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MECHATRON TRACKERS TECHNOLOGY INTELLIGENCE ANALYSIS

Mechanical structure design

Mechatron’s tracker design is a unique combination of hydraulics and zero backlash mechanical system
utilizing a gearless double brake azimuth mechanism protected by the company’s IP patent as filed and
approved by USPTO no. 11.175.071.

The large platform steel components imitate the structural design of a beetle. More specifically, the use
of large-diameter, thin-walled hollow cross-sections offer increased structural rigidity. This means that
even though the same steel mass is used, the structure has greater stiffness, even under eccentric loads.
Thus, the whole design can satisfy the AoA accuracy demands, without excessive use of steel.

The drawing below is the solar tracker’s lower body with similar cross-section structural elements with
high ratios of moment of inertia to mass, on top of which is mounted with a pair of hinges the upper
frame (platform).

1. Motion mechanism specifications

The trackers motion specs are defined as

M18KD M18KD-20 M16KD
Azimuth motion 0 to 360° 0 to 360° 0 to 360°
Zenith motion -2° to +60° -2° to +20° -2° to +60°
Resolution +1° +1° +1°

The design emphasizes on performance and cost optimization. The tracker’s rotation is designed to
meet the needs of high accuracy of movement, rigidity, adjustable functions and zero play (backlash). It
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is also noted that the tracker comes into different models (M18KD, M18KD-20, M16KD, M10KD-20),
which can accommodate different PV panel technologies and formats.

The hydraulic system for the azimuth motion offers degrees of flexibility and configurability superior to
mechanical systems. Also, the motion in the second axis (elevation) utilizes the same motor to drive it
thus minimizing extra hydraulic equipment. Finally, hydraulic systems are inherently protected from
excessive loads on mechanical parts because oil acts as a dampener.

The azimuthal system follows a stepper approach. It can be compared to walking the caterpillar, i.e. a
sequence of “Catch-Move-Release-Return” movement pattern.

The design of the central brake makes the system unbreakable; in case of a sudden wind load with force
exceeding the brake resisting torque set at 35 KNm, the drive will slip in a controlled rotation thus
protecting the mechanism from damage.

In case of a main brake failure, the tracker remains stationary since the braking position of the brake
band is achieved by the interconnected nitrogen accumulator that holds the brake piston at pressurized
position therefore applying permanent force on the main brake band. If there is a leak at the main brake
cylinder then the system will generate an error message, freeze operation, stow its platform and remain
stationary until the cylinder gets repairs/replaced.

2. Digital control system with astronomical algorithm

Each tracker incorporates a fully autonomous operation using an astronomical algorithm to locate the
most accurate position during the daily tracking function. The position feedback is performed by

three digital industrial type inductive on/off sensors running on a round-shape rugged-ring which forms
a quadrature encoder and a home position. This quadrature encoder feeds a position counter with a
battery back-up so the system can continue accurate position tracking even if grid power fails. In
addition, every night the home point (0 position count) is verified by a special mark located on the
rugged ring. The gear ratio for the M18KD is 0.88 degree/pulse so for each pulse forward or backwards
in the azimuthal position the quadrature encoder moves the platform for 1 degree.
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The elevation position feedback system is utilizing an inclinometer sensor that is attached on the
tracker’s platform providing continuous readings to the software of the slope of the system, the
granularity of the system is 1 degree as well.

The system’s built-in intelligence continuously self-checks and provides reporting through telemetry in
case of malfunction while it auto-correct its location in case of a slippage. The typical accuracy of the
system is 1 degree for both azimuthal and elevation positions.

The controls are programmed to track the sun using solar geometry and local site latitude and longitude
position coordinates. The controls also receive feedback from both the hydraulic actuators and from
local wind speed sensors to start bringing the tracker into a safe stow position if the winds start to gust
past the tracking safe wind speed.

In the event of a power loss, the tracker will automatically go to stow position by using the platform’s
own weight as it is mounted eccentric to the center of mass on the base. When the power is lost the
elevation cylinder safety valve closes allowing the oil to return from the upper chamber of the elevation
cylinder to the lower and any leftover to the oil tank hence stowing on a flat position. The unidirectional
valve attached to the elevation cylinder prevents the platform to move in the opposite direction (tilt)
caused by potential uplifting gusty winds, this technique protects the tracker getting stuck in a tilted
position and it forces the return to the flat position for safe parking.

Each tracker is equipped with its own drive mechanism so in the event of a failure only that tracker will
stow hence its power production will reduce to the equivalent of a fixed tilt racking. The rest of the
active trackers in the field are not affected by an individual failure and continue to operate and produce
at full capacity. This design characteristic attributes to the high availability of tracking up time and high
energy production.

3. Azimuth Rotation methods

The software platform has double features for tracking either on a fixed time-interval (typical 5 or 10
minutes) or by angle definition. The angle definition instructs the encoder to rotate according to the
number of degrees defined by the operator and can be changed dynamically as required by the solar
installation.

4. Proprietary Technology Elevation Drive

The platform is protected with automatic frame leveling when:
e the anemometer reports high wind speed above the operational speed (adjustable number)
e thereis a grid failure, or any other error diagnosed by the control
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a. Active leveling

The platform stow position can be achieved gradually using three levels of wind speed. When external
anemometer reports wind speeds that fall within the first wind level (default 20-30mph) then the
elevation hydraulic is instructed to decrease the elevation angle by 10 degrees. The uni-directional valve
prevents the platform to move in the opposite direction. If wind continues to increase and reaches the
second wind level (30-40mph) then an additional 10 degrees elevation decrease is performed by the
hydraulics. If wind speed reaches the third highest wind level >40mph, then the elevation cylinder
moves the platform to a horizontal position. The unidirectional valve attached on the elevation cylinder
keeps the platform from lifting under any wind speed conditions.

In the event of snow falling on the platform during the night park position the snow sensor will read the
density of the snow and after a certain pre-defined number will instruct all trackers in the field to tilt the
platform at 45 degrees. The only override of the snow operation is the wind software routine which has
the absolute priority over any other protective mechanism algorithms, therefore in a windy night with
snow fall the tracker will remain flat or tilted at a restricted angle as driven by the prevailing wind
speeds. The platform steel structure is rated at 35psf snow load.

b. Passive leveling

Passive platform leveling enables the system to move to the horizontal position using the eccentric
position of the platform on the tracker. This feature allows the tracker platform to use gravity to auto-
stow without the need of external power, making the system self-protected.

5. Elevation control mechanism

The platform elevation position moves from flat position (91 degrees) to its max vertical position (30
degrees) and changes dynamically during the daily tracking routine based on the time of the day and the
day of the year following the astronomical algorithm sun track positioning.

In the M18KD-20 model the platform is limited on the zenith motion by a short elevation cylinder (3 feet
only) along with a modified software version that forces the platform to tilt only 20 degrees as a
protective measurement to keep the solar modules and the steel platform at minimum 9.5 feet off the
ground. The daily operation is identical to the M18KD version with the only difference being the
limitation of the maximum tilt during the daily routing to only 20 degrees.

Prepared by MECHATRON Solar Inc.
1653 El Pinal drive, Stockton, CA 95205



