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8.2

Power Distribution

Power to the heating cables can be provided in several

ways:

o Directly through the temperature controller

* Through external contactors activated by a temperature
controller

¢ Through a HTPG power distribution panel

RaySol heating cable circuits that do not exceed the cur-
rent rating of the selected control can be switched directly
(Figure 10). When the total electrical load exceeds the rat-
ing of the controller, an external contactor is required. For
group control, a single temperature controller may be used
to control two or more circuits. Multiple RaySol heating
cable circuits may be controlled by a single temperature
controller, through a contactor, as shown in Figure 10.
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Figure 10: Single circuit and group control



Control, Monitoring and Power
Distribution

Alarm relay
(optional)

Fuse holder

Terminals
(optional)

Alarm horn (optional)

=] =
ToT ToT ToT
Door
[ 2" disconnect
@ (optional)
Push button fol
light testing
2
COMMON ALARM
PUSH TO ACKNOWLEDGE Selector switch
© E
(\N)
POWER ON
N
HAND/OFF/AUTO E
2
Io] IoT Tol
oJ
Alarm option shown above
(o] =]
ToT IoT ToT
o o [§ . . .
Main circuit
breaker
Distribution
panelboard
i
[ =]
] .
TB 1 (=T = i
m Main
% e |  contactor
—
EEE
ol
Ground
bus bar
B2 —
0o, °] |
Iol Tol Tol
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Table 4: Power Distribution

Description
Power distribution and control panels
e Heat-tracing power distribution panel with
= . .
ground-fault and monitoring for group
q? control.

Three-pole, 100 A per pole, 600 V maximum

contactor housed in UL Listed, CSA Certified,

/ NEMA 4X enclosure with two 1-inch conduit
entries. When ordering, select coil voltage
(110-120, 208-240, 277 V).

Enclosure dimensions: 13-1/2 in x 9-1/5 in x
6-11/16 in (343 mm x 234 mm x 170 mm).

E104
Three-pole, 40 A per pole, 600 V maximum
/ contactor housed in UL Listed, CSA Certified
NEMA 4X enclosure with two 1-inch conduit
entries. When ordering, select coil voltage
(110-120, 208-240, 277 V).
E304 Enclosure dimensions: 9-1/2 in x 7-1/5 in x

6-11/16 in (241 mm x 183 mm x 170 mm).
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9.1

Tyco Thermal Controls requires a series of commissioning

tests be performed on the RaySol system. These tests are

also recommended at regular intervals for preventive main-
tenance. Results must be recorded and maintained for the

life of the system, utilizing the “Installation and Inspection

Record” (refer to Section 13). Submit this manual with ini-
tial commissioning test results to the owner.

Tests

A brief description of each test is found below. Detailed test
procedures are found in Section 10.

Visual Inspection Test

Visually inspect the floor, conduit, insulation, and connec-
tions to the heating cable for physical damage. Check that
no moisture is present, electrical connections are tight
and grounded, insulation is dry and sealed, and control
and monitoring systems are operational and properly set.
Damaged heating cable must be replaced.

Insulation Resistance Test

Insulation Resistance (IR) testing is used to verify the
integrity of the heating cable inner and outer jackets. IR
testing is analogous to pressure testing a pipe and detects
if a hole exists in the jacket.

Ground-Fault Test

Test all ground-fault breakers per manufacturer’s
instructions.

Circuit Length Verification (Capacitance Test)

The installed circuit length is verified through a capacitance
measurement of the RaySol heating cable. Compare the
calculated installed length against the system design. If
the calculated length is shorter than the system design,
confirm all connections are secure and the grounding braid
is continuous.



10

Test Procedures

10.1

System Tests

The following tests must be done after installing the con-
nection kits:

1. Visual inspection

2. Insulation resistance test

3. Circuit length verification (Capacitance test)

4. Power test

If the cables are directly embedded in mortar or concrete,
the heating cable must be continuously meggered during
the concrete pour.

ﬂ Important: Allow for setting-bed expansion. If
the floor tiles are constrained, they will crack or pop
loose when the heating cable is energized. Therefore,
be sure to allow a % in (1.3 ecm) gap between the
tile’s edge and all room walls.

Important: When installing RaySol in mortar or
concrete, the heating cable must be continuously
meggered during the concrete pour. The commission-
ing records shall contain the name and location of the
installation, data of commissioning, commissioning
person signature and must be retained by the end
customer and Tyco Thermal Controls.

Visual Inspection Test

e Check all power connections and splice kits for proper
installation, overheating, corrosion, moisture, or loose
connections.

* Check the electrical connections to ensure that ground
and bus wires are insulated over their full length.

* Check the controller for proper setpoint and operation.
Refer to its installation and operation manual for details.

Insulation Resistance Test
Frequency

Insulation resistance testing is required during the instal-
lation process and as part of regularly scheduled mainte-
nance, as follows:

* Upon receipt of heating cable

* Prior to installation

« After splice kits, terminations or end seals are installed

* Continuously during concrete pour (if directly embedding

cable)
’5‘
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o After concrete pour is complete (if directly embedding
cable)

* After any structural work or maintenance is performed on
concrete in application area

* As part of scheduled maintenance

Procedure

Insulation resistance testing (using a megohmmeter)
should be conducted at three voltages: 500, 1000, and
2500 Vdc. Potential problems may not be detected if test-
ing is done only at 500 and 1000 V. Measure the resistance
between the heating cable bus wires and the braid. Do not
allow test leads to touch junction box, which can cause
inaccurate readings.

Note: System tests and regular maintenance
procedures require that insulation resistance testing be
performed. Test directly from the controller or the junc-
tion box closest to the power connection.

Insulation Resistance Criteria

A clean, dry, properly installed circuit should measure
thousands of megohms, regardless of the heating cable
length or measuring voltage (500-2500 Vdc).

All insulation resistance values should be greater than
1000 megohms. If the reading is lower, consult Section 11,
Troubleshooting Guide.



10

Test Procedures

2500 Vdc
megohmmeter

Figure 13: Insulation resistance test

& WARNING: Shock Hazard. The heating cable can
store a large electrical charge after the insulation resis-
tance test is performed. To prevent personal injury from
electrical shock, fully discharge the cable prior to dis-
connecting the megohmmeter. The megohmmeter may
discharge automatically. However, it may be necessary
to short the cable leads. Contact your supervisor or the
instrument manufacturer to verify the safest practice.

Insulation Resistance Test Procedure

1. De-energize the circuit.

2. Disconnect the controller if installed.

3. Disconnect bus wires from terminal block.
4. Set test voltage at 0 Vdc.
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5. Connect the negative (-) lead to the heating cable
metallic braid.

6. Connect the positive (+) lead to both heating cable bus
wires.

7. Turn on the megohmmeter and set the voltage to 500
Vdc; apply the voltage for one minute. Meter needle
should stop moving. Rapid deflection indicates a short.
Record the insulation resistance value in the Inspection
Record.

8. Repeat Steps 4-7 at 1000 and 2500 Vdc.
9. Turn off the megohmmeter.

10. If the megohmmeter does not self-discharge, discharge
phase connection to ground with a suitable grounding
rod. Disconnect the megohmmeter.

11. Reconnect bus wires to terminal block.
12. Reconnect the controller.

Circuit Length Verification (Capacitance Test)

Connect the capacitance meter negative lead to both bus
wires and the positive lead to the braid wire. Set the meter
to the 200 nF range. Multiply this reading by the capaci-
tance factor for the correct heating cable shown below to
determine the total circuit length.

Length (ft or m) = Capacitance (nF) x Capacitance factor
(ft/nF or m/nF)

Table 5: Capacitance Factors

Capacitance factor
Heating cable ft/nF (m/nF)
RaySol 5.0 (1.6)

Compare the calculated circuit length to the design
drawings and circuit breaker sizing tables.

Figure 14: Capacitance test
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10.2

In Conduit

If physical damage is found, the complete circuit should be
removed and replaced with new RaySol heating cable. Do
not attempt to repair damaged heating cable.

Fault Location Tests

There are three methods used for finding a fault within a
section of heating cable.

1. Ratio method
2. Conductance method
3. Capacitance method

Ratio Method

The ratio method uses resistance measurements taken at
each end of the heating cable to approximate the location
of a bus wire short. A shorted heating cable could result in
a tripped circuit breaker. If the resistance can be read on a
standard ohm meter this method can also be used to find a
fault from a bus wire to the ground braid. This type of short
would trip a GFPD and show a failed insulation resistance
reading. Measure the bus-to-bus heating cable resistance
at each end (measurement A and measurement B) of the
suspected section.

Figure 15: Heating cable resistance measurement test

The approximate location of the fault, expressed as a per-
centage of the heating cable length from the front end, is:

Fault location: D = A x 100
(A+B)
Example: A= 1.2 ohms
B = 1.8 ohms

Fault location: D =
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To locate a low resistance ground fault, measure between
bus and braid.

Figure 16: Low resistance ground-fault test

The approximate location of the fault, expressed as a per-
centage of the heating cable length from the front end, is:

Fault location: D = A x 100
(A +B)
Example: A = 1.2 ohms
B = 1.8 ohms

Fault location: D 2/(1.2+1.8)x100

1
40%

The fault is located 40% into the circuit as measured from
the front end.

Conductance Method

The conductance method uses the core resistance of the
heating cable to approximate the location of a fault when
the heating cable has been severed and the bus wires have
not been shorted together. A severed heating cable may
not trip the circuit breaker. Measure the bus-to-bus heating
cable resistance at each end (measurement A and mea-
surement B) of the suspect section. Since self-regulating
heating cables are a parallel resistance, the ratio calcula-
tions must be made using the conductance of the heating
cable.

«

Figure 17: Heating cable resistance measurement
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The approximate location of the fault, expressed as a per-
centage of the heating cable length from the front end, is:

Fault location: D = 1/A x 100
(1/A + 1/B)
Example: A = 100 ohms
B = 25 o0hms

Fault location: D = (1/100) / (1/100 + 1/25) x 100

= 20%
The fault is located 20% from the front end of the circuit.

Capacitance Method

This method uses capacitance measurement (nF) as
described on page 31, to approximate the location of a
fault where the heating cable has been severed or a con-
nection kit has not been connected.

Record the capacitance reading from one end of the heat-
ing cable. The capacitance reading should be measured
between both bus wires twisted together (positive lead)
and the braid (negative lead). Multiply the measured capac-
itance with the heating cable’s capacitance factor as listed
in the following example:

Example: RaySol = 16.2 nF
Capacitance factor = 5.0 ft/nF
Fault location = 16.2 nF x 5.0 ft/nF = 81 ft (24.7 m)

The ratio of one capacitance value taken from one end

(A) divided by the sum of both A and B (A + B) and then
multiplied by 100 yields the distance from the first end,
expressed as a percentage of the total heating cable circuit
length. See Table 6, page 31, for capacitance factors.

Fault location: C = A x 100
(A +B)
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& WARNING: Fire Hazard. A ground-fault alarm may mean the
heating cable has been damaged or improperly installed and must
not be ignored. Sustained electrical arcing or fire can result. To
minimize the risk of fire if the alarm is triggered, shut off the power
and repair the system immediately.

Symptom Probable Causes

Circuit breaker trips Circuit breaker is undersized

Connections and/or splices are shorting
out.

Physical damage to heating cable is
causing a direct short.

Bus wires are shorted at the end.

Circuit lengths too long.

Nick or cut exists in heating cable or
power feed wire with moisture present
or moisture in connections.

GFPD is undersized (5 mA used instead
of 30 mA) or miswired.

Low or inconsistent Nicks or cuts in the heating cable.
insulation resistance
Short between the braid and heating
cable core.

Arcing due to damaged heating cable
insulation.

Moisture present in the connection kits.

Test leads touching the junction box.



& WARNING: Damaged heating cable or components can cause
electrical shock, arcing and fire. Do not attempt to repair or ener-
gize damaged cable. Remove damaged sections at once and replace
them with a new length using the appropriate RaySol splice kit.
Replace damaged components.

Corrective Action

Recheck the design for startup temperature and current loads. Do
not exceed the maximum circuit length for heating cable used.
Replace the circuit breaker if defective or improperly sized.

Visually inspect the connection kits. Replace if necessary.

Check for damage around the valves and any area where there may
have been maintenance work. Replace damaged sections of heating
cable.

Check the end seal to ensure that bus wires are not shorted. If a
dead short is found, the heating cable may have been permanently
damaged by excessive current and may need to be replaced.

Separate the circuit into multiple circuits that do not exceed maxi-
mum circuit lengths.

Replace the heating cable, as necessary. Dry out and reseal the
connection and splices. Using a megohmmeter, retest insulation
resistance.

Replace undersized GFPD with 30-mA GFPD. Check the GFPD wiring
instructions

If heating cable is not yet insulated, visually inspect the entire length
for damage.

Replace damaged heating cable sections.

If moisture is present, dry out the connections and retest. Be sure
all conduit entries are sealed, and that condensate in conduit cannot
enter power connection boxes. If heating cable core or bus wires
are exposed to large quantities of water, replace the heating cable.
(Drying the heating cable is not sufficient, as the power output of
the heating cable can be significantly reduced.)

’5‘

Clear the test leads from junction box and restart.
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Table A1 RaySol maximum circuit lengths (at 40°F start-up temperature)

Maximum circuit length in feet (m)

Circuit breaker

rating (A) 120V
Installed in conduit 15 180 (54.9)
20 240 (73.2)
30 240 (73.2)
40 240 (73.2)
Surface mounted 15 120 (36.6)
20 160 (48.8)
30 240 (73.2)
40 240 (73.2)
Embedded in concrete or mortar 15 80 (24.4)
20 105 (32.0)
30 160 (48.8)
40 170 (51.8)

Table A2 RaySol maximum current draw (at 40°F start-up temperature)

120V 208V
A/t A/m At A/m
Installed in conduit 0.067 0.219 0.039 0.128
Surface mounted 0.100 0.328 0.058 0.191
Embedded in concrete 0.152 0.500 0.086 0.284

or mortar



Cable operating voltage

208 V 240V 277V
305  (93.0) 335 (102.1) 375 (114.3)
410 (125.0) 450 (137.2) 500 (152.4)
410 (125.0) 450 (137.2) 500 (152.4)
410 (125.0) 450 (137.2) 500 (152.4)
205 (62.5) 210 (64.0) 215 (65.5)
275  (83.8) 285  (86.9) 290 (88.4)
410 (125.0) 425 (129.5) 430 (131.1)
410 (125.0) 425 (129.5) 430 (131.1)
135 (41.1) 140 (42.7) 145 (44.2)
185  (56.4) 185  (56.4) 195 (59.4)
275 (85.3) 280 (85.3) 200 (88.4)
280  (97.5) 320 (97.5) 360 (109.7)

240V 277V

A/it A/m A/it A/m
0.036 0.117 0.032 0.105
0.056 0.184 0.055 0.181
0.086 0.284 0.082 0.269



13 Installation and Inspection Records

Installation and Inspection Record: RaySol Floor Heating
and Freezer Frost Heave Prevention

Facility

Test Date:

Circuit number:

Heating cable type:

Installation method
(circle one):

Controllers:
Temperature setting:
Circuit length:
Commission
Inspection date:
Visual inspection
Confirm 30-mA ground-fault device (proper rating/function)*

Attached to the bottom of floor Embedded inr

Visual inspection inside connection boxes for overheating, corrosion,
moisture, and other problems.

Proper electrical connection, ground, and bus wires insulated over
full length

Damaged or missing thermal insulation; damaged, missing, cracked
lagging or weatherproofing.

Covered end seals, splices, and tees properly labeled on insulation.

Check controllers for moisture, corrosion, setpoint, switch operation.

Circuit labels attached and located in junction box.

Insulation resistance test
Bus to braid

Upon receipt of cable

After cable is laid out
After all terminations are made
Continuously measured during concrete pour (if directly embedding cable)
After concrete pour is complete (if directly embedding cable)
Circuit length verification (Capacitance factor = 5.0 ft/nF)

Capacitance test: Circuit length (ft) = Capacitance (nF) x Capacitance factor
(x 3.28 =m)

* or 5-mA ground-fault device where required by code

“
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Thermal Controls

Tyco, C910, 920, DigiTrace, HTPG, RTD-200, RTD10CS and RaySol are trade-
marks of Tyco Thermal Controls LLC or its affiliates.

Important: All information, including illustrations, is believed to be reliable.
Users, however, should independently evaluate the suitability of each product
for their particular application. Tyco Thermal Controls makes no warranties as
to the accuracy or completeness of the information, and disclaims any liabil-
ity regarding its use. Tyco Thermal Controls' only obligations are those in the
Tyco Thermal Controls Standard Terms and Conditions of Sale for this product,
and in no case will Tyco Thermal Controls or its distributors be liable for any
incidental, indirect, or consequential damages arising from the sale, resale, use,
or misuse of the product. Specifications are subject to change without notice. In
addition, Tyco Thermal Controls reserves the right to make changes—without
notification to Buyer—to processing or materials that do not affect compliance
with any applicable specification.
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