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Foreword 
 

The Tensioned Cable System (TCS) for mounting solar PV panels has been under development since 

March 2009.  Initial prototyping focused on roof mount systems, including gable mounts, lift and pull 

tensioners, peak mounts, pivot joints, clamps, and rails.  A production roof top version was installed in 

January 2011. 

 

Prototyping through December 2010 for a ground mount culminated in a pre-production model (TCS-

G1-2-12) installation in Sequim, Washington (USA) in late December 2010.  As the ground TCS is more 

complex and challenging to develop, most of 2011 was spent on evolving the sub-component designs – 

PV Clamps, PV Hangers, Mid-Stanchion Hardware (for cable pass-through), and anchoring.  The first 

production G1 was shipped in December 2011 and was installed in June 2012. 

 

The R1 roof mount is Patent Pending, upon a pared down application in January 2013, after an original 

(and superseded) application in March 2010.   Gable to Gable, Eave to Eave, and a Surface dual opposing 

cable variant of the Gable to Gable constitute the three main types of “hold down cable” roof mounts. 

 

The G1 ground mount is patented, with US Patent 3,448,390 issued May 28, 2013.  The G1, which comes 

in single or dual span versions, is a “hold up cable” type of ground mount, with a geometrically 

significant dual opposing cable system for excellent stability in the natural elements. 

 

There are many attributes of interest for these TCS mounting systems: No roof penetrations or ground 

foundations, low material and installation labor costs, and wide applicability due to its portable, 

adaptable, and scalable design.  The TCS is simplicity carried to the extreme and may we say toward 

elegance. 

 

This guide aids in understanding how to select the appropriate TCS mounting system kit for the solar 

electric system specification, PV array design, and site, while informing on the principles of tensioned 

cables and the adaptability of tensioned cables to solar PV panel mounting. 

 

Jonathan A. Clemens 

President 

10/22/2013 
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1 Introduction 

 

This manual is intended for use by purchasers, users, and installers of the Tensioned Cable System solar 

panel mounting kits that use tensioned cables and no roof penetrations and no ground foundations. 

 

As with any alternative to a conventional product or technique, there is a learning curve.  The learning 

curve around tensioned cables is “f-a-s-t-e-n-a-t-i-n-g”, as there are insights revealed once the principles 

are understood.  Though installation by licensed contractors is generally preferred, any intuitive 

individuals can install the mounting system and the PV panels that clamp to it. 

 

Safety Precautions 

 

Proper use and handling of ladders is required.  Activity on roofs may require use of safety harnesses 

and cables.  Caution must be used around electrical devices, including solar panels which are active – 

with high voltage DC - anytime they are exposed to sunlight.  Mounting hardware is metallic and may 

have sharp edges.  Personnel should avoid standing on mounting hardware and/or installed solar panels.  

Installation should not be attempted without knowledge of proper safety precautions and techniques. 

 

Be mindful when handling the system components during assembly: Sharp Edges on fabricated metal 

parts, sharp cable ends from the cut wire rope (which tends to fray and present single strands that can 

puncture skin), heavy weight of the stanchions (weighing over 40 pounds), high voltage on the PV panel 

cables (presenting a shock hazard), and trip hazards from the anchored end cables. 

 

Skills Required 

 

Installation requires use of basic hand tools and a drill (for pivot joint installation).  Knowledge of 

measuring and layout (for locating pivot joints and thus the hold down cables and PV array) is essential. 

 

Required Tools 

 

No special tools are needed, except that a Crimping Tool may be needed to secure cable ends (optional).  

Cables are provided, via customer specification, at the required length, precluding having to cut cable 

(wire rope).  A cable or bolt cutter, or circular grinder, may be used to cut cable.  Necessary hand tools: 

 

Open Ended (or Box) Wrench Set 

Socket Wrench Set 

Drill w/ Bits 

Pliers (optional) 

Note: Rail length provided in the kits is adjustable without cutting; a saw is not needed. 
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Site Assessment 

 

Solar Access (percentage of annual energy captured) 

 

Obstructions to the south can be visually assessed, but is quite thoroughly done with use of a Solar 

Pathfinder Tool.  Olympic Energy Systems provides a free assessment and an estimate of the year’s 

access to the sun, as a percentage of the potential Peak Sun Hours (noon equivalent). 

 

Mounting Surface or Area 

 

The mounting system footprint is found in the TCS System Specification [Section 2] , and includes the 

physical dimensions of the rails (left to right and top to bottom) for the Roof Mount and from the anchor 

insertion points (left to right) and stanchion post edges (front to back) for the Ground Mount.  Note, PV 

panels may extend to the front or to the back of the mounting system. 

 

Integration with Site Electrical Supply (for grid-tie applications) 

 

The electrical interface to the solar PV panels and mounting system must comply with local electrical 

codes.  Typically, the DC cables from the array are in conduit, perhaps from a Combiner Box located at or 

near the array.  The general approach is to one end or the other of the TCS R1, at or near the Mid-

Stanchion.  Multiple rows of R1 may mean multiple groups of wiring, which will usually be buried in 

conduit. 

 

Beyond the outdoor rated (USE 2) PV cables used from the PV panel pigtails (usually via MC or Tyco Lok) 

connectors), all DC cable must be in conduit and must be metal indoors and through exterior walls.  

Conduit may be (gray/outdoor rated) PVC.  Junction Boxes with glands may be used to transition USE 

cables into conduit. 

 

TCS System Description 

 

Mounting Kits are available for roof and ground mounting of framed solar panels.  Design evolution will 

eventually take us to mounting thin film PV without frames.  This is part of an anticipated Design Science 

leading us to do more with less. 

 

Tensioned cables in roof mount systems (R1 and R2) have a “hold down” role, with much of the panel 

and rail weight supported by Peak Mounts that “hook” onto the peak.  Bulk tensioning is provided by Lift 

Tensioners on the surface of the roof.  Fine tensioning is provided by Pull Tensioners attached to the C-

shaped C-rings of the Gable Mount. 

 

Tensioned cables in ground mount systems (G1 and G2) have a “hold-up” role, with tensioned cables 

holding up significant weight, and with an exposure to wind, necessitating dual opposing cables to 

provide stability.  The shape, size, and geometry of the stanchions also provide stability, especially in 
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winds.  Integral tensioning is provided by eye bolts in the Thrust Plates on the end stanchions.  End 

cables attached to earth anchors include turnbuckles, a form of Pull Tensioner that allows a balancing 

between the suspended PV cables and the end cables, ensuring that stanchions remain vertical and firm. 

 

In all systems, PV panels are held firm by PV Clamps, with fasteners that attach to rails on the roof and 

cables on the ground.  The roof PV clamps are similar to the ground PV clamps, which have an added clip 

for hanging. 

 

Basic Principles 

 

The holding ability of (stainless steel) cables is theoretically magnitudes larger than necessary for 

mounting Solar PV panels, but maintaining the “shape” is important.  A straight cable in tension is very 

strong, capable of thousands of pounds of force.  Introduce a sag, parabolic shape, or (near) catenary 

shape, and the strength or mounting capability requires maintenance of such shape.  The TCS uses Lift 

Tensioners (Roof) and Cross Ties (Ground) at scheduled intervals to maintain mounting strength. 

 

 

How to use this Guide 
 

Sizing of solar electric systems depends on a number of factors, including the site characteristics, roof 

dimensions, economic conditions, owner budget, aesthetics, and equipment availability.  Though the 

mounting systems herein are specified as kits, one should not assume that system design and sizing is 

merely a prescriptive process.  There is always more than one way to implement a solar electric system, 

thus, several options should be explored, even beyond the charts and tables.  Solar PV panels can be 

mounted in portrait or landscape orientation and in many different combinations of rows and columns 

to achieve minimal string size for tying to the electric grid. 

 

Tables and figures in the manual allow a quick lookup of the wide range of PV array sizes and shapes.  

One could start with a system output value (i.e., wattage) and derive the kits that allow mounting, or 

one could look at the mounting specification and derive a system size.  Embedded in the selection data 

are constraints of PV panel size (height and width) and open circuit voltage - key drivers in the mounting 

system design.  The array voltage and power must meet minimal requirements of the inverter tying the 

DC energy of the PV panels to the AC of the electric grid.  Use the guide as a reference and use diligence 

as a means of assuring the most appropriate system for the new owner. 
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Getting Started 

 

R1 Roof Mount 

 

Know your roof…Gable to Gable Distance =? Roof Pitch =? Overhang (Gable)? Rake Distance =? 

 

Know your budget...Calculate the potential system size in watts by dividing your budget by the cost per 

watt, say $10,000 divided by $4/W [typical & prevailing] = 2.5 KW, or, $10,000 divided by $3/W [OES-

developed] = > 3KW. 

 

Know your Solar PV Strings…PV panels are wired in series and the individual open circuit Voltages are 

added.  There is a minimum voltage to the String Inverter and a maximum voltage rating (600 V or 1000 

V DC), thus, constraining the PV string size. 

 

Know the mounting options…Conventional mounting means exacting layout, drilling, sealing, and 

fastening with lag bolts.  TCS mounting means installing pivot joints at gable (or eave) ends upon a 

ladder, with minimal measuring, and with NO roof penetrations. 

 

Understand the TCS…Expandable, scalable properties simplify the selection and procurement of 

mounting hardware.  Select the best option [R1G, R1E, or R1S], depending on roof design and 

orientation.  The assumed overhang construction is 2x4 (with 5/8 sheet), whereupon the Pivot Joint (PJ) 

is mounted.  Otherwise, a uni-strut section can be used to mount a PJ to a 2 inch nominal overhang. 

 

G1 Ground Mount 

 

Know your ground (site)…Footprint =? Is there room for fencing around PV array? 

 

Know your budget…Calculate potential system size (Budget divided by $6 per watt [typical], of divided 

by $5 per watt [OES-developed]. 

 

Know your Solar PV Strings… 

 

Know the mounting options…Conventional mounting means digging and pouring concrete 

piers/footers; i.e., permanent.  TCS mounting means deploying a PV array securely but without buried 

foundations.; i.e., non-permanent (and portable). 

 

Understand the TCS…Select the best option (G1-1 or 2-8:20), depending on system size and PV panel. 

 

Documentation Available 

 

Several documents are available for review and inspection, either at the company website or upon 

request, including the following: 
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Engineering Sketches / Design Notes [Confidential and available upon request] 

TCS R1 Specification Sheet 

TCS G1 Specification Sheet 

Production Drawings [Confidential and available only to authorized suppliers and producers] 

TCS R1 Installation Manual 

TCS G1 Installation Manual 

TCS (R1 and G1) Design Guide 

Introduction to the TCS [Power Point] 

TCS Brochure [General Description] 

TCS Flyer [Solar Farms] 

 

TCS Acronyms ς R1 

 

GM Gable Mount with GMP (GM Pad) 

EM Eave Mount with EMP (EM Pad) 

PJ Pivot Joint 

UPJ Universal Pivot Joint 

PM Peak Mount 

EPM End Peak Mount (Assembly) 

PT Pull Tensioner 

LT Lift Tensioner 

VR V-Rail (Vertical) 

HR H-Rail (Horizontal) 

GR Gable Rail (with GM’s) 

DOC Dual Opposing Cable 

PV Photovoltaic (Panel) 

SC  Support Cable (analogous to PV Cable) 

PK Peak Keeper (similar to PM, but with dual roofs) 

PR Peak Rail (used with PK’s, PM’s, and EPMS’s) 

CPM Cable Peak Mount (supports actual Cable at Peak) 

HDC Hold Down Cable (in R1) 

EC End Clamp 

MC Mid Clamp 

PMP Peak Mount Plate (holds CPM to PR) 

PM2 Peak Mount Two (with dual roofs) 

CPMB Cable Peak Mount Bracket 

PA Peak Arc (with Cable) 

ST Side Tensioner (with R1S) 

HUC Hold Up Cable (with R1S) 

PVL PV Ledge (on H-Rail; may be on V-Rail) 

CC Cable Clip (with R1S) 

PP Peak Pad (used when ridge vents are present) 
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TCS Acronyms ς G1 

 

ES End Stanchion 

MS Mid Stanchion 

TP Thrust Plate 

CT Cross Tie 

PVC PV Cable 

DOC Dual Opposing Cable (similar to Hold Down Cable) 

S-DOC Surface Dual Opposing Cable (“sag” is in the surface plane) 

PT Pull Tensioner (or Integral Tensioner) 

TB Turnbuckle 

MC Mid Clamp 

EC End Clamp 

PVH PV Hanger 

CM Cross (Support) Member 

GHD Ground Hold Down (Cable) NEW (Model GX in work) 

CP Cable Plate 

EA Earth Anchor 

CC (See PVH) 

SP Stanchion Plate (when PB not used) 

PB Pier Block 

 

Solar PV Panel GROUPING (to aid in kit selection) 

 

Selection of TCS mounting kits depends on certain key characteristics or parameters of the multitude of 

available Solar PV Panels:   

 

PV Panel WIDTH, PV Open Circuit Voltage, and PV Panel DEPTH. 

 

Upon analysis of these general characteristics, four Groups have been defined to help size and specify 

the R1 and G1 kits needed to mount a grid-tied string in a portrait orientation. [See Table 1] 
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Group A B C D 
Width Less Than 30” 30” to 36” 36” to 42” Greater Than 42” 

Nominal Width 26” 32” 39” 42” plus 

Nominal Weight 30 lbs 35 lbs 40 lbs 40 – 55 lbs plus 

Open Circuit 

Voltage, typical 

22 V 30 V or 

44 V 

33 – 36 V 

(including 60 Cell) 

Various 

Available Panels 

(Make & Model) 

Not Inclusive or 

exhaustive 

 

FOR 

 

ILLUSTRATION 

 

ONLY 

 

(Not an 

Endorsement) 

Evergreen ES-C125 

Kyocera LPU135 

Mitsubishi 130 

 

Caleo 185 

BP 175 

Canadian 170 M 

ET Solar 185 

Lumos 185 

Mitsubishi 190 

Ning Bo 180 

Peva Fersa 180 

Sanyo HIT 210+ 

Schott 175 

Schuco 175 

SET 175 

Sharp 165U1 

Solar World 175 

Sun Power 230 

Sun Tech 175 

Trina 185 

Aleo 230 

BP 230 

Canadian 170 P, 240 P 

DAY4 190 

ET Solar 210, 280 

Evergreen ES-B (180+) 

Evergreen ES-A (200+) 

GE 205 

Kaneka 60 

Kyocera LPU 185 

Peva Fersa 210+ 

REC 205-230 

Schott 210 

Schuco 200 

Sharp 200U1F 

Sharp 230A1 

Siliken 215-315 

Sun Power 305+ 

Sun Tech 200 

Yingli 175 

Solar World 220 

Suniva OPT 250+ 

(typifies 60 Cell) 

DA80 

(used in prototyping 

11/2011) 

Table 1 (PV Groups) 

 

 

2 TCS System Specification  

 

General Requirements 

 

R1 Roof Mount 

 

The R1 shall perform three basic functions: 

 Hold Down [via GM’s, UPJ’s, Cables, & LT’s], 

 Hang Up [via PM’s and V-Rails], 

 Hard Fasten [via PV Clamps and H-Rails]. 
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The R1 shall not penetrate the roof surface. 

 

The R1 shall comprise the entire PV Panel mounting system, except Rails (provided by the customer / 

owner / installer), in the form of a kit. 

 

The R1 Kit shall be available in various sizes, reflecting the different PV array configurations and sizes, 

particularly to mount PV strings (that power string inverters). 

 

The R1 shall allow flexibility, up/down and left to right, to accommodate the small variations in the 

dimensions of the PV Panels. 

 

The R1 shall utilize Commercial Off The Shelf (COTS) PV Clamps. 

 

G1 Ground Mount 

 

The G1 shall perform three basic functions: 

 Hold Down [via Anchors and End Cables] 

 Hang Up [via Stanchions and “Hold Up” Cables] 

 Hard Fasten [via PV Clamps with PV Clips] 

 

The G1 shall comprise the entire PV Panel mounting system, except Pier Blocks (provided by the 

customer / owner / installer), in the form of a kit. 

 

The G1 Kit shall be available in various sizes, reflecting the different PV array sizes, particularly to form 

PV strings (that power string inverters). 

 

Part Numbering 

 

Roof Mount 

 

OES-TCS-R1[G,E,S]-[1,2]-#x##-C##-P#[Null,N]-D[1:9][A,B,C,D] 
 

Where D[1:9] = Depth of PV Frame in inches…1=1.34, 2=1.40, 3=1.60, 4=1.68, 5=1.80, 6=1.90, 7=2.00, 

8=reserved, and 9=reserved; PV Groups A, B, C, and D (Group C is roughly 39x65 inches and is common) 

 

Where P# = Roof Pitch, as # / 12 (Example 4 = 4 / 12 pitched roof]; Overhang is assumed; N = No O/H 

 

Where C## = Cable (Gable to Gable, or Eave to Eave) in feet (rounded up) 

 

Where #x## = PV Array Configuration, as Rows x Columns 
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Where G = Gable to Gable, E = Eave to Eave, and S = Surface Dual Opposing (Cable) 

 

Default R1 Kit = 2x6P, 60 Feet G2G, Group C PV, 4/12 pitch, Overhang, and PV Depth = 1.80”… 

 

Default (when “R1” is referenced it means this part number): R1G-1-2x6-C60-P4-D5C 
 

Ground Mount 

 

OES-TCS-G1-[1,2]-[8,10,12,14,16,18,20]-D[1:9]-S[1:14] 
 

Where S[1:14] = PV Frame Back Edge width, relevant to the Separation Clip (part of the PV Clamp), with 

the number / 8 = back edge width in inches.  Example, S8 = 1 inch (typical). 

 

Where D[1:9] = Depth of PV Frame in inches…1=1.34, 2=1.40, 3=1.60, 4=1.68, 5=1.80, 6=1.90, 7=2.00, 

8=reserved, and 9=reserved; PV Groups A, B, C, and D (Group C is roughly 39x65 inches and is common) 

 

Where [8, 10, 12, 14, 16, 18, 20] = length of a cable span, in feet, nominal. 

 

Where [1,2] is number of cable spans, where 1 implies no Mid Stanchion and 2 includes the MS. 

 

G1 is the only model available at this time. 

 

Default G1 Kit = 2 span, 20 foot long spans (each), PV Group C, PV Depth of 1.80” and PV Frame Back 

Edge width of 1 inch… 

 

Default (when “G1” is referenced it means this part number): G1-2-20-D5-S8 
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TCS R1 System Specification 
 

 

 

Parameter 
R1G-1-1x12 R1G-1-2x6 R1G-1-2x12 R1G-1-3x8 

Footprint (ft x ft) 7 ½ x 40 ½  13 x 20 ½  13 x 40 ½  18 ½ x 27  

Tilt Angle (#/12) Roof Pitch Roof Pitch Roof Pitch Roof Pitch 

Linear Feet – PV 40 40 80 80 

Number of PV 12 12 24 24 

Quantity 10’ Rail 12 22 44 36 

Quantity 6’ Rails 20 0 0 0 

Gable Mount 

Size 

12 inch Dia. 12 inch Dia. 12 inch Dia. 12 inch Dia. 

Max Cont. Wind 60 mph 60 mph 60 mph 60 mph 

Peak Wind Load 90 mph 90 mph 90 mph 90 mph 

Weight – Gable 

Mount (GM) 

< 15 lbs each < 15 lbs each < 15 lbs each < 15 lbs each 

Weight – Cables < 40 lbs total < 40 lbs total < 40 lbs total < 40 lbs total 

Weight – 

Hardware w/o 

Gable Mounts, Cable 

< 25 lbs est. < 20 lbs est. < 30 lbs est. < 30 lbs est. 

Lifetime 25 Years + 25 years + 25 years + 25 years + 

Material 
– Pivot Joint 

– Cables 

– Clamps 

– Lift Tensioners 

– Gable Mount 

– Rails 

 
Aluminum 

316 SS 

Aluminum 

Aluminum 

Steel/Painted 

Galvanized Steel 

 
Aluminum 

316 SS 

Aluminum 

Aluminum 

Steel/Painted 

Galvanized Steel 

 
Aluminum 

316 SS 

Aluminum 

Aluminum 

Steel/Painted 

Galvanized Steel 

 
Aluminum 

316 SS 

Aluminum 

Aluminum 

Steel/Painted 

Galvanized Steel 

Warranty 1 year 1 year 1 year 1 year 

System Features Integral PV Tensioning 

Failsafe PV Clamps 

One person PV install 

No roof penetrations 

Integral PV Tensioning 

Failsafe PV Clamps 

One person PV install 

No roof penetrations 

Integral PV Tensioning 

Failsafe PV Clamps 

One person PV install 

No roof penetrations 

Integral PV Tensioning 

Failsafe PV Clamps 

One person PV install 

No roof penetrations 

Table 2 (R1 System) 
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TCS G1 System Specification 
 

 

 

Parameter 
G1-2-8 G1-2-10 G1-2-12 G1-2-14 

Footprint 4’ x 27’ 4’ x 31’ 4’ x 35’ 4’ x 40’ 

Tilt Angle 30 degrees 30 degrees 30 degrees 30 degrees 

Linear Feet – PV 11 feet 14 feet 18 feet 22 feet 

Number of PV 4 - 6 6 - 8 6 - 10 8 - 12 

Anchor Size 4”x40” gravelly 

6”x45” clayey 

4”x40” gravelly 

6”x45” clayey 

4”x40” gravelly 

6”x45” clayey 

4”x40” gravelly 

6”x45” clayey 

Max Cont. Wind 60 mph 60 mph 60 mph 60 mph 

Peak Wind Load 90 mph 90 mph 90 mph 90 mph 

Weight – End 

Stanchions 

60 lbs 60 lbs 60 lbs 60 lbs 

Weight – Mid 

Stanchions 

39 lbs 39 lbs 39 lbs 39 lbs 

Weight – 

Hardware w/o 

Stanchions/Anchors 

63 lbs 64 lbs 65 lbs 66 lbs 

Lifetime 25 Years + 25 years + 25 years + 25 years + 

Material 
– TP 

– Cables 

– Clamps 

– Hangers 

– Stanchions 

– Earth Anchors 

 
304 SS 

316 SS 

Aluminum 

Aluminum 

Treated 

Steel/Painted 

 
304 SS 

316 SS 

Aluminum 

Aluminum 

Treated 

Steel/Painted 

 
304 SS 

316 SS 

Aluminum 

Aluminum 

Treated 

Steel/Painted 

 
304 SS 

316 SS 

Aluminum 

Aluminum 

Treated 

Steel/Painted 

Warranty 1 year 1 year 1 year 1 year 

System Features Integral PV Cable 

Tensioning 

Failsafe PV Clamps 

One person PV install 

Dual Opposing Cables 

No permanent 

foundations 

Integral PV Cable 

Tensioning 

Failsafe PV Clamps 

One person PV install 

Dual Opposing Cables 

No permanent 

foundations 

Integral PV Cable 

Tensioning 

Failsafe PV Clamps 

One person PV install 

Dual Opposing Cables 

No permanent 

foundations 

Integral PV Cable 

Tensioning 

Failsafe PV Clamps 

One person PV install 

Dual Opposing Cables 

No permanent 

foundations 

Table 3 (G1 System)
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PV Array Kit R1G-1- # PM # LT Mid Clamps End Clamps # S- Nuts І млΩ Rail # сΩ Rail 
1x1P 1x1 2 4 0 4 16 0 6 (2 re H) 

1x2P 1x2 2 4 2 4 22 0 8 (4 re H) 

1x3P 1x3 3 6 4 4 30 0 10(4 re H) 

1x4P 1x4 4 8 6 4 34 4 8 

1x5P 1x5 4 8 8 4 40 6 8 

1x6P 1x6 5 10 10 4 48 6 10 

1x7P 1x7 6 12 12 4 52 6 12 

1x8P 1x8 6 12 14 4 58 8 12 

1x9P 1x9 7 14 16 4 66 8 14 

1x10P 1x10 8 16 18 4 70 8 16 

1x11P 1x11 8 16 20 4 76 10 16 

1x12P 1x12 10 20 22 4 90 12 20 

1x13P 1x13 11 22 24 4 98 12 22 

1x14P 1x14 11 22 26 4 100 12 22 

2x1P 2x1 2 4 0 8 24 4 4 re H 

2x2P 2x2 2 4 4 8 36 4 8 re H 

2x3P 2x3 3 6 8 8 48 6 8 re H 

2x4P 2x4 4 8 12 8 52 16 0 

2x5P 2x5 4 8 16 8 64 20 0 

2x6P 2x6 5 10 20 8 76 22 0 

2x7P 2x7 6 12 24 8 80 24 0 

2x8P 2x8 6 12 28 8 92 28 0 

2x9P 2x9 7 14 32 8 104 30 0 

2x10P 2x10 8 16 36 8 108 32 0 

2x11P 2x11 8 16 40 8 120 36 0 

2x12P 2x12 10 20 44 8 140 44 0 

2x13P 2x13 11 22 48 8 152 46 0 

2x14P 2x14 11 22 52 8 156 46 0 

3x1P 3x1 2 4 0 12 32 4 6 re H 

3x2P 3x2 2 4 6 12 40 4 12 re H 

3x3P 3x3 3 6 12 12 66 6 12 re H 

3x4P 3x4 4 8 18 12 70 20 0 

3x5P 3x5 4 8 24 12 88 26 0 

3x6P 3x6 5 10 30 12 104 28 0 

3x7P 3x7 6 12 36 12 108 30 0 

3x8P 3x8 6 12 42 12 126 36 0 

3x9P 3x9 7 14 48 12 142 38 0 

3x10P 3x10 8 16 54 12 146 40 0 

3x11P 3x11 8 16 60 12 168 46 0 

3x12P 3x12 10 20 66 12 190 56 0 

3x13P 3x13 11 22 72 12 206 58 0 

3x14P 3x14 11 22 78 12 212 58 0 
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Table 4 (R1 Kits) 

 

Selection of R1 kits from Desired System Size (NUMBER of PV Panels) 

 

TCS R1 Part No. Rows Group A Group B Group C Group D 

[Estimated Power:] - 125W/PV 200W/PV 250W/PV 100W/PV 

R1G-1-1x4 [4 PV] 1 500W 800W 1000W 400W 

R1G-1-1x6 [6 PV] 1 750 1200 1500 600 

R1G-1-1x8 [8 PV] 1 1000 1600 2000 800 

R1G-1-1x12 [12 PV] 1 1500 2400 3000 1200 

R1G-2-2x4 [8 PV] 2 1000 1600 2000 800 

R1G-2-2x6 [12 PV] 2 1500 2400 3000 1200 

R1G-2-2x8 [16 PV] 2 2000 3200 4000 1600 

R1G-2-2x12 [24 PV] 2 3000 4800 6000 2400 

R1G-1-3x4 [12 PV] 3 1500 2400 3000 1200 

R1G-1-3x6 [18 PV] 3 2250 3600 4500 1800 

R1G-1-3x8 [24 PV] 3 3000 4800 6000 2400 

R1G-1-3x12 [36 PV] 3 4500 7200 9000 3600 

* On Grid Capable (with a String Inverter) 

Table 5 

 

Selection of R2 kits TBD 

 

Selection of G1 kits from Desired System Size (NUMBER of PV Panels) 

 

TCS G1 Part No. Spans Group A Group B Group C Group D 

[Estimated Power:]  125W/PV 200W/PV 250W/PV 100W/PV 

TCS-G1-1-8 1 3 2 2 1-2 

TCS-G1-1-10 1 4 3 3-2 2 

TCS-G1-1-12 1 5 4-3 3 3-2 

TCS-G1-1-14 1 6-5 5 4 3 

TCS-G1-2-8 * 2 6 4 4 2-4 

TCS-G1-2-10 * 2 8 6 6-4 4 

TCS-G1-2-12 * 2 10 8-6 6 6-4 

TCS-G1-2-14 * 2 12-10 10 8 6 

TCS-G1-2-16 * 2 12 12-10 8 8-6 

TCS-G1-2-18 * 2 14-12 12 10 8 

TCS-G1-2-20 * 2 16-14 14-12 12-10 10-8 

* On Grid Capable (with a String Inverter) 

Table 6 
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Assembly (from Kits) 

 

All hardware needed to mount the specified number of solar panels on roofs is included in the R1 (and 

R2) Kits, except for the shallow Uni-Strut rail.  Rails are mounted vertically up and down the roof (V-

Rails) – connected to the Peak Mounts – and mounted horizontally left to right (H-Rails), without lag 

bolts and penetrations through the roof.  The preferred or common orientation of solar panels is 

Portrait, though Landscape will be available with very similar kits.  Component parts can be procured 

separately, allowing for customer specified kits, allowing more versatility in roof layout and system size.  

Uni-Strut rail is available in most hardware and building supply stores and certainly at all electrical 

distributors. 

 

The variability from small system kits (R1G-1-1x2, R1G-1-2x6, etc.) to large kits (R1G-1-2x12, R1G-1-3x8, 

etc.) is simply the different quantity of Peak Mounts, Fasteners, PV Clamps, and Rails needed.  Each kit 

(and associated part number) expands through the addition of a fixed amount of Peak Mounts and Rails, 

allowing longer rows or additional rows beneath the first.  Excess rail length is embedded in each kit.  

Specific rail length is achieved by adjusting the relative position of the added rail, then securing it with a 

V-Rail and H-Rail connection.  Use of splice hardware is minimized by layout design.  For example, the 

proximity of V-Rail and H-Rail connections allows the H-Rail to act as a splice for V-Rail extension. 

 

Hold down is assured via cables secured to the gable underside by Gable Mounts, per a patent pending 

approach.  Pull and Lift Tensioners in kits allow cable tensioning.  Ground mount kits vary in the length 

of cables, size (length) of earth anchors, and quantity of PV clamps. 

 

R1 Kits 

 

R1 kits mount solar PV panels in portrait or landscape on a roof with a grid of shallow Uni-Strut rails, 

hung from peak mounts and held down with tensioned cables running gable to gable.  Peak mounts are 

placed at 4 to 5 foot intervals.  PV panels mount on horizontal rails, which in turn mount on vertical rails 

in contact with the roof surface.  All hardware, except rails, is included in kits. 

       Small 1x2P with (2) Peak Mounts 

                Basic Architecture 

 

 



Olympic Energy Systems, Inc. 

19 

 

R2 Kits 

 

R2 kits mount solar PV panels in portrait or landscape on a roof with a grid of shallow Uni-Strut rails, 

organized by columns, hung from peak mounts and held down with tensioned cables running gable to 

gable.  Peak mounts are placed at every column, i.e., at each PV panel (centered).  In landscape, PV 

panels mount on vertical rails set directly on the roof, thus, the panels are closer to the roof surface 

than those mounted in portrait.  All hardware, except rails, is included in kits. 

 

G1 Kits 

 

G1 kits mount a string of solar PV panels in Portrait on the ground with tensioned cables strung between 

stanchions held to the ground with cables attached to earth anchors. Integral pull tensioners provide for 

tensioning of PV cables.   All hardware is included in kits.  Part Number Example:  

TCS-G1-2-12 = Ground Mount, 2 Span, 12 feet nominal per Span 

 

Recommendations (Tips, Rules of Thumb, and Lessons Learned) 

 

The roof mount kits install with relative ease, as there are no roof penetrations to map out and there is 

no balance of PV weight with cable tension as required with the ground mounts.  Mounting on the 

ground has the distinct advantage of not having to work on a sloping surface.  With patience, the loading 

of PV panels and the tensioning of cables with the ground mount units become second nature, as one 

begins to understand that balancing forces is a matter of small tweaks and of anticipating tensions set 

up when all panels are in place.  The system has adjustability built in, so the key is the final tensioning, 

not the small tweaks along the way to completion. 

 

The PV array TCS mounting system – using off the shelf Uni-Strut rails and TCS-unique Peak Mounts – is 

largely fabricated on the ground and simply placed on the roof (and later held down with tensioned 

cables).  Conventional carpentry techniques allow the installation of Gable Mounts.  The on-roof rail 

system allows the easy installation of solar PV panels, which rest on PV clips before clamping, allowing 

one person installation. 
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Summary of TCS Options 

 

R1 Basic Roof Mount (intended one or two row with one PV string, etc.) 

G1 Basic Ground Mount (intended one row with one PV string, etc.) 

R1G Gable to Gable 

R1E Eave to Eave 

R1S Surface Dual Opposing Cable (based on G2G) 

G2 Two Row (single or dual span) – one or ½ string 

R2 Similar to R1, but with 1 PM per V-Rail per PV Panel 

U1 Unusual Roof Mount 

T1 Tilting Ground Mount 

RX Top Secret 

P1 Pole Ground Mount 

GX Hold Down Cables on Contoured or Humped Land (Example: capped Landfills or Hilly Terrain) 

W1 Wall Mount TCS 

C1 (F1)  Commercial Flat Roof 

 

Expanding an Existing TCS R1 Mount 

 

[See attached DN 978] 

 

Solar Farms with the TCS G1 

 

[See attached DN 979] 

 

R1 Kit Specification 

 

[See attached DN 961B] 

 

R1 Sub-Component Designs 

 

[See attached DN 961B.1] 

 

C1 Commercial Flat Roof [See attached DN 981] 

 

G1S Surface Dual Opposing Cable (no anchors in PV field) [See attached DN 987] 

 

4 TCS Assembly and Installation 

 

The R1 Roof Mount system is shown here to illustrate its simplicity.  The Roof Mount is somewhat of a 

deployment rather than a fabrication, though the Ground Mount G1 is closer to a deployment. 
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Kits are delivered w/ all hardware except Uni-Strut; Small arrays can be pre-assembled before mounting 

    
Small rails can be carried up a ladder and placed; PV Clips hold the PV panel prior to clamping 

    
Pivot Joint on Gable End with Overhang;  GM Mount w/ Pull Tensioner (Pad not installed yet) 

     

    
GM Pads (used under end of C ring of GM; Peak Mount 
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Basic  

 

1) Pivot Joints 

2) Gable Mounts 

3) Peak Mounts and Rails 

4) Cables 

5) PV Clamps (Mid and End) 

6) PV Panels 

7) Tensioning 

8) Wiring 

9) Initial Periodic Inspections for detensioning 

 

General  

 

1) Locate Footprint (array facing south), centering the array if possible and clear of obstacles. 

2) Locate Pivot Joint locations.  First install the base structure (typically Uni-Strut sections) with lag 

bolts into structure (not just sheeting). 

3) Install Pivot Joints at Gable Ends. 

4) Install Gable Mounts. 

5) Prefabricate rails on the ground, using V-rails (attached to Peak Mounts) and H-rails 

6) Place rail system on roof, with Peak Mounts over the peaks. 

7) Install Hold Down Cables between Gable Mounts and modestly tension with the Lift Tensioners. 

8) Insert Gable Mount Pads underneath the Gable Mount ends on the roof surface. 

9) Install solar PV panels, first resting them on the PV Clips. 

10) Install solar PV panels, connecting the MC connectors (in series) as the installation progresses. 

11) Install ground wires to each of the H-Rails (at one end). 

12) Adjust Integral (Lift or Pull) Tensioners as needed for balance and stability. 

13) Snip excess cable lengths from hold down cable ends, beyond the cable clips/clamps. 
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Basic G1 Assembly Sequence [above] 
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PV Hanger upon initial installation; the PV panel rests on the arm, secured with the hook. 

 

 
Conventional wrenches are used to secure the PV Clamp to the PV panel.  End Clamp shown.
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Cable Tensioning (considering PV static weight) 

 

Fv = W*S/2 [Force, vertical at the integral tensioner] 

Fh = W/(8*h)*(S^2 – 4*h^2) [Force, horizontal at the integral tensioner] 

 

where  

 

W = Weight per unit length (pounds per foot) [0.11 lbs/foot for ¼” SS cable] 

S = Cable length, under sag 

h = Sag at middle span 

 

Forces on the PV array at 30 degree tilt due to wind: 

 

F(wind)v = 0.433*F(wind) 

F(wind)h = 0.25*F(wind) 

 

where 

 

F(wind) = A*P*Cd; A = cross sectional area SF; P = 0.00256*V^2 (mph); Cd = 1.2 cylinder; 2 flat plate 

 

A 60 mph wind exerts a total force (over the vertical cross sectional surface area of the PV array) of 864 

pounds (assuming a Cd of 1.5 for the inclined surface).  For comparison, a 90 mph wind exerts a 

(horizontal) force of 1944 pounds over the same array.  These forces translate to increase tension in the 

PV cables and to an increased downward force at the integral tensioner. 

 

Forces on the PV array with 10 inches of snow on panels: 

 

Typical 125 SF total PV area of G1 array x 1/12 x 7.5 lbs/CF = 78 lbs (both spans); so, 40 lbs on one span 

 

Generally, the tension of the PV cables increases by 50% with a foot of snow and doubles (increases 

100%) in a 60 mph wind.  At a very minimum, anchors must have a 2:1 margin for normal withstand of 

typical weather-induced forces, while a 3:1 is recommended for extreme conditions.  Note, if anchors 

were to begin pull out in high winds, the static tension is reduced due to induced sag, thus, reducing the 

pull out force.  Maintenance is then needed after the wind event to restore normal static tension. 
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6 Design Science Plan for Tensioned Cable Systems 

 

The idea of a Design Science is derived from R. Buckminster Fuller’s design science around the concept 

of livingry, as opposed to weaponry, and his concept of ephemeralization – doing more with less.  Much 

of the 20th century has been used to devise “immer enzetslichere waffen” ever more terrorizing 

weapons, and using much of the science and engineering talent of a few generations to serve the 

national interest.  We are seeing the benefit of seeing beyond that thinking, as we are utterly in need of 

a philosophy of doing more with less and doing so with fairness to others and respect for the planet. 

 

When students learn the basics of science, geometry, and engineering (problem solving), they are 

empowering themselves.  That power allows entry into the realm of creativity in the natural world, 

which does obey inviolate laws of physics.  A design science must respect the fundamental laws of 

physics – gravity, forces, moments, strength of materials, etc.  Like other science – biology, geology, 

chemistry, and so on – research is always ongoing and we are always seeking…more data, more 

knowledge, more understanding, and ultimately a positive advancement of one’s being in the real 

world.  We have no exact definition of this new Design Science applying tensioned cables to solve 

problems in solar energy production, but we will let it evolve.  We start with fundamental knowledge 

and principles. 

 

7 Certifications and Approvals 

 

No certifications or approvals exist at this time, though they are anticipated in certain jurisdictions, such 

as California.  Local codes and regulations may apply.  Some cities require a mechanical inspection of the 

roof mounting system.  Most counties do not require building permits for roof mount systems if overall 

weight is under 5 pounds per square foot. 

 

8 Warranty Information 

 

A one year warranty on mounting kits for workmanship and performance is provided, with part 

replacement upon verification of any problem.  Metallurgical issues are anticipated, believed to be only 

aesthetic in nature.  All attempts have been made to secure quality metal and pre-fabricated parts. 

 

Disclaimer of Liability 

 

Olympic Energy Systems, Inc. does not guarantee the operational capability of the TCS mounting system 

when the procedures and guidelines of this manual are not followed.  Since compliance with this manual 

and the included guidelines, recommendations, procedures, techniques, and methods is not 

independently monitored by Olympic Energy Systems, Inc., Olympic Energy Systems, Inc. accepts no 

liability for damage arising through improper use or incorrect installation, operation, or maintenance of 

the TCS mounting system. 
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9 Glossary of Terms 

 

STANCHION – Structural Member that bears (compressive) loads.  In the G1, the stanchion uses 4x4 

Treated lumber and stainless steel Thrust Plates. 

 

THRUST PLATE – Holds the Integral Tensioners and transfers the load from cables to the strength 

members of the Stanchions. 

 

INTEGRAL TENSIONER – Eye (or Shoulder) bolt connected to cables for in-line tensioning.  In the G1, 

integral tensioners are attached to the Thrust Plates. 

 

PIER BLOCK – Concrete block with Cradle hardware (for 4x4 Treated) used to spread the load (weight of 

Stanchions and PV Panels) over a larger area (than a mere 4x4 post footprint area). 

 

TENSIONED CABLE SYSTEM (TCS) – Short for Tensioned Cable Solar Panel Mounting System.  Any of a 

variety of ways and means to mount solar panels using tensioned cables.  Examples, the TCS R1 (roof) 

and TCS G1 (ground); part of a design science, allowing for an evolution of designs and approaches. 

 

PV HANGER – A mechanical device used to place (and mount) a PV panel onto the top set of PV Cables, 

prior to clamping, to allow all PV panel weight to exert on the cable system before (final) clamping.  In 

the G1, one per panel, attached to the top PV Cable. 

 

PV CABLE – The Cable (Wire Rope) actually supporting the PV panel; part of a Dual Opposing Cable pair 

(for stability in wind, snow, etc.) 

 

DOC – Dual Opposing Catenary (DOC) Cables connected with Cross Ties that provide stability, especially 

in winds opposing the weight of the PV panels. 

 

DOC CABLE – The underside cable of a Dual Opposing Catenary Cable pair; exploits the near catenary 

shape of the top sagging cable and the inverse catenary of the opposing underside cable. 

 

CROSS TIES – The series of connections (strap stainless steel) between the PV Cable and the DOC Cable 

that allow opposing forces to be held by a near-catenary shape cable.  Example, snow weight is 

countered by the sag of the PV Cable, which the shape preserved with the Cross Ties.  Wind loading 

from behind the mounting system is countered by the DOC Cable on the upper span; winds from the 

front are countered by the DOC Cable on the lower span. 

 

GABLE MOUNT (including PAD) – A device for carrying the tension force of hold down cables to the 

gable end for anchoring, via a Pivot Joint. 

 

PEAK MOUNT – A device for supporting a rail assembly, on which Solar PV panels are clamped, by 

hooking over the peak of sloped roofs. 
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LIFT TENSIONER – A device for tensioning hold down cables by lifting the cable perpendicular to the axis 

of the tensioned cable. 

 

PULL TENSIONER – A device for tensioning hold down cables by pulling the cable, via an eyebolt and 

tensioning nut, connected to the Gable Mounts at either end of the roof. 

 

PIVOT JOINT – A mechanism for connecting the Gable Mount (“C” mount) to a base fastened to 

structure, which allows free movement, or pivoting.  The pivoting assures there are no moments 

generated on the structure. 

 

VERTICAL RAIL (V-RAIL) – Rails, typically Uni-Strut, that run up and down the roof and support the 

Horizontal Rails and which hang down from the Peak Mounts. 

 

HORIZONTAL RAIL (H-RAIL) – Rails, typically Uni-Strut, that run left to right on the roof surface, on top of 

Vertical Rails, and upon which Solar PV panels are clamped. 

 

PV CLAMP – A mechanism for attached Solar PV panels to either Rails on the Roof Mount systems or 

onto PV Cables on the Ground Mount systems. 

 

PV (RETAINING) CLIP – A simple device for holding Solar PV panels onto the Rails before clamping 

occurs, freeing up the installer(s) and providing a backup to the clamps (primary holding device). 

 

SURFACE DOC – A DOC cable pair turned onto the plane of a surface, including a roof or the ground, for 

the purpose of holding down structure such as rails and stanchions. 
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