6,341,621 “Valve Structure For A Fluid Operated Device”

Floating seal valve construction - Fast Flow Valves

6,035,634 “Compact, Resistance Regulated, Multiple Output Hydraulic
3 Tool And Seal Valve Arrangement”

Integrates a Regenerative Circuit and Intensifier Circuit in a piston
pump/single action ram combination using floating seal valves.

5,836,400 “Three Speed Circuit For Hydraulic Tool”

Integrates a regenerative circuit and intensifier circuit in a piston

4 pump/single action ram combination. - PowerCylinder
7,251,980 “Hydraulically Powered Gripping Tool” Circuitry for the PowerPliers — Uses a floating seal valve to flood the
5 pump--

Pending Patent Applications

11/ 580,881 “Force Multiplying Structure For Ram Actuated Devices”

Came-roller mechanism that links the ram to the jaws in a non-linear

6 relationship... accelerates the closing of a jaw or cutter
AppIn. No. Not yet Assigned, based on 60/848,398 “Fluid Operated Determination of a critical parameter in the design of a floating seal
7 Device With Improved Seal Valve” valve.

Provisionals

60/799,021 “Hydraulic Tool With Displacement Determined Shift From
Regeneration Mode to High Force Mode”
-- US regular application not yet filed (Provisional Abandoned)

Alternative mechanism to shift out of the regenerative mode.
Predicated on ram displacement rather than resistance encountered
by the ram.

60/929,076 “Fastflow Microhydraulic/Mechatronic Device”

-- US regular and PCT due by June 12, 2008

Double action pump delivers instant high force and displacement
with computer controlled precision.



http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=1&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=1&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=1&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=2&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=2&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=2&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=2&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=2&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-adv.htm&r=4&f=G&l=50&d=PTXT&S1=(%22Tupper+Myron%22.INNM.)&OS=IN/%22Tupper+Myron%22&RS=IN/%22Tupper+Myron%22

LatchTool Group IP

CONFIDENTIAL Page 2 of 2

October 2007

PCT
ApplIn. No. Not yet Assigned, based on 60/848,398 “Fluid Same as #7
10 Operated Device With Improved Seal Valve”
-- National filings due by April 2, 2009
PCT/US06/41289 “Force Multiplying Structure for Ram Same as #6
11 Actuated Devices”
-- National filing deadline is 04-24-2008
Europe
European Application No. 99966118.4 “A Compact, Resistance Essentially the same patent as #3 (a few embellishments), that
12 Regulated Multiple Output Hydraulic Package And took this long to wend its way through the WPO.
Seal Valve Arrangement”
--Under examination Update (October 2007) Patent will issue soon...
European Application No. (not yet assigned) 6118.4 “A Compact,
13 Resistance Regulated Multiple Output Hydraulic This is a division of #12
Package And Seal Valve Arrangement”
European Application 06758314.6 “Hydraulically Powered Same as #5
14 Gripping Tool”
China
Chinese Application No. 200580042365.X “Modulated Same as #1
15 Overpressure Valve Structure For Fluid Operated
Device”
India
Indian Application No. 3487/DELNP/2007 “Modulated Same as #1
16 Overpressure Valve Structure For Fluid Operated

Device”
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