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1
TEMPORARY SUPPORT STRUCTURAL
SYSTEM FOR POWER LINES

CROSS REFERENCE OF RELATED
APPLICATIONS

This application is a U.S. National Phase application
under 35 U.S.C. § 371 of International Patent Application
No. PCT/IN2021/050927, filed on Sep. 21, 2021, which
claims the priority of Indian Patent Application number
202011040975, filed on Sep. 21, 2020, the disclosure of
which is incorporated herein by reference in its entirety.

FIELD OF INVENTION

The present invention relates to the field of civil engi-
neering more particularly a temporary support structural
system for power/transmission lines. It helps in creating a
bypass corridor by providing temporary support to the
transmission lines, until the permanent restoration of failed
transmission line towers so that the monetary as well as
service losses can be minimized.

BACKGROUND AND PRIOR ART OF THE
INVENTION

Electricity generated in power plants is transported to
distribution substations using high voltage transmission/
power lines. These transmission lines are designed to func-
tion for different terrains, climatic conditions and physical
environments and are always at risk to experience extreme/
fatal events, both climate related and manmade. Climate
related events include high winds, ice formation, storms,
earthquakes, floods, land-slides, erosion and or settlement of
foundations and so on. Power transmission interruption due
to natural calamities are very often; whereas, the interruption
caused by humans are limited. These include human error in
design, fabrication or erection of towers and transmission
lines, vehicular accidents, member thefts, vandalism, terror-
ism and maintenance issues.

The transmission line infrastructure is always at certain
level of damage risk causing interruption in power supply to
the critical infrastructure facilities, also concern to public
safety. Power utilities have to be prepared for theses emer-
gencies and hence, it is important to understand the reasons
of failures and have plan to attend the same immediately and
efficiently. Different kind of failures may occur in transmis-
sion line structures, such as tower and or its foundation
failure, conductor outages due to failure in splices, failure of
strands, ageing, snapping due to falling trees, insulator and
its hardware failure, etc.

In above situations it is necessary to restore the power
transmission as quickly as possible for the benefit of con-
sumers. The important concern is to minimize the economic
impact of the costs associated with the destruction and
rebuilding. The cost of rebuilding or restoring a failed
transmission line and total losses are dependent of restora-
tion time. Therefore, the emergency restoration plan is seen
as combination of technical or engineering processes and
financial planning. Reference may be made to Picciano
(1990), Aristizabal et al. (1993), Agrawal et al. (2000),
Pohlman (2000), Schweiner et al. (2003), Lindsey (2015),
Vadivel (2017) and Prasad et al. (2017) wherein an eco-
nomic justification has been given for the use of emergency
restoration of power lines using temporary solution. Further,
the need of extensive planning and training for effective
implementation in successful restoration of power is
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2

explained with the help of numerous examples. It is also
highlighted to adopt uniform design practices for temporary
restoration system and use of IEEE 1070 standard is rec-
ommended.

Based on the literature review, it is found that the research
towards the development of temporary support structural
system for emergency restoration of power lines is the
state-of-the-art. To this, there are different solutions avail-
able in market but either their design and construction/
fabrication is cumbersome or handling is difficult, reference
may be made to Lindsey (1988) and Zhao (2009) wherein
the modules of lightweight guyed masts are developed from
open cross section, i.e. angles or reference may be made to
Doinne (2018) wherein box modules fabricated using plates
with large slotted holes. The drawbacks of both the systems
are, they are susceptible to local buckling and angles are
additionally susceptible to torsional buckling modes. Hence,
the design weights will increase compared to normal to
overcome these mode of failures. There are some more
systems available in market, the reference may be made to
Xu (2016) wherein emergency repair poles used for lower
voltage lines up to 110 kV or reference may be made to De
Abreu (2016) wherein guyed mast solution is provided to
support transmission lines. The drawback of these solutions
are, that they are not used as temporary support system.
Almost in all the systems mentioned above separate box
sections are required for connections which increases addi-
tional inventory and the gimbal joint is made with spherical
ball assembly or shafts with special casting, thus requires
precision machining or complicated forged components.
Moreover, whole assembly of the gimbal joint needs to be
handled at site which is difficult as it is bulky and heavy.

In addition, the available systems design and construc-
tion/fabrication is cumbersome, handling is difficult at site
and their cost is very high. In view of the above, a cost
effective scalable temporary support structural system for
power lines with improved, safe and stable light weight
design, easy to fabricate and install at site is the need of the
hour.

i. PATENT CITATION

1.U.S. Pat. No. 4,769,959A, 13/09/1988, K. E. Lindsey—
Temporary power line tower assembly and method of
installing same

2.U.S. Pat. No. 9,416,555B2, 16/08/2016, P. E. De Abreu
and P. E. De Abreu Jr. —Structure for supporting
electric power transmission lines

3. USD8312328S, 16/10/2018, A. Dionne and M. Leger—
Modular tower segment

4. CN201372599Y, 30/12/2009, Zhao Mingxing and Wei
Haiou—Fast first-aid repair system for transmission
line

5. CN103967314A, 07/06/2016, Xu Xuefeng et al.—10
kv-110 kv emergency repair pole
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pp. 11-17.
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facturing Co., pp. 1-15.

7. Vadivel, K. K., (2017), “Emergency Restoration of
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Engineering Journal, Vol. 11, (Suppl-2, M6), pp. 778-
785.
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ture,” 2017 14th IEEE India Council International
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W

OBIECTS OF THE INVENTION

—_

. The main object of the present invention is to provide
temporary support structural system for power lines
which obviates the drawbacks of the hitherto known
prior art as detailed above.

2. Another object of the present invention is to design and
fabricate lightweight robust modules with square hol-
low (closed) sections made of structural grade alumi-
num alloy for above system which will confirms the
qualification criteria as per IEEE 1070 standard.

3. Still another object of the present invention is to design
and fabricate easy to connect connections and easy to
construct foundation system for the above mentioned
system.

4. Yet another object of the present invention is to use the
two pin gimbal joint as structural hinge to the guyed
mast of above system which will be made of light
weight material, easy to handle and easy to assemble or
dismantle at site.

5. Further another object of the present invention is to

design scalable system to support various voltage class;

power lines from 33 to 800 kV.

SUMMARY OF THE INVENTION

An easy to use and plan, temporary support structural
system has been developed to support the power/transmis-
sion lines during the permanent restoration of failed trans-
mission line tower(s). While developing the present system
number of inventive features has been added to it which
makes the system more efficient, cost effective and novel
compared to other solutions available in market. In this
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4

system the modules of guyed mast are designed with closed
sections (square hollow sections) made of structural grade
aluminum alloy which makes it lightweight, robust and
improves overall structural stability. Further an easy to
connect connection system and easy to construct foundation
system has been developed which reduces the installation
time of guyed mast at site. The use of unique two-pin gimbal
joint provides hinge support between guyed mast bottom
panel and foundation system, this helps in eliminating
torsional forces on the mast due to unbalanced lateral loads.
Experimental investigations were carried out as per IEEE
1070-2006(R2012) standard at various stages at component
level on main parts and accessories and their assemblies at
sub-structure level and on prototype as per IS: 802 (Part
1I)—1978 (Reaffirmed 2003) and IEC 60652: 2002 for the
design loads calculated as per IS 802 (Part 1/Sec 1): 2015 for
a system equivalent to 220 kV single circuit transmission
line tower to ascertain the structural responses for their
comparison with the design standards values. The design,
development and experimental works has been completed.
This is a scalable system, which provides support to various
voltage class power lines from 33 to 800 kV.

Performance evaluation of demo temporary support struc-
tural system for power line having a typical configuration
(double circuit) with a typical voltage class (400 kV) sus-
pension type tower confirming to IS 802 (Part 1/Sec 1): 2015
and CBIP Manual on Transmission Lines Publication No.
323. July 2014 has been observed over three years’ period
under practical conditions.

BRIEF DESCRIPTION OF THE FIGURES

The present invention is illustrated in FIG. 1 to 10 of the
drawings accompanying this specification. In the drawings
like reference numbers/letters indicate corresponding parts
in the various figures.

FIG. 1 represents the elevation view of a typical tempo-
rary support structural system to power line indicating all the
main components/parts of the system.

FIG. 2 represents the plan view of a typical temporary
support structural system to power line indicating all the
main components/parts of the system.

FIGS. 3 (a, b, ¢ and d) represent the elevation, and side
view, view on P (shown in FIGS. 3(a) and 3(b)) and view on
section A-A (shown in FIGS. 3(a) and 3(b)) respectively of
the assembly of bottom part including robust panel, bottom
panel, gimbal joint and foundation plate of a typical tem-
porary support structural system for power line indicating
the main components of the system and individual parts of
each component.

FIG. 4 represents the easy to connect connections for
modules and guy wires, this will reduce number of addi-
tional components used in connections and thus the inven-
tory carrying cost at site will be reduced.

FIGS. 5 (a, b, ¢, d and e) represent the easy to construct
foundation system for the guyed mast (FIG. 5(a) Plan View,
FIG. 5(b) Elevation and FIG. 5(c) Side View) and guy wire
anchors (FIG. 5(d) Cross-Section View and FIG. 5(¢) Plan
View) respectively. Use of these foundation systems will
reduce overall installation time of temporary support struc-
tural system at site.

FIG. 6 represents the unique two pin gimbal joint used as
hinge in between the guyed mast bottom panel and mast
foundation system.

FIGS. 7 (a, b, ¢, d, e and f) represent respectively the
schematic diagrams of test qualification criteria for robust
modules/panels as per IEEE 1070 standard (FIG. 7(a) Com-
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pressive load test, FIG. 7(b) Cantilever load test, FIG. 7(c)
Torsion load test, FIG. 7(d) Compressive and cantilever load
test, FIG. 7(e) Ultimate strength bending-bolts and welds
and FIG. 7(f) Column buckling test).

FIGS. 8 (a, b and ¢) represent the schematic diagrams of
test qualification criteria for the temporary support structural
systems accessories (i, iii and v) as per IEEE 1070 standard.

FIGS. 9 (a and b) represent the test set-up for the
prototype test of a temporary support structural system
equivalent to a typical 220 kV single circuit power/trans-
mission line tower (a) and the plot of the deflection/dis-
placements measured during the application of critical test
load case at various guy wire levels and tower/guyed mast
top in transverse as well as in longitudinal direction.

FIGS. 10 (a and b) represent the strain variation in leg (a)
and bracing (b) members of first panel after the bottom
conical panel of guyed mast with respect to the percentage
of applied test load during the prototype test of a temporary
support structural system equivalent to a typical 220 kV
single circuit power/transmission line tower.

STATEMENT OF THE INVENTION

Accordingly, the present invention provides temporary
support structural system for power lines which comprises
a. modular guyed mast (1) supporting ground wire (2) and
plurality of conductors (3) through the plurality of
insulated cross arms/insulator strings (4);

b. the guyed mast (1) is formed using plurality of various
length lightweight modules (6) supported over the
lightweight bottom conical panel (7) by connecting end
to end in vertical direction through panel end plates
(13) part of easy to connect efficient connection system;

c. the lightweight unique two pin gimbal joint (8) is used
as structural hinge between the bottom conical panel
(7) and easy to construct mast foundation plate (9) of
guyed mast;

d. the guyed mast (1) is supported at regular intervals in
vertical direction by means of guy wires (5) made of
steel wire ropes, one end of the guy wires is connected
to the module end plates (13) using bulldog clamps
whereas the other end with thimble is connected to easy
to construct anchor foundation system (10).

In an embodiment of the present invention a temporary
support structural system for power lines is developed which
obviates the drawbacks of the hitherto known prior art.

In another embodiment of the present invention the design
is carried out for the fabrication of lightweight robust
modules with square hollow (closed) sections made of
structural grade aluminum alloy for above system which
confirmed the qualification criteria as per IEEE 1070 stan-
dard.

In yet another embodiment of the present invention the
design and fabrication of easy to connect connections and
easy to construct foundation system is carried out for the
above mentioned system.

In still another embodiment of the present invention, use
of two pin gimbal joint as structural hinge to the guyed mast
of above system which will be made of light weight mate-
rial, easy to handle and easy to assemble or dismantle at site
is demonstrated.

In further another embodiment of the present invention
the scalable system is designed to support the various
voltage class: power lines from 33 to 800 kV.

DETAILED DESCRIPTION OF THE
INVENTION

Details of the present invention are shown in FIGS. 1 to
6. The proposed temporary support structural system in the
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6

form of modular guyed mast (1) is used to support the
ground wire (2) and plurality of conductors (3). The con-
ductors are supported through the plurality of insulated cross
arms/insulator strings (4). The guyed mast is formed using
plurality of various length lightweight modules (6) made of
structural grade aluminum alloy and connecting end to end
in vertical direction over the lightweight bottom conical
panel (7). The guyed mast is supported at regular intervals
in vertical direction by means of guy wires (5) made of steel
wire ropes. The other end of guy wire is connected to easy
to construct anchor foundation system (10).

The lightweight unique two pin gimbal joint (8) made of
structural grade aluminum alloy is used as structural hinge
between the easy to construct mast foundation plate (9) and
bottom conical panel (7) of guyed mast.

The leg (11) and bracing (12) members of robust light-
weight panels (6) and lightweight bottom conical panel (7)
are designed and fabricated using closed (square hollow)
sections made of structural grade aluminum alloy. The
lightweight end plate of the panels (13) are strengthened
with the strengthening plates (14) designed and fabricated
from structural grade aluminum alloy to facilitate the end to
end connection of panels and direct connection of guy wires
(5) and any one arm of insulated cross arms (4). Further
plurality of stiffener plates (15) to increase the panel end
stiffness against the lateral loads causing bending of indi-
vidual panel. The insulator plate (16) strengthened with
additional plates (17 and 18) are provided at regular inter-
vals in panel. The insulator plate (16) are provided to
facilitate the direct connection of insulated cross arm (4)
with panels (6) of guyed mast (1). The assembly of panels
(6) and bottom conical panel (7) are supported over the
unique two pin gimbal joint (8), this joint (8) is placed over
the box (19) provided above the foundation plate (9).

The easy to construct guy wire anchor foundation system
(10) consists of an anchor rod (20) connected at bottom end
with cross plates (21)., which increases its uplift force
resistance capacity and top end with coupler (22) welded
with gusset plates (23) to facilitate the connection guy wire
(5) through turn buckle and pin.

The above explained components form the present inven-
tion which is light weight as all the components and acces-
sories are made of structural grade aluminum alloy except
the hardwares and fixtures. It is easy to use and plan,
compact yet economical, easy to transport and handle at site
due to lightweight, easy to assemble and dismantle, scalable
cost effective system to support power lines during the
failure of transmission line towers.

Although the invention has been described in detail
herein, it should be understood that the invention is not
limited to the embodiments herein disclosed. Various
changes, substitutions and modifications can be made
thereto by those skilled in the art without departing from the
spirit or scope of the invention as described and defined by
the appended claims.

EXAMPLES

The following examples given by way of illustration of
the working of the invention in actual practice and should
not be construed to limit the scope of the present invention
in any way.

Example-1

Based on the typical configuration of temporary support
structural system numerical results and analytical equations
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are derived to design its components and accessories. These
components and accessories are designed for the various
probable failure modes occur in an actual system under the
combinations of loads applied/occur on the system during its
service life. FIGS. 7 (a to f) show the schematic of six
number of tests suggested in IEEE 1070 standard for 6.4 m
(21 ft) long panel, covering all its possible failure modes.
The experiment compression of the columns indicated in
FIG. 7 (a) is conducted by placing the 6.4 m (21 ft) long
panel on rollers supported on levelled floor. To avoid stress
concentration on end plates due to the test load application,
thick steel plates are attached to the end plates. An anchor
rod is passed through the centre hole provided in end plates,
whose one end is locked with lock nut and a stressing jack
is provided on the other end for test load application.
Throughout the test the panel axial deformation and strains
for various members are measured/monitored. For the tests
indicated in FIGS. 7 () to (e) for bending of columns (b),
torsion strength (c), combined bending and compression test
(d) and ultimate strength bolts/welds on 6.4 m long panel (e),
special test setup is designed and fabricated for conducting
these tests. Test loads are applied using servo controlled
hydraulic actuators in close loop circuit and the test loads are
monitored using different load cells of 10 kN, 50 kN and 500
kN capacity. The structural responses e.g. panel end dis-
placement in axial compression and bending direction are
measured using total station theodolite and LVDT sensors
and strain gauges are applied to various members in panel
for measuring the strains during testing. The column buck-
ling test indicated in FIG. 7 (f) is conducted by end to end
connection of six numbers of 6.4 m long panels, the test
setup, load application and response measurement procedure
is same as compression of columns (a) test. The designed
panels have passed all the tests suggested as above and the
residual displacement were well within the values limits as
suggested in IEEE standard which is in most cases to the
tune of fraction of mm or degree.

The tests on different accessories of temporary support
structural system as suggested in IEEE 1070 standard are
shown in FIGS. 8 (g, b and ¢) e.g. the guy plate load test (a)
for panel end plate, tension load test (b) on guy wire anchor
rod and end coupler and bolt and nut ultimate strength test
(c) are carried out. All the accessories withstand to the test
loads successfully.

Example-2

Prototype test was conducted on present invention i.e.
temporary support structural system for an equivalent to 220
kV single circuit suspension type transmission line tower.
The guyed mast for equivalent system was erected on test
pad and rigging was carried out using steel wire ropes for the
application of test loads at various load points, At the tower
end of load points, load cells were employed to monitor the
test loads. The other ends of wire ropes were connected to
hydraulic actuators for load applications. The loads cells
were calibrated with the standard proving rings and real time
digital control system. Further the real time digital control
system is connected with the load cells and hydraulic
actuators in servo control close loop circuit. The equivalent
guyed mast of present invention was tested as per IS: 802
(Part TIT)—1978 (Reaffirmed 2003) and IEC 60652:2002
guidelines for the test loads derived from IS 802 (Part 1/Sec
1): 2015 for 220 kV voltage class. To maintain the initial
stability and verticality of guyed mast the guy wire preten-
sions kept 5% of the breaking load of respective guy wire.
The guy wire tensions were monitored throughout the test
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using load cells at anchor end and found to be in limits. FIG.
9 (a) shows the test setup and deformed shape of tower at
100% test loads. FIG. 9 (b) provides the plot of guyed mast
deflection with respect to percentage of test load for guy
wire locations at various levels and for tower top in trans-
verse and longitudinal directions. The mast deflections are as
expected mostly linear throughout the test. FIG. 10 (@) gives
the strain variation with respective percentage of test load
for leg members of first panel after bottom conical panel.
Throughout the test all the leg members were in compres-
sion expect one leg was in small tension in initial stages of
test, this is due to the guy wire pretension. FIG. 10 (b)
provides the strain variation with respective percentage of
test load for bracing members in lateral load application
direction of first panel after bottom conical panel. The strain
values were almost linear and as expected, one bracing was
in compression whereas the other one was in tension. All the
measured stresses in different members of test structure were
well within the limit of elastic range. This is the main
requirement of scalable and repeat use structure.

The results of experimental investigations indicated in
above examples proved that all the envisaged objectives
related to the invention are successfully achieved.

Advantages of the Present Invention

The main advantages of the present invention are:

1. It is an easy to plan and use system.

2. Compact and economically affordable system.

3. Usage of Lightweight materials makes it easy to
transport at remote locations of power line tower failure
sites.

4. Simple to fabricate, requires less hardware’s with the
innovative easy to connect connection and easy to
construct foundations system.

5. This modular system is easy to assemble and flexible
enough to develop various configurations for different
voltage class transmission lines (33 to 800 kV).

. It’s a cost effective solution to its closest prior arts.

7. The prefabricated modules/panels for guyed mast
designed with closed (square hollow) sections made of
structural grade aluminum alloy makes it lightweight,
robust and structurally more stable.

8. All the components and accessories of present inven-
tion are analyzed and designed using finite element
software’s and proof tested for the qualification criteria
as per the IEEE 1070 standard,

9. A prototype of temporary support structural system
equivalent to 220 kV single circuit transmission line
tower is tested for the design loads calculated as per IS
802 (Part 1/Sec 1): 2015 and the test carried out as per
IS: 802 (Part III)—1978 (Reaffirmed 2003) and IEC
60652:2002 standards.

10. The structural performance of this system is moni-
tored for long term (more than 3 years) using a demo
structure simulating temporary support structural sys-
tem equivalent to 400 kV double circuit transmission
line suspension type tower confirming to IS 802 (Part
1/Sec 1): 2015 and CBIP Manual on Transmission
Lines Publication No. 323. July 2014.

We claim:

1. A temporary support structural system for power lines

comprising:

a plurality of modules including a first module and a
second module, each module comprising legs, braces,
and an end plate;

a plurality of insulated cross arms;
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a first insulator plate between the end plate of the first
module of the plurality of modules and the end plate of
the second module of the plurality of modules, wherein
the first insulator plate is configured to connect to a first
insulated cross arm of the plurality of cross arms;

one or more guy wires comprising steel wire ropes;

a ground wire on an uppermost of the plurality of mod-
ules;

a plurality of conductors supported by the plurality of
insulated cross arms;

a bottom conical panel;

a two pin gimbal joint;

an anchor foundation system comprising anchor rods; and

a mast foundation plate,

the plurality of modules being stacked on and supported
by the bottom conical panel and being connected end to
end in a vertical direction through the end plates,

wherein the end plate of the first module of the plurality
of' modules is nearer to the bottom conical panel than is
the end plate of the second module of the plurality of
modules,

wherein the two pin gimbal joint is used as a structural
hinge between the bottom conical panel and the mast
foundation plate,

wherein the plurality of modules is supported at intervals
in the vertical direction by the one or more guy wires,
a first end of each of the one or more guy wires being
connected to the respective end plate using bulldog
clamps, a second end of each of the one or more guy
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wires being connected with a thimble to a respective
one of the anchor rods of the anchor foundation system,
and

wherein the mast foundation plate is directly placed on

compacted soil.

2. The temporary support structural system as claimed in
claim 1, wherein the plurality of modules and the bottom
conical panel comprise square hollow sections and plates of
a structural grade aluminum alloy material.

3. The temporary support structural system as claimed in
claim 1, wherein the legs and braces of each of the plurality
of modules and wherein the bottom conical panel comprises
legs and braces, and wherein all the legs and braces com-
prise square hollow sections.

4. The temporary support structural system as claimed in
claim 1, wherein each end plate of the plurality of modules
is configured to facilitate the end to end connection of each
of'the modules in the vertical direction as well as configured
to permit a direct connection of any of the one or more guy
wires with each end plate and any insulated cross arm of the
plurality of insulated cross arms with the end plate.

5. The temporary support structural system as claimed in
claim 1, further comprising a second insulator plate pro-
vided at an interval apart from the first insulator plate in a
vertical direction and in between any of the end plates,
wherein the second insulator plate is configured to connect
to at least a second insulated cross arm of the plurality of
insulated cross arms.
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