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IMPORTANT SAFETY INSTRUCTIONS
READ THESE INSTRUCTIONS IN THEIR ENTIRETY BEFORE INSTALLING.

1) SAVE THESE INSTRUCTIONS. This manual contains important instructions for constructing
foundations, and raising, lowering and leveling towers that MUST be followed.

2) Read, Understand and Follow all warnings. - M

3) Read these instructions in their entirety before starting foundation construction and tower In this manual

installation.

4) Install foundation and tower in accordance with National Electric Code, and all local building g HHMM umﬁu._ﬁ._"aa
and zoning codes and requirements.

TIP: Helpful information

5) Obtain building and construction permits prior to starting construction. . !
to ease the installation

6) Foundation concrete must be completely cured prior 1o installing tower (Minimum 2500 PSI,
28 day strength),

Professional installation
highly recommended

7) Skystream uses high voltage and is potentially dangerous. Follow all safety precautions al all times.

Warning: Risk of injury or
death - proceed with extrame
caution

SN O

8) Follow proper grounding procedures for tower, foundation and windturbine,

89) Remain at a safe distance when raising and lowering tower. NEVER stand or walk under
tower while it is being raised or lowered. L

10) Be aware of overhead power lines.

Skystream 3.7™ Foundation and Tower Installation Manual 3
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Fig. 1 Bolt template for 33' and 45’ towers (17") and bolt template for 60' tower (19"

o

IMPORTANT: Be sure to use correct
template for your tower.
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2-1 Forming and Reinforcing Bar (33 ft. Tower Pier Foundation)

Pasition reinforcing bar per Figs. 2 and 3. Circular ties require a minimum overlap of 29 degrees (7 inches) and a minimum 3 inch clearance from the out-
side edge of the pier. Circular ties are #4 reinforcing bar with maximum @ inch (23 cm) spacing. Vertical reinforcement bars are 12, #6 reinforcing bars
equally spaced about circular ties. Forming is most easily accomplished using 24 inch (61 cm) sonotube. Forms must be removed before backfi ing. The
sonotube need not extend full depth of foundation if excavation is in solid undisturbed soil. See Fig. 2, Position 4, #6 cap bars as shown in Fig. 2.

2-2 “J” Bolts & Template {33 ft. Tower Pier Foundation)

@ Note: Take the time to prepare an accurate and strong template to position
and secure the “J" bolts. This will save much time and difficult rework.

* Before pouring the foundation the “J" bolts MUST be SECURELY locked in postion.

* Two paper templates are provided with the foundation bolt kits. Use the 17 Inch bolt circle template to position the "J" bolts for the 33 foot tower
foundation.

* Use the paper template to construct a wood template.

* Two methods of framing the “J” bolts are presented in Fig. 5. The first method uses a single template while the second method utilizes two templates
sandwiched between lengths of 24" lumber. Regardless of the method be sure bolts are correctly positioned prior to pouring concrete.

* Fabricate a wood template by securing the paper template to the wood template material (3/4" plywood works well),

* Center punch the center position of each “J" balt. Remove the paper template and drill a 1.25 inch (3.1 cm) mounting hole for each bolt. If possible
compare the template to the tower base to assure bolts will be positioned correctly.

* Mount each of the “J” bolts 1o the wood template by using a pair of foundation nuts to clamp the template between the nuts.

* Adjust the "J" bolts so they extend 7 +/- 0.5 inches above the finished grade of the foundation. This dimension is very important for the proper opera-
tion of the tower hinge.

* Assure all bolts are vertical and parallel.

Skystream 3.7™ Foundation and Tower Installation Manual 7
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Three - MAT Foundation (33 ft Tower only)

The MAT foundation is presented in Fig. 6. The foundation is a & foot by 6 foot (1.8 mx 1.8 m) square with a depth of 3 feet (9 m). The MAT foundation
is designed for an allowable vertical bearing pressure of 1,500 PSF (IBC Class 5 Soil per Table 1804.2).

General notes

1) The mat foundalion was designed in actordance with the |BC 2003
2} A professional angineer regist

d in the state where the project is located shall assume responsibility for

the site — specific design. The P.E. shall shall assure nnumnz. sultabliity for varying site and soll condition

such as soil classifications, watar table, existance of P psibl
liquefaction, frost depth, etc,

ptibility to

3} The mat foundation is for a allowable veriical bearing pressura of 1,500 PSF (IBC class 5 soil par tahle

1804.2)
4) All foundation elements shalf baar on properly prepared soll
5) Soll types and propertias shall be verified by the prajact PE.
6) Concrete work shall be in conformance with the requirements set forth in AC) 301/318

7) Anchor balt design shall be provided by athers. Anchor bolts numbers, size, type, and configuration shall

be capable of resisting all appliad moment, shear, and axial forces

8} Concrete shall have min 2,500 P5| z8-day strength and 5% air entrainment +/1% Concrate unit weight

1-1/4"DIA ANCHOR BOLTS {8 PLACES)

shall not excasd 150bs/Mt3
9) Reinfarcing steel shall be ASTM AG15 grade 60 deformed bars
10)Wind loads per IEC 200x were calculated by others:
Base moment: 26,290 ft-Ibs
Base shear: 867 Ibs
Axialload: 760 |bs 17" dia bolt hole circle
N
& g I }
™ #6 @ 8" both wats, E ﬁ T 1 |_
top and bottom 3 @ o = 1o o
&0
! <
30" 3 — N
o o o [} oLl go
3.0
60 3" cover

Mat Foundation Section

Fig. B Technical drawings for Mat Foundation

3-1 Reinforcing Bars (33 ft. Tower anly)

#4 @ 8" both ways

fop and bottom fop and

cottom

Pesition reinforcing bar “mats” as indicated in Fig. & Reinforcing bar is #6 bar spaced at 8 inch (20.3 cm) intervals, Reinforcing
bar mats positioned with minimum 3 inch (7.6 cm) concrete cover top and bottom.

Skystream 3.7™ Foundation and Tower Installation Manual 9
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Four - Electrical Conduit

Electrical conduit may be cast into the foundation such that the
conduit continues below grade to electrical panel. Alternately
wire may be routed between tower base plate and foundation.
Refer to local building codes BEFORE pouring concrete.

Building codes typically require direct burial cables be buried to
a minimum depth of 24 inches (61 cm) while cables in conduit
may be buried at a depth of 18 inches (46 cm). Additionally,
most codes prohibit embedding cables directly in concrete.
Refer to local codes for conduit size and minimum depth
requirements.

Skystream 3.7™ Foundation and Tower Installation Manual 11
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Six - Hinge Plate Installation Instructions

G IMPORTANT: There are two versions of the Hinge Plate Kit — Early and
Later Versions - refer to Figs. 8 and 9 to determing which kit you have
and follow the directions for that kit.

6-1 Early Version Hinge Plate Kit Mounting Instructions:
(refer to Fig. 8 and follow instructions below)

* Determine the three foundation bolts to be used to mount the hinge and
install a nut on each bolt. The top of the nut should be 5 inches from the
top of the bol.

* Place a single nut on one of the foundation bolts. (Not one of the bolts
used to secure the hinge plate.) This nut will later be used to ground the
tower,

* Install a nut and washer on each of the eight foundation bolts. Leave a gap
of approximately 7/8 inch between the nuts on the bolts for the hinge plate.

* Bolt the hinge to the tower base using the 7/8 inch nuts and bolts sup-
plied with the hinge kit, Install the bolts from the *outside” to ease later
removal of the bolts. Fully screw the nuts onto the bolts but do not over
tighten since the bolts act as pivots.

* Using suitable lifting equipment, lift the tower {with hinge) and position the
hinge slots between the nuts on the foundation bolts. Refer to Fig. 8.

* Adjust and tighten the nuts securing the hinge plate such that the top of
the hinge plate is 4 1/4 inches from the top of the foundation bolts.

* Position the remaining nuts as shown in Fig. 8. The washers on the “A"
and "B" nuts should be 2 1/4 inches from the top of the bolts. Position the
remaining nuts lower than the "A” and “B" nuts — these nuts will be tight-
ened after leveling the tower,

The tower, hinge plate and foundation should now appear as shown in
Fig. 8.

2.25" (6.7cm) from

top of washer A and
B to top of anchor
bolt

4.25" (10.8cm)

from fop of hinge

plate to top on

anchor bolt \.//

Fig. 8 Early Version hinge assembly and nut placement.

WARNING: The 4 1/4” height adjustment is VERY important to
insure the foundation bolts will clear the slotted holes in the base
plate allowing the tower to fully tilt into position.

Skystream 3.7™ Foundation and Towar Installation Manual 13
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Seven - Gin Pole Installation Instructions

There are three versions of the Gin Pole Kit as shown below. The @ TiP: The tower is now set to be raised. Southwest Windpower recom-

installation instructions for each kit differ slightly. Where required mends raising the tower once s._z..o.ﬁ the wind turbine _=m$__mn. This
permits checking the proper operation and installation of the hinge and

the directions indicate specific instructions for either the “A", "B" gin pole and also aliows inexperienced installers an oppartunity to prac-
or "C" versions of the Gin Pole Kit. tice raising the tower without risking damage to the wind turbine.

A B C

* two cables * gin pole * gin pole

= two shackles * two cables * two cables

+ two M16 (metric 16 mm) boits = three shackles » four shackles

» two M16 nuts * one M16 (metric 16 mm) bolt * three M24 (metric 24 mm) bolts

* three M24 {metric 24 mm) bolts = one M16 nut « three M24 nuts

« three M24 nuts * three M24 (metric 24 mm) bolts

* three M24 nuts

; ! 1
| I§i !
i M16 ke~ ¥
i bolt & AL il
¢ nut i . | i
J il
m | 1 ] |
. m g : I |
| .H I i | | |
_ “ _ R | _ !
§ _ _ : £
| i
[ |
N 1 A _...| | L | |1 = B
Fig. 10 Eary Version cable-gin pole assembly details Fig. 11 Late Version cable-gin pole assembly details Fig. 12 Version "C" cable-gin pole assembly details
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Eight - Raising the Tower

Refer to your Skystream Owner's Manual for directions on mounting Skystream on the tower. If you have not raised a tower
before it is also recommended 1o first raise the tower without the turbine. Raising the tower without the turbine provides the
opportunity to practice the procedure without risking damage 1o the turbine.

A minimum of three people are required to raise the tower.
* Position the remainder of tower mounting hardware and tools close to the tower foundation.
* Securely connect the gin pole cable to the raising vehicle.

* Very slowly, drive the vehicle away from the tower taking the “slack” out of the cable. Keep the vehicle inline with the tower
while slowly raising the tower.

WARNING: Use extreme caution when raising the
tower. Keep well away and to sides of tower and
cable. Beware of overhead power lings.

* As the tower approaches vertical it will reach a *balance point”. At this point two people can take over from the vehicle and
use the gin pole to manually lower" the tower into the full upright position. The goal is to prevent the tower from “falling”
into the final vertical position after it passes the "balance point”.

*  With the tower vertical and resting on the foundation balts, install the remaining nuts and washers and hand tighten the
nuts. Note that the tower may be tilted away from the hinge and it may be necessary to lower the “hinge side” of the tower
to fully thread the nuts on the foundation balts.

* If the tower was raised without the wind turbine, refer to the Lowering the Tower section and follow the instructions. If the
tower was raised with the wind turbine proceed to Leveling the Tower section.

Skystream 3.7™ Foundation and Towsr Installation Manual 17
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Ten - Leveling the Tower

Leveling the tower is most easily accomplished using only four of the eight
foundation bolts. Once the tower is leveled the remaining boits can be fully
tightened to secure the tower.

Be aware that leveling the tower may require some trial and error adjust-
ments — even though the base is level, the upper tower flange may be off
level due to manufacturing tolerances.

To level the tower:

* Level the tower on a calm day to minimize movement of Skystream,
Start by loosening all the upper foundation nuts about a full turn.

= Loosen and lower the four nuts on the "sides” of the foundation base
plate. In other words the tower should be supported by the four “cor-
ner” nuts of the tower base plate, (refer to Fig. 8, Bolts A and B are
“corner” bolts)

* Using two bubble levels set perpendicular to each other on the base
plate adjust the foundation nuts until the tower is level. Magnetic bub-
ble |levels may make this process easier.

* Once the tower is level tighten all nuts and recheck level.

Observe the position of Skystream on calm days. If the wind turbine seems
to favor a single position with no wind, the tower may require fine tuning
even if it appears level using the bubble leveling technique.

To fine tune the tower realize that the nose cone of the wind turbine

will "point” in the direction of the tower low side. Therefore, to level the
tower, slightly raise the side of the tower under the nose cone or lower
the side of the tower opposite the nose cone. Make fine adjustments.
Approximately one turn of a foundation nut equates to slightly more than
1/8" (8.4 mm) so even a half tum adjustment will make a difference.
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IMPORTANT SAFETY INSTRUCTIONS
READ THESE INSTRUCTIONS IN THEIR ENTIRETY BEFORE INSTALLING.

Professional installation
~ highly recommended

1)  SAVE THESE INSTRUCTIONS. This manual contains important instructions - N
for grounding your Skystream monopole tower. In this guide
2) Read these instructions in their entirety before beginning.
3) Do not start installation unless all required equipment and tools are on site. @ TIP: Helpful infarmation
to ease the installation

Professional installation
highly recommended

e Warning: Risk of injury or
death - proceed with extreme
caution
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b) Electrodes of rods of iron or steel shall be at least 15.87 mm (5/8 in)
in diameter. Stainless steel rods less than 16 mm (5/8 in} in diameter,
nonferrous rods, or their equivalent shall be listed” and shall not be

less than 13 mm {1/2 in) in diameter.

Other grounding electrode types may be used as recommended in
2005 NEC section 250.52 and in accordance with the user's local
electrical code authority.

*Be included in a list published by an organization (or marked as
such) that is acceptabie to the local authority having jurisdiction in
the area. For example, UL/CSA listed in USA/Canada.

2-1-1 Grounding Electrode Installation

The following information is excerpted from the 2005 NEC article 250.53
(G). Refer to code for additional detailed information.

The electrode shall be installed such that at least 8 ft (2.44 m) of length

is in contact with the soil. It shall be driven into undisturbed soil within 1

ft of the tower foundation. It shall be driven to a depth of not less than 8
t (2,44 m) except that, where rock bottom is encountered, the slectrode
shall be driven at an oblique angle not to exceed 45 degrees from the ver-
tical or, where rock bottom is encountered at an angle up to 45 degrees,
the electrode shall be permitted to be buried in a trench that is at least

30 in (750 mm) deep. The upper end of the electrode shall be flush with
or below ground level unless the aboveground end and grounding elec-
trode conductor are protected against physical damage as specified below
(quoted from 2005 NEC article 250.10):

a) In installations where they are not likely to be damaged.

b) Where enclosed in metal, wood, or equivalent protective covering,

2-1-2 Electrode Resistance to Ground

The resistance to earth of a single ground rod can be calculated using
Dwight's equation:

R = [r{{2aL)]x[In(4-/R)-1], where r is the soll resistivity, L is the length
of the rod buried inside the earth and R = radius of the rod; In stands for
the natural logarithm.

For calculating the resistance of the rod to ground, one must know the

value of soil resistivity. This may be found in the local electrical code or

building inspecter's office/municipal office or by an actual soil resistivity
test.

The resistance of a rod electrode to ground may be lowered by increasing
the rod diameter, increasing the buried length of the rod or by treatment of
the soil to reduce its resistivity.

If the single chosen electrode does not have a resistance to ground of 10
ohm or less, it shall be augmented by additional electrodes as necessary.
The overall resistance of multiple rods to ground would roughly equal the
resistance of a single rod to ground divided by the number of rods, Where
multiple such electrodes are installed to meet the above requirement, they
shall not be less than 6 ft (1.8 m) apart. The multiple rods must be bond-
ed together using the grounding electrode conductor.
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SCALE1:1

Fig. 2 Attaching the grounding wire to the tower base.

2-1-6-2 Using a Grounding Lug at Tower Base

Bond the grounding conductor to the tower base flange through a ground
terminal lug attached to the tower base as shown in figure 2. Use a 1/4-
20 x 1.7b in long stainless steel bolt through a hole in the tower base and
a Nyloc stainless steel nut to fasten the ground lug to the underside of the
tower base. The ground lug must be UL listed and must be type to that
accommodates up to 1/ 0 AWG wire minimum.

2-1-6-3 Using Exothermic Welding
Bond the grounding conductor to the tower base flange by exother weld-
ing of the conductor to the base flange. Make exathermic welds strictly in

accordance with the weld manufacturer's written recommendations.

Electrode conductor routing and placement / installation:

Ensure that the grounding conductor has no sharp bends in it, This is
important to keep its inductance low. The grounding conductor may be
buried or contained in a conduit as explained in 2005 NEC article 250.64.

2-2 Electrodes encased in the concrete of the tower foundation
{reference 2005 NEC article 250.52(A)(3))

A grounding electrode may alsc be encased in the concrete of the tower
foundation. The electrode is located at the bottom of the foundation and
connects to the tower mounting "J” bolts and to the tower base by means
of a grounding conductor.

Because the grounding electrode will be encased in concrete it should be
inspected and approved prior to pouring the foundation to avoid conflicts
with local construction inspectors.

Two types of electrodes, their locations and their connection 1o the elec-
trode grounding conductor are described below:

a) The Electrode must be at least 20 # (6.0 m) of one or more (electri-
cally connected by steel tie wires) bare or zinc galvanized steel or
other electrically conductive coated steel reinforcing bars or rods of
not less than 1/2 in {13 mm) in diameter, located near the bottom of
the concrete foundation that is in direct contact with the earth. The
electrode must be encased by at least 2 in (50 mm) of concrete as
shown in figure 4. The reinforcing bars, if bare, must not be rusted at
the time of installation to prevent bad electrical connection between
bars and with the grounding electrode conductor. The reinforcing
bars must be electrically connected to the anchor bolts either using
the steel tie wires or using the grounding electrode conductor. The
grounding electrode conductor must not be smaller than 4AWG cop-
per and must be electrically bonded to the bottom reinforcing bars
using listed/approved means that is suitable for concrete encasement.
Sufficient extra length of the conductor must be availabie to bring it
out of the foundation top and at least 18 in above the foundaticn top.
It should then be bonded to the tower as described in section 1.5 of
this document.

b) The Electrode must be least 20 ft (6.0 m) of bare copper conductor
not smaller than 4AWG. The copper conducter, which may be in the
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— External bond to tower

Intemal bonding
to tower bolts using
a\__.mﬁn_ or approved clamp

/

4AWG or %
larger copper

A wire \

I'd

\
i 3

2 inch min.

n el
.w at foundation
bottom
~ o~
. .
/llllf S & \ ~—

mh@cwﬂ .Mmu.:%\u&m Listed or approved clamp for

connecting Copper 1o steel.
mw_mﬂm._m.mw”m_ﬂ ctor Clamp is generally tin plated and
PP must prevent direct contact between
Cu and steel to prevent corrosion

Fig. 4 Concrete encased electrode.
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