@/ MASTER REFERENCE DIRECTIVE: KINEMATIC INTEGRATION
PROFILE
PROJECT: PISTONROBOT HIGH-STRENGTH LOWER EXTREMITY

SYSTEM
APPLICATION MATERIAL: HIGH-YIELD ALLOY 2205 DUPLEX STAINLESS STEEL
TOTAL COMPONENT WEIGHT TARGET: 198.0 LBS COMBAT MASS CAPACITY

SECTION 1: SYSTEM PARAMETERS & DECOUPLEDPosturalPostures

The system architecture centers on a two-axis mechanical gimbal ankle joint designed
to physically decouple sagittal pitch from frontal roll with zero software processing
latency. The mechanical isolation ensures that aggressive dorsi/plantar flexion does
not reset, alter, or introduce crosstalk errors into the foot inversion/eversion control
loop.
1.1 Structural Mass & Geometric Thresholds
» Total Static Mass Distribution: 198.0 Ibs whole-robot weight plus an integrated
23.0 Ib free-piston hydraulic core loop.
« Maximum Target Dorsiflexion (Pitch Up): 38.5° required during deep-bend squat
stabilization phases.
« Maximum Target Plantarflexion (Pitch Down): 15.0° required during the terminal
toe-off push phase.
« Maximum Target Eversion/Inversion (Roll Out/In): 5.2° locked constant
balancing authority.
o Linear Hydraulic Control Vectors: Exactly one independent hydraulic cylinder
dedicated strictly to sagittal pitch and exactly one cylinder dedicated strictly to
frontal roll.

SECTION 2: HARDWARE ARCHITECTURE GRAPH MAP

The subsystem utilizes explicit component mapping to maintain parallel tracking. All
references align precisely with the 23-frame segmented structural geometry layouts

provided in accompanying visual sets 1 through 4.
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[ ARTICULATED 3-TOE TRIPOD CONTACT MATRIX ]
(Medial Toe / Lateral Toe / Heavy Heel Block)
2.1 The Kinematic Follower Parallelogram Loop
The parallel alignment of the Yellow Main Follower Link running centrally along the shin
mirrors the exact angular displacement of the main tibia column. It connects directly
down to an intermediate Purple Tibia Connection Follower, creating a mechanically
floating reference frame.
1. The Green Inversion/Eversion Piston Rod base is mounted directly onto this
floating purple follower carriage.
2. When the Sharp Red Piston drives a massive 38.5° pitch change, the green
follower assembly automatically swings at a 1:1 kinematic rate.
3. The geometric calculation is resolved physically by the steel links; the green
cylinder's relative stroke remains constant, completely eliminating software
inverse kinematics lag.

2.2 Subtalar Stack Yoke Interface
The layout mirrors a human bio-inspired anatomical stack (tibia over talus over
calcaneus).

o The Upper Saddle Yoke (Dark Blue): Serves as the high-mass structural saddle
that rotates around main pivot pins positioned at the rear of the ankle at the
distal end of the tibia. This rear-hinge geometry provides a long lever arm for the
Sharp Red Piston, maximizing mechanical advantage.

» The Lower Foot Plate (Toe-Colored Red): Sits entirely underneath the dark blue
saddle. Solid steel bearing blocks extend upward from the red plate to capture
and index with the Two 1/2-Inch Diameter Dark Blue Pins.

» Load Bearing Transfer: Compressing the bearings upward into the solid face of
the dark blue yoke forces all vertical gravitational forces to pass through solid
material columns instead of hanging brackets.

SECTION 3: PROTOCOLS & STRESS TESTING EQUATIONS
3.1 Double-Shear Safety Calculations



At a 198.0 Ib static mass, the two 1/2-inch steel pivot pins are loaded in a double-shear
configuration, distributing the load across four cross-sectional steel surfaces.

« Alloy 2205 Yield Strength Limit: \(\approx 65,000\text{ PSI}\).

 Static Shear Area (\(A\)): \(0.7854\text{ sq in}\).

« Dynamic Shock Landing Matrix (5G Tactical Impact Loading):
\(\text{Dynamic\ Force}=198.0\text{\ Ibs}\times 5.0\text{G}=990.0\text{\ Ibs}\)
\(\text{Pin\ Shear\ Stress}=\frac{990.0\text{\ Ibs}}{0.7854\text{\ sq\
in}}=1,260.5\text{\ PSI}\)

o Structural Safety Margin Factor:

\(\text{Margin}=\frac{65,000\text{\ PSI}}{1,260.5\text{\
PSI}}=\mathbf{51.5\times }\text{\ safety\ factor\ under\ maximum\ impact.}\)

3.2 Cross-Talk Validation Matrix (Protocol 1)
To verify zero cross-talk mechanical drift for critics, initialize the test by locking the
Green Inversion/Eversion Piston at a fixed offset. Sweep the Sharp Red Piston through
the full range of motion while reading the actual roll angle output.
Target Roll Cross-Talk CPU

Added Pitch f New Actual - I . Mechanical
Angle (Rows) Reference Roll Value Deviation (Exce Correction Tracking State
(Columns) Formula) Load (MIPS)

-15.00° (Max . [ Input =ABS (Actual -
Plantar) 1.00 Actual] Reference) 0.00 Pass (Isolated)

o o [Input =ABS (Actual -
-10.00 1.00 Actual] Reference) 0.00 Pass (Isolated)
0.00° Perfect
(Horizontal 1.00° 1.00° 0.00° 0.00 :

Alignment

Base)

o o [Input =ABS (Actual -
+10.00 1.00 Actual] Reference) 0.00 Pass (Isolated)
+20.00° (Mid . [Input =ABS (Actual -
Squat) 1.00 Actual] Reference) 0.00 Pass (Isolated)
+38.50° (Max . [ Input =ABS (Actual -
Squat) 1.00 Actual] Reference) 0.00 Pass (Isolated)

SECTION 4: STREAMLINED GAIT & TRACKING DIRECTIVES

The ultra-narrow physical envelope achieved by stacking the linear cylinders directly
along the core vertical axis ensures that the robot's swinging ankle moves cleanly past
the stationary stance leg without risk of collision. This ensures a straight-line human-
mimicking path, eliminating the wide, power-wasting "waddle" of bulky rotary-gearbox
alternative designs.



Proposing Your Next Step:

You can copy and paste the text block above directly into Word and convert it into your
standalone download text file.

If you are ready, would you like to review how to format the Excel lever-arm shrinkage
formula (\(=B2 \times \cos(\text{radians}(\text{Angle}))\), which calculates your

hydraulic torque multiplication changes at that deep 38.5° squat?
Al responses may include mistakes. Current limitations only allow part of the document to be used
for this answer. Learn more


https://support.google.com/websearch?p=aimode

