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CHAPTER | 1-1

Chapter 1 Mechanical

11 INSTALLATION REPORT
1.1.1 Description of New Pumps

In june 2010, original GrundFos Pumps 7.5HP have been replace by New GrundFos
Pump 15HP Model 230S150-4, 208V 3PH.

Here are some number following first pump start up :

Typical flow no filter in line with 7.5 HP pumps :
o 250 gal/min.
Typical flow no filter in line with new }5 HP pumps:
o 325 gal/min
Typical flow with new filter in line with new 15 HP pumps:
o 260 gal/min
Typical flow with new filter in line after 5 truck fill with new 15 HP pumps:
o 200 gal/min

1.1.2 Description of Soft Start

New soft start installed on each pump is performing great and should give great
protection for pump.

® rotation protection

e voltage unbalance and/or lost of phase

e Precise over load curve

e load unbalance protection

s soft ramp to full speed

¢ Mamtenance free (no mechanical contact)
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6-INCH, 8-INCH & 10-INCH SUBMERSIBLES

SECTION 4

Performance Curves and Technical Data
6-Inch, 8-inch & 10-Inch Submersible Pumps
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PERFORMANCE CURVES 230 GPM MODEL 2305

FLOW RANGE: 160 -320 GPM OUTLET SIZE: 3" NPT NOMINAL DIA. 6"
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SPECIFICATIONS SUBJECT TC CHANGE WITHOUT NOTICE

Perfermance conforms to 1SO 8906 1299 {E) Annex A

4" MOTOR STANDARD, 7 5 HP/3450 RPM Minimum submergance is 8 feet
6" MOTOR STANDARD, 10-60 HR/3450 RPWM

8" MCTOR STANDARD, 75 HP/3525 RPM

* Alternate motor sizes available
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TECHNICAL DATA

230 GPM

MODEL 2308

DIMENSIONS AND WEIGHTS

NOTES: All models suilable for use in 6" wells, uniess equipped with 8" motar.
Weights include pump end with motorin Ibs.

* Alternate molor sizes available,

** Built into sleeve, 4" NPT, 8" motor required.

o

GRUMIZPFOS £\

4-10

MOTOR | DISCH. DI ENSIONS IN INGHES APPROX. -
MODEL NO, FiG | HP SIZE SIZE A B c o E SHIP WT, miE
230820-18 A1 2 4 NPT 237 151 14.8 38 57 44 1h
2308 30-1A A 3 4" 3"NPY | 382 236 146 38 57 55 -
230850-1 A 5 4" NPT ! 442 296 14.6 38 57 65 -
230850-2A8 A 5 4 INPT | 485 204 18.3 38 57 71 o
2308752 A 75 4" L3'NPT ! 485 296 189 18 57 28 -
230875-2 A 75 6" FNPT | 430 242 189 54 57 124 i
230575-3B8 A 75 4 F'NPT | 535 26 239 38 5.7 96 v
230875-3BB A 75 g INPT | 481 242 23.9 54 57 96
2305 100-3 A 19 4 3"NPT_ . 678 439 239 38 57 148 '
2308100:3. AL 10 8 NPT | 493 | 239 | 54 ! 57 140
230$100-4BC A 10 4" ¥NPT | 723 34 284 38 . 57 147 ;
2305 100-4BC A 10 6 I'NPT i 538 254 284 5.4 57 147 Lo
2303150-4 A 15 6" 3"NPT | 564 260 284 54 57 161 i
230815058 1A 15 g" INPT | 608 280 328 54 57 165 i
2305206-5 A 20 6" ¥'NPT | 834 3068 328 54 57 167 :
2308 200-6 A 20 8" FNPT | 678 308 ar3 54 57 186 ;
2308200-7C A 20 a" FNPY | 678 30.6 73 54 57 202
23052507 A 25 6" 33NPT | 749 33.1 417_1 54 5.7 202
2305 250-88 A .25 & INPT ;793 331 48.2 54 57 209
2305250-8 A 25 6" NPT {793 331 462 54 57 209
2305250-9E8 A 25 & 3'NPT | 838 33.1 50.6 54 5.7 228
2308300-9 LA R 6" NPT | 863 3B7 50.6 54 57 228
2305400-10 A 40 6" FNPT | 958 | 4081 | 551 54 57 234
2305400-117 A 40 6" 3"NPT | 1003 { 4081 | 595 54 57 273
2305400-12° A 40 6" 3"NPT | 1048 | 4081 ! 640 54 57 279
230$400-13 A 40 g NPT § 1092 | 4081 | 684 54 57 284
2305500- 141 A 50 6" FNPY | 1307 | 57.83 ! 729 54 57 368
2303500-15* A 50 6" INPY P 1382 | 57.83 | 773 54 5.7 393
2305 500-16* A 50 6" 3"NPT | 1396 | 5783 | 818 54 57 398
2305600-17 A 60 g NPT | 1512 | 6383 | 874 54 57 438 i
2305600. 18" A &0 8" 3"NPT | 1556 | 6383 ! 918 54 57 445 [
2305600-19* A 60 g F'NPT | 1601 | 6383 ! 963 54 57 449 ' !
2305600-17 A 60 8" FNPT | 1792 | 4179 | 874 75 76 544 AC
2308600- 18 A 60 8" FNPT | 1336 ) 4179 | o1® 7% 7.6 551
2305600-19 A 60 g 3"NPT | 1380 | 4179 | 963 75 78 555 E | E_""“c}g'
2308750-20* B 75 g 4"M-NPT ! 1547 | 4741 | 1073 75 78 X S S L3 1
230§750-22** B 75 8" $'M-NPT| 1636 | 47.41 | 1162 75 7.6 661 e
fe I3
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Grundfos Stainless Steel Submersible
Pumps

Your Grundfos Submersible Pump is of the utmost quality. Combined with proper
instaltation, your Grundfos pump will give you many years of reliable service.

To ensure the proper Installation of the pump, carefully read the complete manual
before attempting to Instalf the pump.

Shipment Inspection

Examine the components carefully to make sure no damage has occurred to the
pump-end, motor, cable or control box during shipment.

This Grundfos Submersible Pump should remain in its shipping carton untll it |s ready to be
instalied. The carton is speclally designed to protect it from damage. During unpacking and
prior to Instalfation, make sure that the pump Is not dropped or mishandied.

The motor is equipped with an electrical cable. Under no circumstance should the cable be
used to support the weight of the pump.

You will ind a foose data plate with an adhesive backing with the pump. The nameplate
should be completed In pen and attached to the control box.

Before beginning Instaliation, the following checks should be made. They are all
critical for the proper Installation of this submersible pump.

A. Condition of the Well

it the pump Is to be Instailed in a new well, the welf should be fully developed and balfed or
blown fres of cuttings and sand. The stainless steel construction of the Grundfos submersible
make it resistant to abrasion; hawever, no pump, made of any material, can forever withstand
the destructive wear that occurs when constantly pumplng sandy water.

If this pump Is used to replace an oil-filled submersible or oilHubricated fine-shaft turbine In an
existing well, the well must be blown or balled clear of oll.

Determine the maximum depth of the well, and the draw-down level at the pump's maximum
capaclty. Pump selection and setting depth should be based on this data.

The Inside diameter of the well casing should be checked to ensure that it Is not smaller than
the size of the pump and motar.
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B. Condition of the Water

Submersible pumps are designed for pumping clear and cold water that is free of air and
gases. Decreased pump performance and [Ife expectancy can occur if the water is not cold
and clear or contains air and gasses.

Maximum water temperature should not exceed 102°F. Special consideration must be given
to the pump and mator if It s to be used to pump water above 102°F.

The Grundfos stainless steel submersible is highly resistant to the normal corrosive
environment found in some water wells, If water well tests determine the water has an
excesslve or unusual corrosive quality, or exceeds 102°F, contact your Grundfos
representative for information conceming specially designed pumps for these applications.

C. Installation Depth

A check should be made to ensure that the installation depth of the pump will always be at
least (5) five to (10} ten feet below the maximum draw-down level of the well. For flow rates
exceeding 100 gpm, refer to performance curves for recommended minimum
submergence.

The bottom of the motor should never be installed lower than the top of the well screen or
within five feet of the well bottom.

If the pump is to be Installed in a lake, pond, tank cr large diameter well, the water velocity
passing over the motor must be sufficient to ensure proper motor cooling. The minlmum
recommended water flow rates which ensure proper cooling are lsted in Table A.

D. Electrical Supply

The maotor voltage, phase and frequency indlcated on the motor nameplate should be
checked against the actual electrical supply.

The wire cable used between the pump and control box or panel should be approved for
submersible pump applications. The conductor may be solld or stranded. The cable may
consist of individually insulated conductors twisted together, Insulated conductors molded
slde by side In one flat cable or insulated conductors with a round overall jacket.

The conductor Insulation should be type RW, RUW, TW, TWU or equivalent and must be
suitable for use with submersible pumps. An equivalent Canadian Standards Association
certified wire may also be used. See Table D for recommended sizes of cable lengths.
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A good cabie splice is critical to
proper operation of the submersibie
pump and must be done with extreme
care.

If the splice is carefully made, it will work
as well as any other portion of the cable,
and will be completely watertight.

Grundfos recommends using a heat
shrink splice kit. The splice should be
made In accordance with the kit
manufacture's instructions. Typically a
heat shrink splice can be made as
follows:

1. Examine the motor cable and the drop
cable carefully for damage.

2. Cut the motor leads off In a staggered
manner, Cut the ends of the drop cable
s0 that the ends match up with the motor
leads (See Figure 4-A). On single-phase
motors, be sure to match the colors.

3. Strip back and trim off 112 inch of
insulation from each lead, making sure to
scrape the wire bare to obtain a good
connection. Be careful not to damage the
copper canductor when stripping off the
insulation.

4. Slide the heat shrink tubing on to each
lead. Insert a propery sized “Sta-kon”
type connector on each lead, making sure
that lead colors are matched. Using a
*Sta-kon” crimpling pliers, indent the lugs
{Flgure 4-B). Be sure to squeeze hard on
the pliers, particulary when uslng large
cable.

5. Center the heat shrink tubing over the
connector. Using a propane torch, lighter,
or elactric heat gun, unlformly heat the
tubing starting first in the center working
towards the ends (Figure 4-C).

6. Continue to apply the heat to the tubing
using care not to let the flame directly
contact the tublng. When the tubing
shrinks ang the sealant flows from the
ends of the tublng, the splice Is complete
(Flgure 4-D}.
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The riser pipe or hose should be properly sized and selected based on estimated

flow rates and frictfon-ioss factors.

If An Adapter Needs
To Be Installed:

It is recommended to first install the drop
pipe to the pipe adapter. Then install the
drop pipe with the adapter to the pump
discharge,

6- Drop Pipe

Pipe Adapters

A back-up wrench should be used when lhe
riser plpe Is attached to the pump. The pump
should be gripped only by the flats on the top
of the discharge chamber. The body of the
pump, cable guard or motor should not be
gripped under any circumstance.

If Steel Riser Pipe Is
Used:

We recommend that steel riser plpes always
be used with the larger submersibles. An
approved pipe thread compound should be
used on all joints. Make sure the jolnts are
adequately tlghtened in order to resist the
tendency of the motor to loosen the joins when stopping and starting.

When tlghtened, the first section of the riser plpe must not come In contact wlth
the check valve retalner In the dlscharge chamber of the pumgp.

After the first section of the riser pipe has been attached to the pump, the lifting cable or
elevator should be clamped to the pipe. Do not clamp the pump. When raising the pump
and riser section, be careful not to place bending stress on the pump by picking it up by the
pump-end only.

Maks sure that the electrical cables are not cut or damaged In any way when the
pump Is belng lowered In the well.

The drop cable should be secured to the riser plps at frequent Intervals to prevent sagging,
looping or possible cable damage. Nylon cable cllps or wateproof tape may be used. The
cable splice should be protected by securing it with clips or tape just abcve and below the
splice.

If Plastic or Flexible Riser Pipe Is Used:

It is recommended that plastic type riser pipe be used only with the smaller domestic
submersibles. The plpe manufacturer or representative should be contacted to insure the
pipe type and physical characteristics are suitable for this use. Use the correct joint
compound recommended by the plpe manufacturer. In addition to making sure that joints
are sscurely fastened, the use of a torgue amester is recommended when using plastic
pipe.
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Do not connect the first plastle or flexible riser section directly to the pump. Always
attached a metallic nipple or adapter into the discharge chamber of the pump. When
tightened, the threaded end of the nipple or adapter must not come in contact with the
check valve retainer in the discharge chamber of the pump.

The drop cable should be secured to the riser pipe at frequent intervals to prevent sagging,
looplng and possible cable damage. Nylon cable clips or waterproof tape may be used. The
cable splice should be protected by securing it with clips or tape just above each joint.

IMPORTANT - Piastic and flexibie pipe tend to stretch under load. This stretching
must be taken into account when securing the cable to the riser pipe. Leave 3 to 4
Inches of slack between clips or teped points to aliow for this stretching. This
tendency for plestic and flexible pipe to stretch wili aiso affect the calculation of the
pump setting depth. As a general rule, you can estimate that piastic pipe wlil stretch
to approximately 2% of its iength. For exampie, if you Installed 200 feet of plastic riser
pipe, the pump may actualiy be down 204 feet. If the depth setting is critical, check
with the manufacturer of the plpe to determine who to compensate for pipe stretch.

When piastic riser pipe is used, It Is recommended that a safety cabie be attached to the
pump to lower and raise it.

Check valves:
A check valve should always be installed at the surface of the well. in addltion, for
Instaliations deeper than 200 feet, check vaives should be installed at no more then 200

foot intervais.

Protect the well from contamination:

To protect against surface water entering the well and contaminating the water source, the
well should be finished off above grade, and a locally approved well seal or pitless adapter
unit utilized.

WARNING: To reduce the risk of electrical shock during operation of this pump
requires the provislon of acceptable grounding. If the meens of connection to
the supply connected box Is other than grounded metal conduit, ground the
pump back to the service by connecting a copper conductor, at least the size of
the circuit supplying the pump, to the grounding screw provided within the
wirlng compartment.

All electrical work should be performed by a quailfled electrician In accordance
with the latest editfon of the Natlonal Electrical Code, local codes and regulations.

Verlfication of the electricai supply should be made to ensure the voltage, phase and
frequency match that of the motor. Motor voitage, phase, fraquency and full-load current
information can be found on the nameplate attached to the motor. Motor eilectrical data can
be found in Table E.

If voltage variations are iarger than x 10%, do not operate the pump.
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Direct on-line starting is used due to the extremely fast run-up time of the motor (0.1
second maximum), and the low moment of inertia of the pump and motor. Direct on-line
starting current (Jocked rotor amp) Is between 4 and 6.5 times the full-load current. If direct
on-ine starting is not acceptable and reduced starting current Is required, an auto-
transformer or resistant starters should be used for 5 to 30 HP motors {depending on
cable length). For motors over 30 HP, use auto-transformer starters.

Engine-Driven Generators

If the submerslble pump is golng to be cperated using an engine driven generator, we
suggest the manufacturer of the generator be contracted to ensure the proper generatar is
selected and used. See Table B for generator sizing guide.

If power is going to be supplied
through transformers, Table C
outlines the minimum KVA rating
and capacity required for
satisfactory pump operation.

Control Box/Panel
Wiring

1. Single-Phase Motors:
Single-phase motors must be
connected as indicated in the
motor control box. A typical single-
phase wiring diagram using a
Grundfos confrol box is shown
(Figure B-A),

2. Threa-Phase Mofors:
Three-phase motors must be
used with the proper size and type
of motor starter to ensure the
motor is protected against damage
from low voltage, phase failure,
current unbalance and overload
current. A properly sized starter
with ambient-compensated exira
quick-frip overloads must be used
to give the best possible molor
winding protection. Each of the
three motor legs must be
protected with overloads. The
thermal overloads must frip in less
than 10 seconds at locked rotor
{stanting) current. For starter and
overload protectlon gulde, see
Table H. A three-phase motor
wiring diagram is illustrated below
(See Figure 6-B).

Pumps should NEVER be started
to check rotatfon unless the
pump is totally submerged.
Severe damage may be caused
fo the pump and motor If they
are run dry.

FIGURE 6-A
230V
Presswa Swilch - 115V
28 Fusad
P 2 Switch
W, Ly
gg‘“ﬂi A v 8
X
L 9] @ @ v \‘l
Bliow Use dotted line 1or
I? Gresan 115V oporation

J

Single-Phase Wirlng Dlagram for
GRUNDFOS Contrcl Boxes

FIGURE 6-B
Power Supply
1
Iz useal 1
ressure used
Disconnect
B pwich e

Three-Phase Wiring Diagram for
GRUNDFOS and FRANKLIN Motors
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High Voltage Surge Arresters

A high voltage surge arrester should be used fo protect the motor agalnst lightning and
switching surges. Lightning voliage surges in power lines are caused when lightning strikes
somewhere in the area. Switching surges are caused by the opening and closing of switches
an the main high-voltage distribution power lines.

The correct voltage-rated surge amester should be installed on the supply (line) side of the
control box (Figure 6-C and 6-D). The arester must be grounded in accardance with the
National Electrical Code and local codes and regulations

FIGURE 6-C FIGURE 6-D
Three-phase povver supply
Single Phase - . E
Power Supply L1 L2 L3 ] pump
chounn | Panel
Instafl
L1 N Ground I Lightning
LIGHTNING ggcf:t;mrs
@ @ Trug ARRESTER F%CK
™ Grouming T oTr or| | e
Lightning @ ' @
Arrestor ¥ T 1
! ! ! l Tue
: m——
Single Phase Hookup To 57 Motor gf;a.;nd
Three-phase hookup "

The warranty on all three-phase submersible motors Is VOID If:

1. The motor Is operated with single-phase power through a phase converter.

2. Three-leg amblent compensated extra quick-trip overtoad protectors are not
used.

3. Three-phase current unbalance Is not checked and recorded. (See START-UP
Section 7 for Instructions.)

4. High voltage surge arresters are not Installed.

Control Box/Panel Grounding

The control box or panet shall be permanently grounded in accordance with the National
Electrical Code and local codes or reguiations. The ground wire should be a bare copper
conductor at least the same slze as the drop cabie wire size. The ground wire should be run
as short a distance as possible and be securely fastened to a true grounding polnt.

True grounding polnts are considered to be: a grounding rod driven into the water strata,
stesl well casing submerged into the water lower than the pump setting level, and steel
discharge pipes without Insulating couplings. If plastic discharge pipe and well casing are
used or if a grounding wire is required by local codes, a properly slzed bare copper wire
should be connected to a stud on the moter and run to the control panel. Do not ground to a
gas supply line. Connect the grounding wire to the ground polnt first and then to the terminal
in the controf box or panel.
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Wiring Checks and Installation

Before making the final surface wiring connection of the drop cable to the control box or
panel, it is a good practice to check the Insulation resistance to ensure that the cable and
splice are good. Measurements for a new Instailation must be at least 2,000,000 ohm. Do not
start the pump if the measurement is less than this.

If It is higher than 2,000,000 ohm, the FIGURE 6-E
drop cable should then be run through
the weil seal by means of a condult
connector In such a way as to
eliminate any possibility of foreign
matter entering the well casing.
Condult should always be used from
the pump to the control box or panel to
protect the drop cable {See Figure 6-
E). FInlsh wiring and verify that all
electrical connections are made In ) p——— -
accordance with the winng diagram.
Check to ensure the control box or
panel and high voltage surge amrester
have been grounded,

pl}
i

After the pump has been set into the well and the wiring connections have been made, the
following procedures should be performed:

A, Aftach a temporary horizontal length of plpe with installed gate valve to the riser pipe.

B. Adjust the gate valve one-third of the way open.

C. On three-phase units, check direction of rotatlon and current unbalance according to the
Instructions below. For single-phase units proceed directly to “Developlng the Well.”

D. Under no circumstances should the pump be cperated for any prolonged period of time
with the discharge valve closed. This can resuit In motor and pump damage due to
overheating. A propedy slzed rellef valve should be Installed at the well head to prevent
the pump from running agalinst a closed vatve.

Three-Phase Motors

1. Check the direction of rotation

Three-phase moters can run In either direction depending on how they are connected to the

power supply. When the three cable leads are first connected to the power supply, there is a
50% chance that the motor will run In the proper direction. To make sure the motor Is running
In the proper direction, carefully follow the procedures below:

Start the pump and check the water quantity and pressure developed,

Stop the pump and Interchange any two leads.

Start the pump and again check the water quantity and pressure.

Compare the results observed. The wire connection which gave the highest pressure
and largest water quantity Is the correct connection.

Oowp
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2. Check for current unbalance

Current unbalance causes the motor to have reduced starting torque, overload tripping,
excessive vibration and poor performance which can result in early motor fallure, It is very
important that current unbalance be checked In all three-phase systems. Current unbatance
between the legs should not exceed 5% under normal operating conditions.

The supply power service should be verlfted to see if it is a two or three transformer system. If
two transformers are present, the system is an “"open” delta or wye. If three transformers are
present, the system Is true three-phase.

Make sure the transformer ratlngs in kilovolt amps (KVA) Is sufficient for the motor
load. See Table C.

The percentage of current unbalance can be calculated by using the followlng formulas and
procedures:

Total of current valugs measured
Average current = on each leg

3

Greatest amp difference from
% Current unbalance = the average X 100

average current

To determine the percentags of current unbaiance:

A Measure and record current readings in amps for each leg (hookup 1), Disconnect
power.

B. Shift or roll the motor leads from left to right so the drop cable lead that was on terminal 1
is now on 2, lead on 2 is now on 3, and lead on 3 is now on 1 {hookup 2). Rolllng the
motor leads in this manner will not reverse the motor rotation. Start the pump, measure
and record current reading on each leg. Disconnect power.

C. Again shift drop cable leads from left to right so the lead on terminal 1 goes to 2, 2 to 3
and 3 to 1 {hookup 3). Start pump, measure and record cumrent reading on each leg.
Disconnect power.

D. Add the vajues for each hackup,

E. Divide the total by 3 to obtain the average.

F. Compare each single leg readlng from the average fo obtain the greatest amp difference
from the average.

G. Divide this difference by the average to obtain the percentage of unbalance.

Use the wiring hookup which provides the lowest percentage of unbalance. (See Table F for
a spedific example of comecting for three-phase power unbalance.)

Developing the Well
After proper rotatlon and current unbalance have been checked, start the pump and let it
operate until the water runs clear of sand, silt and other impurities.

Slowly open the valve in small Increments as the water clears until the dseired flow rate is
reached. Do not operate the pump beyond its maximum flow rating. The pump should not
be stopped untll the water runs clear.

Page 9



If the water is dean and clear when the pump is first started, the valve should still be
slowly opened untll the deslred flow rate Is reached. As the valve is baing opened, the
drawdown should be checked to ensure the pump is always submerged. The dynamic
water level should always be more than 3 feet above the inlet stralner of the pump.

Disconnect the temporary piping arrangsments and complete the final piping connections.

Under no clrcumstances should the pump be operated for any prolonged pariod of
time with the discharge vaive closed. This can result In motor and pump damage due
to overheating. A properly slzed rellef valve should be instailed at the well head to
prevent the pump from running agalnst a closed valve,

Start the pump and test the system. Check and record the voltage and current draw on each
motor lead.

Operation
1. The pump and system should be pericdically checked for water quantity, pressure,
drawdown, periods of cycling and operation of controls.

2. If the pump fails to operate, or there is a loss of performance, refer to Troubleshooting,
Section 8.

The majority of problems that develop with submersible pumps are electrical, and most of
these problems can be corrected without pulling the pump from the well. The following chari
covers most of the submaersible service work, As with any troubleshooting procedure, start
with the simplest solution first; always make all the above-ground checks before pulling the
pump from the well.

Usually only two instruments are needed — a combination voltmeterfammeter, and an
ohmmeter. These are relatively inexpenslve and can be obtained from most water systems
suppliers.

WHEN WORKING WITH ELECTRICAL CIRCUITS, USE CAUTION TQ AVOID
ELECTRICAL SHOCK. It Is recommended that rubber gloves and boots be wom
and that care is taken to have metal control boxes and motors grounded to power
supply ground or steel drop plpe or casing extending Into the well. WARNING:
Submerslble motors are intended for oparatlon In a well. When not operated In a
well, fallure to connact moteor frame to power supply ground may result In serious
elactrical shock.

Page 10



Preliminary Tests

SUPPLY
VOLTAGE

How to Measure

By means of a voltmeter, which has
been set to the proper scale, measure
the voltage at the control box or starter.

Cn single-phase unlts, measure
between line and neutral,

On three-phase units, measure
between the legs (phasas).

What it Means

When the motor is under Ioad, the
voltage shouid be within £ 10% of the
namepliate voltage. Larger voltage
varistion may cause winding damage.

Larga varations in the voltage indicate
a poor electrical supply and the pump
should not be aperated unlil these
varations have bean corrected.

If the voltage constantly remains high
or low, the motor should be chenged to
the correct supply voitage.

CURRENT
MEASUREMENT

i

-

How to Measure

By use of anammeter, seton the proper
scale, measure the current on each
power lead at the control box or starter.
See Electrical Data, Table E, for motor
amp draw information.

Current should be measured when the
pump is operating at a constant
discharge prassure with the motor fully
loaded.

What it Means

If the amp draw exceeds the lisled
service factor amps (SFA) or if the
cument unbalance {s greater than 5%
between each leg on three-phase units,
check for the following:

1. Bumt contacts on rmotor starter.

2. Loose terminals in starter or control
bax or possible cable defect. Check
winding and insulation resislances.

3. Supply voltage too high or low.
4. Motor windings are shorted.

5. Pump Is damaged, causing a molor
overioad.

WINDING
RESISTANCE

s

How to Measure

Tum off power and disconnect the drop
cable leads In the control box or starter.
Using an chmmeter, set the scale
sefectors to Rxd for values under 10
ohms and Rx10 for values over 10
ohms.

Zarm-adjust the meter and measure the
resistance between leads. Record the
valuas.

Motor resistance values can be found
in Electrical Dala, Tabie E. Cable
resistance values are in Table G.

What it Means

If all the ohm values are nommal, and
the cable colors comect, the windings
are not damaged.

Ifany one ohmvatue s less than normal,
the motor may be shorted.

if any one ohm velue is greater than
normal, therais a poor cable connection
of jeint. The windings or cable may also
be open.

If some of the ohm values are greater
than normal and serne lass, the drop
cable leads are mixed. To verify lead
colars, see resistance values in
Elactrical Data, Table E.

INSULATION
RESISTANCE

How to Measura

Tum off power and disconnect the drop
cable leads In the control box or starter.
Using an ohm or mega ohmmeter, set
the scale selector to Rx 100K and zero-
adjust the mster.

Measure the resistance between the
fead and ground (discharge plpe or well
casng, if steei).

What it Means

For ohm values, refer to table below.
Motors of all HP, voltage, phase and
cycle duties have the same value of
insulation reslstance.

Page 11



OHM VALUE MEGACHMVALUE | CONDITION OF MOTOR AND LEADS
Motor not yat Installed:

2,000,000 {or more) 2.0 Neaw Motor.

1,000,000 {or more) 10 Used motor which can be reinstelled In the wel.

Motor In well (Ohm readings ars for drop cable plus motor):

500,000 - 1,000,000 05-1.0 A mator in reasonably good condltion.

20,000 - 500,000 0.02-05 A motor which may have been dameged by lightning or with damaged
leads. Do not pufl the pump for this reason.

0,000 - 20,000 0.0t -0.02 A motor which definitely has beesn damaged or with demaged cable.
The pump should be pullad and repairs made [o the cable or the
motor replaced. Tha motor will stlll operate, but probebly rot for long.

lass than 10,000 0-900t A molor which has failed br with completely destroyed cable insulation.
The pump must ba pullad and the cabla repaired or [he motor
raplaced. The motor will not run In this condition.

A. Pump Does Not Run

PO3SIBLE CAUSES

HOW TO CHECK

HOW TO CORRECT

1, No power al pump
panel.

Chack for voltage at pansl.

If no voltage at panel, chack feader
panel for tripped circuits.

2. Fuses are blown or
clreult breakars are

tripped.

Remova fuses and check for continuity
with shmmeter,

Replace blown fusas or ressl circuit
breaker. If new fuses blow or clreuit
breaker trips, the electrical installation
and molor must be checked.

3. Motor starter ovarloads
are burnt or have tripped
out {three~-phasa only}.

Chack for voliage on line or load slde
of starter.

Replece burnt heaters or raset. Inspect
starler for other damage. If heater frips
again, check the supply voltege and
stertar halding coil.

4. Starter does not
energlza (lhree-phase
only).

Energlze conirol circuit and check for
veltage at the holding coll.

I o voltage, check conlrel circuit. If
voltage, check holding coll for shorts.
Replace bad ceil,

5. Defactive controls.

Check all safety and pressure swilches
for operation. Inspect contacts in
control devices.

Repdace wom or defective parts.

6. Motor and/or cable are
defecitve.

Turn off power. Disconnect mator leads
from control box. Measure the lead-to-
lead resistances with the chmmeter
(Rx1). Measure lead-ta-ground values
with chmmaeter (Rx100K}. Record
measured velues.

If open motor winding or ground Is
found, remove pump and recheck
values at the surface. Repalr or replace
motor or cable.

7. Defactive capacitor
(single-phase only}.

Tum off the power, then discharge
capacilor. Check with an ochmmeter
(Rx100K). When maeter I3 connectad,
the needla should jurmnp forward and
slowly drift back.

If there s no needle movement,
repiace the capacitor.
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B. Pump Runs But Does Not Deliver Water

POSSIBLE CAUSES

HOW TO CHECK

HOW TO CORRECT

1. Groundwater level In
welf fs too low or well Is
collapsad.

Check well draw-down. Water laval
should be at least 3 ft. ebove pump
inlst during operatlon.

It not, lower pump if possible, or throttle
discharge valve and install watar levet
control.

2. Integral pump chaeck
valve 15 blocked.

Install pressure gauge, start pump,
gradually cfose the discharge velve end
read pressure at shut-off. After taklng
reeding, open valve to its previous
positlon. Convert PSF to feet.

(For weter: PSIx 231 YPSI = #),
andt add this 1o the tolal vertical distance
from the pressura gavge to the weter
level in the weall while tha pumpIs
running. Refar to the specific pump
curve for the shut-off head for thal pump
medel. If the measured head is dose to
the curve, pump is probably OK.

1f not close to the pump curve, remove
pump and inspect discharge section,
Remaove blockage, repair vabe and
valva seet If necessary. Check for other
damage. RInsa cut pump and re-Install.

3. Inlet stralner Is clogged.

Same es B.2 above.

If not close to the pump curve, remove
pump and inspsect. Clsan strainer,
inspect integral chack velve for
blockage, rinse out pump and re-Install.

4, Pump Is demaged,

Same as B.2 above.

If dernaged, rapair as necassary. Rinse
out pump and re-install.

C. Pump Runs But at Reduced Capacity

POSSIBLE CAUSES

HOW TO CHECK

HOW TO CORRECT

1. Wrong rotation (three-
phase onfy),

Chack for proper alacklcal connaction
In contrel panal.

Correct wiring and change leads as
required.

2. Draw-town Is larger
than anticlpated.

Chech draw-down during pump
operatlon.

Lower pump if possible, If not, threttle
discharge valve and Install water level
control.

3. Discharge plping or
valve leaking.

Examine systam for leaks.

Repair laaks.

4. Pump sirainer or chack
valve ars clogged.

Same as B.2 above.

If not close to the pump curve, remove
pump end inspact. Clean strainer,
Inspect Integral chack valve for
blockage, fnse out pump and re-install.

5, Pump worn,

Same as B.2 ebove.

i not close to pump curve, remaove
pump end Inspect.
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D. Pump Cycles Too Much

POSSIBLE CAUSES

HOW TO CHECK

HOW TG CORRECT

1. Pressure switch Is not
properly adjustad or Is
defective.

Check prassure getling on switch and
operatlon. Check voltage across closed
contacts.

Re-ad|ust switch or replace if dafective.

2. Level control is not
properly sot or Is
defective.

Check satling and operation.

Re-adjust sellling (refar 1o manufacturer
data.) Replace if defactive.

3. Insufficlent alr charglhg
or leaking tank or plping.

Purnp air into tank or dlephram
chamber. Check diaphram for laak,
Chack tank and piping for leaks with
so0ap and water sclution. Check air to
water voluma,

Repalr or replace damaged
componant.

4. Plugged snifter vaive or
bleed orifica.

Examine valve end orifice for dirt or
COfrosion.

Clean and/or replace if defectiva.

5. Tank s too small.

Check tank size. Tank volume should
be approximately 10 gellons for each
gpm or pump capacify.

If tank is too small, replaca with proper
siza tank.

E. Fuses Blow or Circuit Breakers Trip

POSSIBLE CAUSES

HOW TO CHECK

HOW TO CORRECT

1, High or low voltage.

Check voltage at purnp panel. i not
withln £ 10%, check wire size and
length of run to pump panet.

I wire slze is comect, contact power
company. If not, comect end/or replace
as necessary.

2. Three-phase currant
unbalance.

Check current draw on each lead.
Unbelance must be within 1 5%.

If current unbalance is not within £ 5%,
contact power compsny.

3. Control box wiring and
components (single-phase
only).

Check that control box parts match the
parts list Chack to see that winng
matches wirlng diagram. Check for
loose or broken wires or tarminals.

Corract as required.

4. Defectlve capacitor
(sIngle-phase only).

Turn off power and discharge capacitor.
Check using an ohmmater (Rx100K).
When the meter is connected, the
needle should jJump forwerd end slowly
drlft back.

If no mater movemnent, replace tha
capaclhor.

5. Starting ralay (Frenklin
single-phase motors only).

Check resistance of relay coll with an
chmmeter {Rx t000K). Check contacts
for wear.

Replace defective relay.
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Table A

Minimum Water Flow Requirements for
Submersibie Pump Motors

Table B

Guide for Engine-Driven Generators in
Submersible Pump Appiications

MOTOR
DIAMETER

CASING OR SLEEVE
LD, [N INCHES

MIN. FLOW PAST
THE MOTOR (GPM)

ry

1.2

7

13

21

5

-

107

O[O0 b [P [ b (R C3 | |G | 13 || oo | O K [t e | n o

305

NOTES:

1. A flow inducer or slteeve must be used if the water

enters the wall above the motor or if there is
unsutficlent water flow past the motor.

2. The minimum reccmmended water velocity over 4*
maotors is 0.25 feet per second.

3. The minlmum recommended water velocity aver 6,

&, and 10" molors is 0.5 feal per second.

Table C

Transformer Capacity Required for

Three-Phase Submersible Pump Motors

MINIMUM KILOWATT RATING OF

GENERATOR FOR THREE-WIRE

SUBMERSIBLE PUMP MOTORS

MOTOR HP EXTERNALLY INTERNALLY

SINGLE ORTHREE| REGULATED REGULATED

PHASE UNITS GENERATOR GENERATOR

033 HP 15 KW 1.2 KW
Q.80 2.0 15
0.75 30 2.0
1.0 4.0 25
15 50 30
2.0 75 4.0
10 10.0 5.0
50 15,0 7.5
75 200 100
10.0 30.0 15.0
15.0 40.0 20.0
30.0 60.0 25.0
25.0 750 30.0
30.0 100.0 400
40,0 1009 50.0
50.0 150.0 £0.0
60.0 175.0 75.0
75.0 250.0 100.0
100.0 300.0 150.0
1250 3750 175.0
150.0 450.0 200.0
200.0 £600.0 275.0

NOTES:

1. Tabie Is hased on typical 80°C rise continuous duty

generators with 35% maximum veltage dip during
start-up of singla-phase ang three-phase motors.
2. Centacl the manufacturer of the generator to
assure the unlt has adequate capacity 10 run the
submerslble motor.

3. If the generalor raling s In KVA instead of kilowatts,

muitiply the above ratings by 1.25 to obtain KVA,

MININUM KVA RATING
FOR EACH TRANSFORMER
THREE-PHASE MINIMUM 2TRANSFORMERS | 3 TRANSFORMERS
MOTOR HP TOTAL KVA OPEN DELTA DELTA ORWYE
REQUIRED" ORWYE
15 3 2 1
2 4 2 172

3 5 3 2

2 7-1/2 5 3
7.5 10 712 5
10 15 10 5

15 20 15 7-1/2

20 25 15 10
25 30 20 10
30 40 25 15
40 29 30 20
50 80 35 20
&0 75 40 25
75 90 50 30
00 120 65 40
25 150 B5 50
50 175 100 £
200 230 130 15

" Pump motor KVA requirements only, and does nal Include allowancas for

other loads,
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Table D

Submersible Pump Cable Sefection Chart {60 Hz)

The following tables fist the recommended copper cable slzes and various cable lengths for
submersible pump motors,

These tebles comply with the 1978 editton of the National Electric Table 310-16, Colurmn 2
far 75°C wire. The ampaciy (current carrying properties of a conductor} have been divided by
1.25 per the N.E.C., Artlcle 430-22, for motor branch circuits based on motor amps at rated
horsepower.

To assure adequate starting torque, the maximum cable lengths are calculated to malntain
95% of the service entrance voitage at the motor when the motor is running at maximum
nameplate amps. Cable slzes larger than specified may always be used and will reduce
power usage.

The use of cables smaller than the recommended sizes will vold the warranty. Smailer
cable sizes will cause reduced starting torque and poor motor operation.

Single-Phase Motor Maximum Cable Length
(Motor to service entrance) (2)

VOLTS HP 14 )12 |10 | & ] 4 2 0 00 ) 000 |0000 | 250 | 300
115 1/3 130 | 210 | 340 | 540 | 840 {1300]1960}2610
172 100 | 160 [ 250 | 390 | 820 | 960 |1460]|2160
230 143 550 | 880 |1380[2100|3400 (5250|7960
112 400 ) 650 |1020]1610]2510|3880|5380
3/4 300 | 480 | 760 |1200]187G 20904370 |6470
1 250 [ 400 { 63C | 990 [1540)2380|3610 (5360|6520
1-1i2 190 | 310 | 480 | 770 |1200{1870|2850|4280 (5240
2 150 | 250 [ 390 | 620 | 970 {1530|2360 |3620 (4480
3 120 | 190 [ 300 | 470 | 750 |1190]1850 (2890 [3610
5 180 | 280 | 450 ! 710 {1110|1740|2170
7-172 200 | 3310 | 4980 | 750 [1140]1410
10 250 | 360 | 600 | 930 |1160
CAUTION: Use o wire slze smeller than listed will vold warrenty.
FOOTNOTES:

1. M aluminum conductor Is used, multiply lengths by 0.5. Maximum allowable length of aluminum is considerably
shorter than copper wire of same size.

2, The portlon of the 1otal cable which is between the servics entrancs end a 33 motor starter should not exceed
25% of the 1otat maximum length of assure rellable startar operation. Single-phase control boxes may be
connected at any polnt of tha total cable length.

3. Cables #14 to #0000 ere AWG sfzes, and 250 to 300 are MCM sizes.
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Three-Phase Motor Maximum Cable Length
{Motorto service entrance) (2)

VOLTS HP 14 12 10 -] (] 4 2 0 00 | 000 | 0000 | 250 | 300
208 1-1/2 310 [ 500 | 790 [1260
2 2401390 | 610 | 970 |1520
3 180 ) 290 | 470 { 740 111601810
5 170 280 | 440 | 690 {1080(1660
7-1/2 200 [ 310 [ 4903 770 j1$80|1770
10 230 | 370 ) 570 | 880 1330|1640
18 250 | 390 | 600 | 810 |1110]1340
20 300 | 460 | 700 | B6O |1050|1270
25 370 | 570 | 700 | 840 1030|1170
30 310 [ 470 ) 580 | 700 | 850 | 970 |1110
230 1-172 360 | 580 | 920 {1450
2 280 |1 450 | 700 [1110[1740
3 210 340 | 540 | 860 13402080
5 200 [ 320 | 510 [ 800 [1240[1900
7-112 230 | 360 [ 570 | 890 |1350(2030
10 270 1420 | 660 [1010]1520)1870
15 290 | 450 | 630 | 10401280 1540
20 350 [ 530 | 810 990 1200|1450
25 280 |1 430 | 650 { 800 | 970 |1170{1340
30 350 ] 540 j 660 [ 800 | 970 111041270
460 1172 1700
2 1300]2070
3 100016040 |2520
5 590 [ 950 [1500(2360
7-172 420 | 680 |1070|1690 2640
10 310 | 500 | ¥90 11260 1960 {3050
15 540 | 850 [1340{2090)3200
20 410 | 650 [1030}1610)2470{3730
25 530 [ 830 [1300]1990]3010]3700
30 430 | 680 |107011640}24903060)3700
40 780 [121011830|225012710|3290
50 640 | 880 [1480(1810)2190|2650]3010
60 830 (125015401850 |2240 (254012890
75 1030]12601520|1850|2100 (2400
100 940 [1130]1380]1560]1750
125 1080]1220]1390
150 106¢]1180
200 1080]13G0
250 1080
575 1-1/2 2620
2 2030
3 158012530
5 920 1148012330
7-in2 660 |1060]1680 [2650
10 490 | 780 |1240 (1950
15 530 | 850 [1340)2090
20 650 {1030[1610§2520
25 520 | 830 [1300]2030(3110
30 680 [1070|1670|2560]3880
40 790 [1240]1900|2860]3510
50 1000 |1540]2310|2840]3420
60 850 1130011960 |2400)280013500
75 1060{1600]1970) 238012890 (3290
100 1190]1460]1770]2150(2440{2790

CAUTION: Use of wire size smaller than lisled will vold waranty. FOOTNOTES: 1. If auminum conductor is used,

multiply lengths by 0.5, Maximum allowable length of alumirum is conslderably shortar than copper wire of sama slzs,
2. Ths portion of the 1otal cable which is betwasn the sorvice entrance snd a 3@ motor starter showld not exceed 25%
of the total maximum length of assure reliable starter operation. Singlephase conlbrol boxes may be connected al any
point of the total cabls length. 3. Cables #14 to #0000 are AWG sizes, and 250 1o 300 are MCM sizes,
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Electrical Data
Submersible Pump Motors - 60Hz

GRUNDFOS MOTORS

CIR. BRKR FULL LOAD MAX. GRUNDFOS
QR FUSES AMPERAGE EFF. PWR [THRUST! NAMEPLATE | PRODUCT
Hp | pH | voiT | sF | sTD. | PELAY | START [ MAX. | (%) [ FACT. [ (LBS) NO. NO,
4-Inch, Single Phase, 2-Wire Motors (control box not required)
13 1 [ 230 [175 | 15 5 [257 ] 46| =0 77 | 750 | 79852101 | 791595016
2| 1 | 230 [ 160§ 15 7 | 345 | 60| &2 76 | 750 | 79952102 | 791595026
a4 | 1 1 230 | 150 | 20 9 | 405 | 84| &2 75 | 750 | 79952103 | 791595036
1 1 230 1.40 25 12 484 9.8 63 g2 750 79952104 | 791585046
1-1/2) 1 | 230 [ 130 | 35 15 | 620 | 131 | &4 B5 | 750 | 79952105 | 791595056
4-Inch, Singie Phase, 3-Wire Motors
1/3 1 230 175 15 5 14.0 4.6 29 77 750 79453101 791545016
w211 | 230 | 180 | 15 7 {215 | 80| 62 76 | 750 | 79453102 | 791545026
a [ 1 | 230 | 150 | 20 9 | 314 | 84 62 75 | 750 | 79453103 [ 791545036
1|1 | 230 | 140 | 25 12 | 370 | 98| 63 82 | 750 | 79453104 | 791545046
1-1iz] 1 | 230 | 130 | 35 15 | 459 | 116 | 69 89 | 750 | 79453105 | 791545056
4-inch, Three Phase, 3-Wire Motors
172 3 [ 230 [ 130 [ 15 8 [403] 73| 75 72 | 750 | 79302005 | 791530055
460 1.30 10 4 2041 a7 75 72 750 79362005 ; 791536056
575 1 1.30 | 10 4 | 1861 | 29 | 75 72| 750 | 79392005 | 791539056
2 3 230 1.25 20 10 48 a.7 76 75 750 79302006 | 791530068
460 1.25 10 5 24 44 76 75 750 79362006 | 791536066
5758 1.25 10 4 182 a3 76 75 750 79392006 | 791539066
3 [ 3 230 [1.15 [ 30 15 56 | 12.2 | 77 75 ] 1000 | 79304507 | 96405801
460 | 115 | 15 7 28 61 | 77 75 11000 | 79354507 | 96405810
575 {1151 15 6 22 48 | 77 75 1 1000 | 79394507 | 96405815
5 [ 3230 [115 [ 40 25 | 108 [ 198 | =0 82 | 1000 | 79304509 | 96405802
460 | 115 | 20 12 54 | 99 | 80 82 | 1000 | 79354509 | 96405811
575 | 1145 | 15 9 54 | 79 | B0 82 | 1000 | 79394509 | 96405816
712f 3 [ 230 115 | 0 30 [ 130 [ 250 | &1 82 | 1000 | 79305511 | 96405805
480 1.15 35 15 67 13.2 =] 82 1000 | 79355511 96405814
575 | 1.5 | 30 15 67 [ 106 | 81 82| 1000 | 79395511 | 96405819
6-Inch, Three Phase, 3-Wire Motors
‘74/2' 3J 230 ! 1.15 | 60 l 35 ’ 119 ] 264 ’ 80.5 l 76 l 1000 | 78305511 | 96405781|
480 | 115 | 30 15 50 {132 | 805 { 76 | 1000 | 78355511 | 9B405794
| 0 | 3 | 230 | 1.15 ’ BD | 45 ’ 156 r 34.0 | 825 ‘ 79 | 1000 | 78305512 l 93405?32'
460 | 1.15 | 40 20 78 [ 170 | 82 73| 1000 | 78355512 | 96405795
I 15 r 3 l 230 I 1.15 | 150 [ 80 | 343 | 66.0 | a4 | 81 |4400 | 78305516 ’ 96405784
460 {115 | 60 | 30 | 115 | 245 | 825 | 82 | 440 | 78355514 | 96405796
| 20 | 3 | 230 | 1.15 l 150 ] B0 | 343 | 86.0 I 84 | 81 |4400 | 78305516 | 96405784
460 [ 115 | 8o 1 40 | 172 | 330 | as 82 | 4400 | 78355516 | 08405797
[25 T 3 T 460 [ 145 [ 100 | 50 | 217 | 21.0 | 845 | 80 | 4400 | 78355517 | 06405798 |
130 | 3 [ 460 [ 115 [ 110 | 60 | 237 | 465 | 85 | B3 | 4400 | 78355518 | 96405799 |
[40 ] 3 T 460 [ 1145 ] 150 | 80 [ 320 [ 64.0 | 85 | 82 | 4400 | 78355520 | 96405800 |
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HITACHI MOTORS

6 Inch (Three Wire) Motors 60 HZ
Circult
AMPERAGE FULL LOAD
Breakaror] Duad
Servicat Stanedard | Element | Ful SF Powar GRUNDFOS
HP ! PH Nolts| Factor Fuss Fura load [ Rotor | Ames | Eff. | Factor PART HO.
5 1 |20 115 a B 8 1M 270 (748 2 061 22 G - 150 2 41154
3 |20 tas &5 X 48 0 184|768 825 aF: 5] K 1 Ks8 =] BZEFISHS
3 |4 | 135 X 10 74 5 82 |ma &5 30 K 1 HAD 1500 B2 591506
TARE 4 | ZD | 115 b+ 45 x’2 & 409 |728 W9 040 1.40 F - 1500 B2 4121H
A |720] 115 Ll Kt 218 4 M4 |7RS 9B 065 J 1 Ked 150 82511663
3 | 460 115 k3 14 108 2 122 |785 &8 243 J 1 Kok 1500 B28916HES
10 1 |20 115 s a 480 22 50 [736 932 a2 108 .3 - i 8241034
A || 135 a €0 282 XE 320 {783 A28 045 K 175 HB8 3 281173
KN - ol R R LY A a 3 L 160 [793 H28 182 K 1 K58 i) RMVHE
1B 1 |20} 115 0 o 08 o B |RT me2 03 088 a} - - o 2914843
| 1 1% ar 14 30 462 |87 EAZ o K 2 K74 XM #25118H3
A [4a1] 115 a n nr 1| [ M7 |z 107 K 115 KE3 0 E25116H6
N1 3 |m™]| 115 s n 530 W B0 832 Bg 0» K 25 Krr ki) 82511043
401 115 =] k] %5 1® 30 (L2 s 086 K z KE7 3500 2811046
A3 (20| 115 .t1] =¢] 672 5% 754 (B30 839 o K A K53 3500 BG120H3
3 |48 115 m 45 8 X5 3T B0 B39 067 K 2 K7z 35m B26120H6
B3 |20 15 i) hiod 0] a1 Al6 |825 843 013 K 3 ;53 Ho 2naH)
A |40)] 15 15 EY 404 B 453 |RS5 #3 05 K 25 K34 =0 S2971HE
4| 3 |#0]| 135 150 " ] 3 538 |s4n 83 048 H 3 g 8232784
|3 14| 135 an e a7 4B 788 |@23 9§14 a3 J A K 500 o D2gH
amia 4| 11s s 00 808 &5 2B |F24 B4 03 G as KE8 5000 B2 23
8 Inch Motors
|2 |46 115 150 n 53 ¥ o019 (B3I &1 0ar J a K78 10,000 82 3270H
013 || 115 n B 4% 736 |B44 887 [afie <3 H 3 K8 10,000 82.321H
a3 |40 115 o m 8 S0 BR5 [T 853 0B H as K83 40,000 B2L2T2H
™2 (4] 115 kil 12 Lt R 1] 110|648 853 ox H a5 Ke8 10000 82 3274H
100 3 [480 | 445 400 s 77 TS H5 B2 86 &8 H 4 Kos 10,000 82 BT5H
15| 3 |40 115 50 25 1720 @0 MR B2 89 o4 G 45 K28 10,000 82 36H042
9| 3 [480] 135 a0 =0 1870 HEO M3 |&58 ATa Q.13 G 45 KX 10000 B2.36H04)
10 Inch Motors
A037 3 |40 1% o N 320 200 T O|8r2 S22 [c]] F 5 K3 10,000 82, 36H0G4
20| 3 |«0| 115 a0 450 240 R M4 [BES 921 om E 6 K27 40,000 B235HOGE

FRANKLIN MOTORS

{refer to the Frankiin Submersible Motors Appiication Malntenance Manuai)
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Table F

Example: Correcting for Thiee-Phase Power Unbalance

Example: Check for current unbalance for a 230 volt, 3 phase, 60 Hz submersible pump

motor, 18.6 full load amps.

Solutlon: Steps 1 to 3 measure and record amps on each motor drop lead for Hookups 1, 2

and 3.
Step 1 {Hookup 1) Step 2 (Hookup 2) Step 3 (Hookup 3)
(T,) DI, = 25.5 amps DL, = 25 amps DL, = 25.0 amps
(T,) DL, = 23.0 amps DL, =24 amps DL, = 24.5 amps
(T,} DL, =26.5 amps DL, = 26 amps DL, =25.5 amps
Step 4 Totat = 75 amps Totat = 75 amps Total = 75 amps
Step 5 Average Current = total current = 75 =25 amps
3 readings 3
Step 6
Greatest amp difference (Hookup 1)=25-23=2
from the average: (Hookup 2} = 26-25 =1
{(Hookup 3)=25.525=5
Step 7 % Unbalance (HOOKUP 1) =225 X 100=28
{HOOKUP 2} =1/25 X 100 =4
{HOOKUP 3) = .5/25 X100 = 2

As can be seen, Hookup 3 should be
used since it shows the least amount of
current unbalance. Therefore, the motor
will operate at maximum efficiency and
reliakility.

By comparing the current values recorded
on each leg, you wlil note the highest value
was always on the same leg, L. This
indicates the unbalance is in the power
source. If the high curent values were on a
different leg each time the leads were
changed, the unbatance wauld be caused
by the motor or a poor connection.

If the current is greater than 5%, contact
your power company for help.

!
| |
b D e

Loogtr 4 M plr 3br 31 P
A L L L L 4 L L
[ ) ol 3 LIS A B a8 Lo4n wrtts
sy [ g B3 %) C LT [y Thmt HRATERS

—_ WOIOA OOF
caLk

LD -y 4y d uy ul

— oo

ur1 HopRUR T OGKUF 3

;

*For a detalled explanation of thres-phase balance procedwes, see Three-Phase Motor,

section 2, page 6.
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Table G
Total Resistance of Drop Cable {(OHMS)

The values shown in this table are for copper conductors. Values are for the total resistancs
of drop cable from the control box to the motor and back.

To determine the resistance:

1. Disconnect the drop cable leads from the control box or panel.
2. Record the size and length of drop cable.

3. Determine the cable resistance from the table.

4. Add drop cable resistance to motor reslstance. Motor resistances can be found in the
Electrical Data Chart, Table E,

5, Measure the resistance between each drop cable lead using an ochmmeter. Meter should
be set an Rx1 and zero-balanced for this measurement.

o

The measured values should be approximately equal to the calculated values.

1t

il

Ty

L0 |

N

QESTANCE FROM CONTHOL BOX TO PUMP OTOR

DROF CABLE DHME
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LIMITED WARRANTY

7 B
Products manufactured by GRUNDFOS PUMPS CORPORATION
(GRUNDFOS) are warranted to the original user only to be free of defects in
material and workmanship for a period of 18 months from date of installation,
put not more than 24 months from date of manufacture. GRUNDFOS' liability
under this warranty shall be limited to repairing or replacing at GRUNDFOS'
option, without charge, F.0.B. GRUNDFOS' factory or authorized service station,
any product of GRUNDFOS’ manufacture. GRUNDFOS will not be liable for
any costs of removal, installation, transportation, or any other charges which
may arise in connection with a warranty claim. Products which are sold but not
manufactured by GRUNDFOS are subject to the warranty provided by the
manufacturer of sald products and not by GRUNDFOS' warranty. GRUNDFOS
will not be liable for damage or wear to products caused by abnormal operating
conditions, accident, abuse, misuse, unauthorized alteration or repair, or if the
product was not installed in accordance with GRUNBFOS’ printed installation

and operating instructions.

To obtain service under this warranty, the defective product must be returned
to the distributor or dealer of GRUNDFOS' products from which it was purchased
together with proof of purchase and installation date, failure date, and supporting
installation data. Unless otherwise provided, the distributor or dealer will contact
GRUNDFOS or an authorized service station for instructions. Any defective
product to be returned to GRUNDFOS or a service station must be sent freight
prepaid; documentation supporting the warranty claim and/or a Return Material
Authorization must be included if so instructed.

GRUNDBFOS WILL NOT BE LIABLE FOR ANY INCIBENTAL OR
CONSEQUENTIAL DAMAGES, LOSSES, OR EXPENSES ARISING FROM
INSTALLATION, USE, OR ANY OTHER CAUSES. THERE ARE NO EXPRESS
OR IMPLIED WARRANTIES, INCLUDING MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPQSE, WHICH EXTEND BEYOND THOSE
WARRANTIES DESCRIBED OR REFERRED TO ABOVE.

Some jurisdictions do not allow the exclusion or limitation of incidental or
consequential damages and some jurisdictions do not allow limitations on how
long implied warranties may last. Therefore, the above limitations or exclusions
may not apply to you. This warranty gives you specific legal rights and you may
also have other rights which vary from jurisdiction to jurisdiction. /

2/

\>

GRUNDFOS %

Leaders in Pump Technology

Grundfos Pumps Corporation » 3131 N. Business Park Avende « Fresno, CA 93727
Customer Service Centers: Allentown, PA - Fresno, CA

i Phone: (800} 333-1366 - Fax: (00) 333-1363
Gk Canada: Oakville, Cntario + Mexico: Apodaca, N.D.

Visif our websfta af www.us.grundfes.com

L-SP-TL-031 | Rev.2/00
PRINTED INU.S.A.




Bulletin 150

SMC™-3 Smart Motor Controllers

Overview/Modes of Operation/Features

Bulletin 150 — Smart Motor Controllers ~ SMC™-3 Smart

Table of Contents

Motor Controller 7
The SMC-3 is a compact, simple 1o use, solid-state motor controller Cat. No. Explanation 4-99
, ¢ designed to operate 3-phase motors. it features a built-in overioad Product Seiection...... 4-100
¢ ¢ e . relay and a buiit-in SCR bypass contactor on all three phases, allowing | Typical Wiring Diags. 4-110
g a smailler footprint than other soft starters on the market. This product Specifications 4-112
o | is designed for many applications, including compressars, chillers, o o
o pumps, conveyars, and crushers. Modes of operation for the cantroiler | APProX. Dimensions . 4-116
250 are as follows: Enclosed Options ...... 4-118
e ~ Soft Start * Soft Stop ACCESSaries. ... 4-118
* Current Limit Start * Kick Start
- The controilers offer two vollage ranges: 200,. 48OV AC and
200...600V AC, Ali voltage ranges will operate at either 50 or 60 Hz.
PR “1...480 A Range

« Built-in Electronic Motor Ovearload Protection

« Built-In SCR/Run Bypass
[ «Delta Compatibility

Standards Compliance
UL 508

CBAC22.2 No.14

EN/IEC 56847-1

EN/AEC 608947-4-2

Certificalions

cULus Listed {Cpen Type) (File Na. EB6956, Guides NMFT, NMFT7)
C8A Certified (File Na. LR 1234}

CE Marked {Open Type| per EMC and Low Voltage Direclive

CCC Certified

Cats H 130 Clo NBD

Modes of Operation
» Soft Start
« Current Limit Start

* Selectable Kickstart
+ Soft Stop

Factect &Y £xTunG

Oacutr ENCLoSONE

Note: For detailed information about the different modes of operation, see page 4-73

Description of Features

Electronic Motor Overload Protection

The 8MC-3 controlier incorporates, as standard, electronic motor
overioad protection, This motor averload protection is accomplished
electronicaliy with the use of current transformers on each of the
three phases. The controlier’s overload protection is programmable,
providing the user with flexibility. The overfoad trip class selection
consists of either OFF, 10, 18, or 20. The trip current is easily
selected by adjusting the rotary potentiometer to 1he motor full-load
current rating. Trip reset is selectable to either automatic or manual
mode.

Note: Trip rating is 120% of dial setting.

Over-lemperature

The 8MC-3 monitors the SCR temperature by means of internai
thermistars. When the pawer poles maximuwn rated temperature is
reached, the microcomputer switches off the SMC, a TEMP faull is
indicated via LED, and the 97/98 fault contact closes.

Phase Reversal Protection

When enabled via a DIP switch, 3-phase input power will be verified
before starting. If input power phasing is detected to be incorrect,
the start will be aborted and a fault indicated.

Phase Loss/Open Load

The unit will not attempt a start if there is a single-phase condition
on the iine. This pratects from motor burnout during single-phase
starting,

Visit our website: www.ab com/catalogs
Preferred availability cat nos. are printed in bold

4-98

Phaga Imbalance

The unit manitors for imbalance between phase currents, To prevent
motor damage, the unit will trip if the difference between the
minimum phase current and the maximum phase current exceeds
65% for 3 s, and a fault will be indicated.

Shorted 8CR

Prior to every start and during starting, the unit will check all SCRs
for shorts and unit load cannections to the motor, if there is a
shorted SCR in the SMC-3 and/or open ioad, the start wiil be
aborted and a shorted SCR or open load fault will be indicated. This
prevents damage from phase imbalance.

Push 1o Test

The unit with control wiring can be tested for fault conditions by
using the Push to Test function, Hoid down the Reset bution for 7
to activate the fault Aux {97, 98) and shut down the SMC-3. To ciear,
either push the Reset button or cycie control power to the device.

LED Description {Number of Flashes)

. Overload

. Overtemperaiire

. Phase Reversai

. Phase Loss/Qpen Load
. Phase Imbalance

. Shorted SCAH

. Test

N Afops

B

&9 Allen-Bradley
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SMC™-3 Smart Motor Controllers

Product Selection

Open Type and Non-Combination Enclosed ({P85, NEMA 4/12) Controfiers — For use with Line-Connected Motors

Raled Voltage | Motor Current '

Open Type — Line-Connecled
M

IP6S (Type 4."12) Enclosed

_ . Max. Hp, 60 !
[¥ A (A= | Masx. kW, 50Hz Hz Cenlrel Power
- — i 166...240V
1.3 P 05 .- e AC' 50,50,.HZ
8 — : 24V AC/DC
_ - 100, 240\! AC, 5%0 bz
: 3 g i < 0752 b S S — .
- T 24V AGIDC 150-CHNBH -
e -y e s _ e
N T I 90, 2 0V 50/60_Hz o 't53-016MBD i
) - 1 o 24V 1450-C16NER
— ; 100 24ov.q 150-C16HBD
63 19 ST 15 3 "0V AC. 56/60 Hz 50-C18 . 2
T ~ _ _ 24V AC/DC be-cmﬁaﬁ - -
! - i mo 240V AC, 50/80 Hz ED-CREFHE
{82 277 —l 3 75 S R ——
ﬂﬂﬂﬂﬂﬂ - ) __P4VAGIDG SS&C%SNB?? - -
- " 100, 240V AC, 50/60 Hz 150-CIONBD VEROBIRHD
10. .30 S 3 .75 it e . . - -
i — o 24VAC/DC -
- : £ 106 Y AC, He
2 a7 = b 1 179707240 AC, 50/60 -3 _ 150-C3THED
) - I 24VACIDC 150-GSTHBR
i : - : 100...240V AC, 50/60 Mz 150-C4IHED
E 14,3...43 e 5..10 e e O aee
-~ P - j o 24V AC/DC 150-C43NBR _
200!;;;%5 2. 60 : - D e mo 240V AC, 50/60 Hzg - 15)-CEONBD
0 o e 24V AC/DE 150-CEONBR
— 240V AC, 50/ 150-Cg5H
28.3..85 ——- 15.25 - 0V AC, & sz . -oesHk0
: 24V AC/DC 3 aﬂ__i_'_;f_S_NER
i 100 240V AC, 50/60 Hz  150-C10BNBD
27.. 20 30 - P
24V AC/DC R —
100 . 240V AC, 50760 Hz 150-C1A5HED
34, 25...40 e
] 24V AC/DC % 150.C135HER —
67...201 40...60 100 240 AT, 50/80 Hz ! [53-GENFLT
— : 24V AC/DC A :
i — 100...24GY AC, 50/60 H
boaa.251 50...75 00...240 0160 Hz
‘ — 24V AC/DC -
106 317 — - 10: 1100 ..240V AC. 50/60 Hz 150-C317FH
- : — i o 24V AC/DCw ; ; -
- — 7160 . 240V AC. 50760 Hz | 150- csamsn SO-CHATH
I 120 .3 - 75125 ————
- , 24V AGIDC S 150-G36 1NER
. T m 50/60 H T so.cesonBD o
160,480 |- e | {00, 150 z e

— i " UV AGIDG

15 AB0NBR —

& Motor FLA rating shoultd Tall within specified current rangas for unit to operate propetly.

§ These conlroliers require a separate 100 . 240V, 50/60 Hz singie-phase corrot source To adid a control circuil transformer 1o the enclosure, add the
appropriate oplion code 10 the calalog string,

4 Separate 120V or 240V single phase is required for fan operation,

4-100

Visit our website: vww.ab .com/catalogs
Preferred availability cat nos. are prinlad in bold
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Important User Information

Because of the variety of uses for the products described in this publication, those responsibie
for the applicadon and use of this control equipment must satisfy themselves that all necessary
steps have been taken to assure that each application and use meets all performance and safety
requirements, including any applicable laws, reguladons, codes and standards.

The illustrations, charts, sample programs and layout examples shown in this guide are intended
solely for purposes of example. Since there are many vatiables and requirements associated with
any partienlar installation, Allen-Bradley does not assume responsibility or liability (to include

intellectual property liability) for actual use based upon the examples shown in this publication,

Allen-Bradley publicanon SGI-1.1, Safety Guidelines for the Application, Installation and Mainienance of
Sokid-Statt Control (available from your local Alien-Bradley distriburor), describes some important
differences between solid-state equipment and electromechanical devices that should be taken
into consideration when applying products such as those described in this publication,

Reproduction of the contents of this copyrighted publication, in whole or part, without written
permission of Rockwell Automation, is prohibited.

Throughout this manual we use notes to make you aware of safety consideradons:

Identifies information about practices or circumstances that can lead to
ATTENTION . -
personal injury ot death, property damage or economic loss

Attention statements help you to:

¢ identify a hazard
¢ avoid a hazard

e recognize the consequences
gnt q

IMPORTANT Identdfies ir}formal:ion that is etitical for successful application and
understanding of the product,

Allen-Bradley SMC, SMC-3, and SMC.Delta are rademnarks of Rockwell A
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SMC Controllers

Publication 150-AT001B-EN-F - April 2002

The Allen-Bradley SMC™ Controller lines offer a broad range of
products for starting or stopping AC induction motors from 1/2 Hp to
25 Hp. The innovative features, compact design, and available
enclosed controllers meet world-wide industry requirements for
controlling motors. Whether you need to control a single motor or an
integrated automation system, our range of controllers meet your
required needs.

Two of the controllers from the Allen-Bradley SMC Controller line
that are covered in this document, are the SMC-Delta™ and SMC-3™,
Some of the key features for each of these controllers are highlighted
in the table below:

SMC-Delta SMC-3
Features Controller Controller
200...600V 200...600v
1...64A 1...37A
Soft start *
Kickstart *
Current limit start * *
Soft stop *
Coast-to-rest stop * *
Fault aux. - normally open * *
Aux. contact *
Side-mounted aux. contact * *
{optional)
Fault indication * *
Overload protection * *
Phase reversal *
Phase unbalance * *
Inside-the-delta control o *

* = Available
© SMC-Delta requires star-delta [wye-delta) motor



SMC-Delta Smart Motor Controller

DIP Switch Configuration

1Z7Z %}

LR E)

Qe @

Pk Bl Y

~

Position Number

Description

1

Start time

Start time

Current limit start setting

Current fimit start setting

Overload class selection

Overload class selection

Overload reset

D N & W] N

Optional auxiliary relay #1

The following tables describe the SMC-Delta DIP switch programming details:

Tabla 1.B Start Time Table 1.0 Current Limit Start Setting Table 1.F Dverload Class Selection
DIP Switch Number DIP Switch Number DIP Switch Number
1 2 Time {seconds) 3 4 Current Limit 5 6 Trip Class
OFF | OF 2 Setting OFF | OF OFF
oN OFF : OFF OFF 150% N OFF i
QFF ON 10 ON OFF 250% OFF ON 15
ON ON 15 OFF L) 300% ON ON 20
ON ON 350%
Table 1.C Dvarload Reset Table 1.E Dptional Auxiliary Relay #1
DIP Switch Number DIP Switch Number
7 Reset 8 Setting
OFF Manual OFF Normal
ON Automatic ON Up-to-speed

Figure 1.3 SMC-Delta Sequence of Operation

I Count o Rest
-
-3
n
5
]
=
Time
START RUN sSTOF
L
1
Stop 1 |
Normal -_J 23.24
Up-lo-Spaed | 1 23 as
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Chapter 2

SMC-3™ Smart Motor Controller

Description
The SMC-3 Smart Motor controller is a compact, multi-functional solid-state controller used in reduced voltage motor starting

standard three-phase squirrel cage induction motors, 2nd controlling resistive loads. It replaces typical competitive solutions.

The SMC-3 product line includes current ranges: 1...37 A, 200...600V, 50/60 Hz., meets UL, EN, and IEC standards, and is
cULus Listed and CE marked. Control voltage ratings include 24V AC/DC and 100...240V AC. This covers applications

up to 25 Hp.
Figure 2.1 SMC-3™ Controller

o "
ewy
B ] :
@° a” |
;.;::- M Fo
B
i . i 2
Em__ﬂ'?g. = ,
LN
Modes of Operation
The following modes of operation are standard within 2 single controller:
® Soft start
® Current limit start
® Kiclstart
¢ Soft stop
Soft Start

Soft start is the most common method of starting, The initial torque setting is DIP switch selectable as a percentage of the locked
rotor torque (LRT), ranging from 15...65% of full value. The starting time is customer set, ranging from 2...15 seconds.

Figure 2.2 Soft Stert
100% i
Percent
Voltage i
Initial |
Torque
> Start $=1 Run ]
Time (seconds)
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2-2 SMC-3™ Smart Metor Controller

Current Limit Start

This starting mode is used when it is necessary to limit the maximum startng current. This is DIP switch selectable and can be
adjusted from 150...450% of full lead amps. The cursent limit starting time is customer set, ranging from 2...15 scconds.

Figure 2.3 Current Limit Start

450 —
Percent
FuliLoad
Amp
150 A e e

Start
Time(seconds)

Selectahle Kickstart

The kickstart feature provides a boost at startup to break away loads that may require a pulse of high torque to get started. It is
intended to provide a current pulse of 450% of full load current and is user adjustable from 0.0...1.5 seconds.

Figure 2.4 Soft Start with Selectable Kickstart

Fercent
Voltage

Kickstart

100% —

Initia
Torque

- Start -t R =
Time {secands)

Soft Stop

This function can be used in applications that require an extended coast to rest. When selected, the stop time is either 100, 200, or
300% of the start time. The starting and stopping times are dependently adjusted. The load will stop when the voltage drops to a
point where the load torque is greater than the motor torque.

Figure 2.5 Soft Stop
100 v T

Percent E '
Voitage g ;

Inititial — : : Coast to

Torgue : - S~ Rest

Start Run : Soft Stop  ———————
Time (seconds}
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SMC-3™ Smart Motor Controlier  2-3

Features

Electronic Overload

The SMC-3 controllet meets applicable requirements as a motor overload protective device. Overload protection is accomplished
electronically through an 12 algorithm.
The overload is DIP switch selectable, providing the user with flexibility. The overload trip class is selectable for OFF ora 10, 15,

or 20 protection. A CT monitors each phase. The motor’s full load cutrent rating is set by a potentiometer. The overload reset
option can be operated either manually or automatically. A remote Cat. no. 193-ER1 reset device can be mechanically atrached.

Fault Indication

The SMC-3 controller monitors both the pre-start and running modes. A single LED is used to display both RUN/ON and
FAULT indication. If the controller senses 2 fault, the SMC-3 conwoller shuts down the motor and the LED displays the
appropriate fault condition.

The controller monitors the following conditions:

s Overload

e Over-temperature

e Phase reversal

@ Phase loss/Open load
& Phase imbalance
Shorted SCR

Any fault condition will cause the auxiliary contacts to change state and the hold-in circuit to release. All faults can be cleared by
either pressing the reset button or by removing control power. Overload and over-temperature are time-based conditons that may
tequire waiting for some additional cooling time, before reset is possible.

Control Terminai Description

The SMC-3 contains eight (8) control terminals on the front of the controller. These control terminals ate described below,

Table 2.A SMC-3 Control Terminal Description

Terminal Number Description Terminal Number Description

Al Control power input 97 N.C. relay - aux. contact for fault indication

AZ Control power common o8 N.O. relay - aux. contact for fault indication

IN% Start input 13 N.0. auxiliary relay #1 {normal/up-to-speed)

N2 Stop input 14 N.O. auxiliary relay #1 (normal/up-to-speed)
Auxiliary Contacts

Two (2) hard contacts are provided as standard with the SMC-3 controller. These contacts are finger safe. The first contact is for
fault indication. The auxiliary relay #1 is programmable via dipswitch #14, for normal/up-to-speed indication. A side-mounted
additional auxiliary relay #2 can be added as an accessory and programmed via dipswitch #15 for normal/up-to-speed indicaton.

Publication 150-AT001B-EN-P - April 2002



2-4  SMEC-3™ Smart Motar Controiler

DIP Switch Configuration

1@(.1 a@(_z 5@1.3 Position Number | Description
— 1 Start time
EiEOFELEEE 2 Start time
O ?ﬁ%@gm 3 Start mede (current limit or sofi start]
) 4 Current limit start setting {(when selected) or
Soft start initial torque setting {when selected)
5 Current limit start setting {when setected) or
r=T%] Soft start initia} torque setting (when selected)
E'T‘lff’?ﬂé '-“IJ\:[:?E =5 s Soft sto
i :
TES4 583 it?% 7 Soft stop
=], !
r‘:j‘-lrﬁlfjﬂ.: |"_|:~71-’?‘“‘§__ = r_r:-;;; 3 Not used
EJ L‘L&i e Lo el 9 Kick start
910 1112 14 14 |15 15
16 Kick start
1 Overload class selection
Al AZ INTINZ 97 88 13 14 12 Overload class selection
I@-®-®’@-® @-@-®I 13 Qverload reset
14 Auxiliary relay #1 [normal or up-to-spead)
@ @ @ 15 Optional auxiliary relay #2 (normal or up-to-speed)
2 T 4 T2 6 T3 16 Phase rotation check

The following tables describe the SMC-3 DIP Switch programming details:

Table 2.B Start Time Table 2.D Current Lisnit Start Setting (when selected)
DIP Switch Number DIP Switch Number
1 2 Time {seconds) 4 5 Current Limit % FLA
OFF OFF 2 {FF OFF 150%
ON OFF 5 ON OFF 250%
OFF on 10 OFF ON 350%
ON ON 15 ON ON 450%
Table 2.C Start Mode {Current Limit or Soft Start} Tahle 2.E Soft Start Initial Torgue Sefting (when sefected)
DIP Switch Number DIP Switch Number
3 Setting 4 5 Initial Torque % LRT
OFF Current timit OFF OFF 15%
ON Soft start ON OFF 25%
{QFF ON 35%
ON ON 65%

Publication 150-ATO01B-EN-P - April 2002



SMC-3™ Smart Motor Controfler

25

Table 2.F Soft Stop Table 2.| Overload Reset
DIP Switch Number DIP Switch Number
6 7 Setfing i3 Reset
OFF OFF Coast-to-rest OFF Manual
ON OFF 100% of start time ON Automatic
OFf ON 200% of start time
N N 300% of start time Tahle 2.J Auxiliary Refay #1
Tahle 2.6 Kick Start DIP Switch Number
14 Setting
BIP Switch Number OFF Normal
9 10 Time (seconds) ON Up-ta-speed
OFF OFfF OFF
N OFF 05 Table 2.K Optional Auxiliary Relay #2
o ON 10 DIP Switch Number
ON ON 15 - Setting
Table 2.H Overload Class Selection OFF Normal
ON Up-te-speed
DIP Switch Number
1 12 Trip Class Table 2L Phase Rotation Check
OFF OFF OFF DiP Switch Number
N OrF 10 16 Setting
OfF ON " OFf Enabled
ON ON 20 ON Oisabled
Figure 2.6 SMC-3 Sequence of Operation
- b Sof Stop
G 77N TioN A
3 Comstio Rest suited to the application and will meet
applicable standasds for operator safety
. on a particular machine.
Time
STARY Jr‘ RUN _ : STOP
Start _‘{"‘l & N1
¥ L
E-Slop / Coast o Rest | {
Stop Option ‘:i’_[ ']' iz
Normal _] i Y ;1314
Up-lO-Spw 13-14
-
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2-6 SMC-3™ Smart Motor Controller

Typical Wiring Diagrams

Two-Wire Configuration

{EC
r———70
I !
| R |
H3H2
HI S 4
~TC TRANS.
x2 x
A A e SRO []
|
~E1
E(Pom;
COMNECTIONS,
53~
E—SI’OPE f
~M TWO-
i
Al Oaz llm 'Lmz Ti‘f\jna Tj\_]“::
OVLD/FAULT AUX f1 !
SMC—3 COMTROL TERMINALS
NEMA
]
I I
I
b SMC-3
(POWER CONNE CTIONS)
H3 H2
H1 K H4e
E-STOP
T TRANS. GRD
x0 %2
TWO—WIRE
OEWICE
il
e S
r om A2 N1 Oin2 T97 Tss 13 14—:
I oVLD /FAULT ALY #1 |
| SMC+3 CONTROL TERMINALS I
L s e e e e o e _

Publication §50-ATO01B-EN-P - April 2002



SMC-3™ Smart Motor Controller  2-7

Typical Wiring Diagrams, Continued

Three-Wire Configuration
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Typical Wiring Diagrams, Continued

Isclation Contactor Configuration
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Typical Wiring Diagrams, Continued

Reversing Configuration

Note: Minimum Off time equals 1.0 second
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Applications
This section describes a few of the many SMC-3 controller applications.

Tilustrations arc included to help identify the particular application. Motor ratings are specified but this may vary in other typical
applications.

Typical applications include:

o Bridge cranes ® Material handling equipment
¢ Trolleys s Compressors

e Monorails ® Fans and pumps

e Shrink wrap machines o Lifts

o Ovethead doors o Flevators

e Conveyors

Figure 2.7 Pump with Soft Start

Ground Level 480V
— 25Hp
18.5 kW

Check Valve

Pump

Motor

Problem

A municipal water company was expetiencing problems with pump impellers heing damaged. The damage occurred during an
across-the-line start and was caused by the heavy shock to the impeller. The pumping station motor was over 100 feet below
ground, making repair costly. An additional concern was frequent line failures, which resulted in single-phasing the motor,

Solution

The SMC-3 controller was installed, providing a controlled acceleration of the motor. The shock to the impeller was reduced by
decreasing the torque during startup. The built-in overload saved panel space. The SMC-3 controller’s line diagnostics shut off the
motor after it detected the pre-start and running single-phase condition. This protected the pump from motor damage.
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Figure 2.8 Compressor with Soft Start

480Volis
25HP
£8.5kW

InletValve

Airfilter ——p——r

TurnValve

I i)
Kj D [l D D Motor

Problem

A compressor OEM shipped its equipment into overseas matkets. There were many different voltage and {requency requirements
to meet because of the compressor’s final destination. Due to power company requirements and mechanical stress on the
compressor, a reduced voltage starter was required. This made ordering and stocking spare parts difficult.

Solution

The SMC-3 controller was installed and set for a 15-second soft start, which reduced the voltage to the motor duting starting and
met the power company requirements. Reducing the voltage, also reduced the starting torque, which minimized the shock 1o the
compressor. The SMC-3 controller has 2 built-in overload feature which saved panel space.

Figure 2.9 Chiller with Soft Start

Condenser

Beils -

(= H )

1 i

Probiem

A belt-driven fan on a chiller was frequently breaking the helt because of high starting torque. Excessive downtime was incurted
because the housing had to be removed to replace the belt, A combination across-the-line starter was being used to control the
motor. Control panel space was limited. A device that used the same control and line voltages as the starter was required because

there was no room in the panel for a control circuit transformer.

Solution

The SMC-3 controller was installed as a retrofit to the chiller. It was set for an 10-second soft start to reduce the snap to the belts
as a result of the high starting torque. It also reduced belt “squealing” previously experienced during startup. Because the SMC-3
controller can operate with 240V control and line voitage, a control cireunit transformer was not required. The buile-in overload
protection on the SMC-3 controller further reduced the panel space required. The customer was able to retrofit the controller into

the existing panel space.
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Figure 2.10 Towline Conveyor with Soft Start

2407
15 Hp
11 kW
Chain
J Biox J J Box ! Conveyor
Motor Motor Malor
SHp 5Hp 5Hp

Problem

A towline conveyor in a freight house had three motors, that were effectvely “common shaft”, to drive the conveying system.
Across-the-line starts caused damage to the conveyor and spilled freight on the conveyor.

Solution

The conveyor OEM installed a single SMC-3 controller to provide a smooth acceleration to all three motors, reducing the statting
torque of the motors and the mechanical shock to the conveyor and load. The OEM liked the SMC-3 controller because of its
ahility to control three motors as if they were a single motor, eliminating the need for multiple soft starters,

Figure 2.11 Chain Conveyor with Soft Start

Bundle Bundig

Motor

Problfem

A chain conveyor was used to transport bundles of paper. The chain was breaking once per day because of high starting torque.
Maintenance of the convevor caused interruptions in the production schedule and lost productivity. Line surges were zlso a

frequent problem.

Solution

The SMC-3 controller was installed. A 10-second soft start was programmed, reducing the starting torque and the mecharnical
shock to the chain. It was estimated that the SMC-3 controllet paid for itself in one week, due to the reduced downtime. A line side

protective module (MOV) was installed to suppress the voltage transients.
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Figure 2.12 Chain Conveyor with Soft Start and Soft Stop Option
240v

2.2KW

Windshields

Problem

A chain conveyor was used to transport automobile windshields to a packaging area. The high starting torque would cause the load
to shift, damaging the windshiclds. The stopping of the conveyor also caused shifting problems when the load decelerated quickly.
An across-the-line starter was used in this application. Because the cost of downtime was high, a modular controller was required

for ease of maintenance.

Solution

The SMC-3 controller with enabled soft stop was installed, reducing the starting torque and decreasing the product shift on startup.
‘The soft stop extended the stopping time, bringing the conveyor to a smooth stop.

Figure 2.13 Bottle Filler with Soft Start and Soft Stop Option
480¥

1Hp
0.75 kW

Filler

Q @) @) @) D

Problem

A bottle filler line had product spillage during starting and stopping. An across-the-line starter was used to start the motor. In
addition, the application required an auxiliary contact that would energize when the motor was up to speed.

Solution

The SMC-3 controller was installed and programmed for a 10-second soft start with an 20-second soft stop. The controlled start
reduced the starting torque and consequently, the product spillage. The Soft Stop opticn extended the stopping time, smoothing
load shift while stopping. The auxiliary contacts were configured to change state when the motor was up to speed.
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Figute 2.14 Power Walk with Soft Start and Soft S1op Option

240V
158 Hp
11 RW

@ W

Mator

Problem

A power walk in an airport required a soft starc to prevent damage to the drive chain gearbox on startup. A soft stop was also
required in case the power walk would be shue off while people were on the belt. Several power walks were installed in the airport,
and each required its own soft starter. A controller that could be quicldy replaced and adjusted was required. Also, panel space was
lirnited.

Solution

The SMC-3 controller with soit stop was installed. An 10-second soft start and a 10-second soft stop were programmed into the
controller, facilitating a controlled start and stop. The built-in overload protection eliminated the need for a separate overload relay,
thereby saving panel space. In the event that a unit needed replacement, one could be quickly plugged in.

Figure 2,15 Towline Conveyor with Soft Start and Soft Stop

480V
15 Hp
11 KW

Pallel

Load Load
| | '
I | I |
Gearbox
Mator

Problem

A towline conveyor at the end of a production line had frequent damage to the gearbox caused by the starting torque from
across-the-line starting of the moror, There were also frequent spills during starting and stopping. This towline application had a
variety of starting requirements that other soft starters could not satisfy. Investing in a variable speed drive was not cost effective,

Solution

The SMC-3 controller was installed as a retrofit to the existing across-the-line starter. The starting and stopping times were
programmed for 10 seconds. The reduced starting torque decreased the shock to the geatbox and kept the load from shifting on
startup. The soft stop protected against loads shifting while stopping. ‘The SMC-3 controller met the starting requirements and was

a cost-effective solution.
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Chapter 3

SMC-Delta and SMC-3 Controller Special Application Considerations

Motor Overload Protection

When coordinated with the proper short circuit protection, ovetload protection is intended to protect the motor, motor controller,
and power wiring against overheating caused by excessive overcurrent, The SMC-Delia and SMC-3 controllers meet applicable

thuitements as a motor overload protective dCViCC,

The SMC-Delta and SMC-3 controllers incorporate, as standard, clectronic motor overload protection, This overload protection is
accomplished via CT monitoring all three phases.

The controller’s overload protection is programmable, providing the user with flexibility. The overload trip class is selectable for
OFF or a 10, 15, or 20 protection. The trip cutrent can be set to the motor full load current rating.

Thermal memoty is included to accurately model motor operating temperature. Ambient insensitivity is inherent in the electronic
design of the overload.

Reversing Contactors

By using the controller as shown in Figure 3.1, the motor accelerates under a controlled start mode in either forward or reverse.

Notas: e Minimum transition time for reversing is 1 second.

s Phase Reversal must be OFF.

Figure 3.1 Typical SMC-3 Applieation with a Single-speed Reversing Starter

—— F—I
— | He— 2
— t e
R'_ SMEC-3
—
H

Use of Protective Modules

A protective module (see Figure 3.2) containing metzl oxide vatistors (MOVs) and eapacitors can be installed to protect the power
components from electrical transients and/or electrical noise. The protective modules clip transients generated on the lines and
prevent such surges from damaging the SCRs. The capacitors in the protective modules are used to shunt noise energy away from

the SMC controller eleceronics.

ﬁ\
AN

)

Figure 3.2 Protective Module

Publication 150-ATOO18-EN-F - April 2002



32 SMEC-Delta and SMC-3 Controller Special Application Considerations

Use of Protective Modules, Continued

There are two general situations that may occur which would indicate the need for utilizing the protective modules.

1. Transient spikes may occur on the lines feeding the SMC controllers (or feeding the load from the SMC controllers).
Lightning can cause spikes. Spikes are also created on the line when devices are attached with current-carrying inductances
that are open circuited. The energy stored in the magnetic field is released when the contacts open the circuit. Examples of
these are lightly loaded motors, transformers, solenoids, and electromechanical brakes.

2. The second situation atises when the SMC controllers are installed on a system which has fast-rising wavefronts present,
although not necessarily high peak voltages. Lightning strikes can cause this type of response. Additionally, if the SMC
controllers are on the same bus as other SCR devices, (AC/DC drives, induction heating equipment, or welding equipment)
the firing of the SCRs in those devices can cause noise. This high frequency noise can penetrate the SMC controllers
through stray capacitance.

When installing or inspecting the protective module, disconnect
the controller from the power source, The protective module
should be checked petiodically. Inspect for damage or
discoloration. Replace if necessary.

Altitude De-rating

Because of the decreased efficiency of fans and heatsinks, it is necessary to de-rate the SMC-Delta and SMC-3 controllers above
2000 meters (6,560 ft). When using the controller above 2000 meters (6,560 ft), the controller amperage value will need to be
de-rated,

Isolation Contactor

When installed with branch circuit protection, SMC-Delta and SMC-3 controllers are compatible with the National Electric Code
(NEC). When an isolation contactor is not used, hazardous voltages are present at the load terminals of the power module even
when the coniroller is turned off. Warning labels must be attached to the motor terminal box, the controller enclosure, and the

control station to indicate this hazard.

The isolation contactor is used to provide automatic electrical isolation of the controller and motor circuit when the controller is
shut down. Shut down can occur in cither of two ways: either manually, by pressing the stop button, or autematieally, by the
presence of abnormal conditions (such as a motor overload relay trip).

Under normal conditions the isolation contacior carries only the load current. During start, the isolation contactor is
energized before the SCRs are gated “on.” While stopping, the SCRs are gated “‘off” before the isolation contacror is
de-energized. The isolation contactor is not making or breaking the load current.

Figure 3.3 Typical SMC-3 Connection Diagram with Isolaticn Contactor
IC

H L1/ iz
|
I

SMC-3
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Chapter g

SMC Product Line Applications Matrix

Description

Use this chapter to identify possible SMC-Delta and SMC-3 controller applications. This chapter contains an application matrix
which will identify starting and stopping characteristics that may be used in vatous applications.

Mining and Metals Petrochemical
SMC-Delta and SMC-3 Only SMC-Deita and SMC-3 Dnly
Applications SMC-3 Applications SMC-3
Current Soft Soft Cayrrent Soft Soft
Limit Start Stop Limit Start Stop
Roller conveyors X X Centrifuga! pumps X X
Centrifugal pumps X X Screw Conveyors X X
Fans b4 X Mixers X X
Bust collector X X Agitators X X
Chillers X X Compressors X X
Compressor X X Fans X X
Belt conveyors X X X
Slicer X X
Lumber and Wood Products
Water/Wastewater Treatment and Municipalities Applications SMCS-II‘]ne[!t-g and SMC-3 Only
[ t Soft
SMC.Deltaand | SMC-3 Only Limit sort | St
Applications SMC-3
Circular saw X X
Current Soft Soft
Limit Start Stap Edger X X
Centrifugal pumps X X Conveyors X X X
Fans X X Centrifugal X X
Lmps
Compressors X X pume
Compressors X X
Fans X X
Planers X X
Sander X X

Publication 150-ATQ01B-EN-P - April 2002



4-2  SMC Product Line Applications Matrix

Food Processing OEM Specialty Machine
SMC-Delta and SMC-3 Only SMC-Delta and SMC-3 Only
Applications SMC-3 Applications SMC-3
Current Soft Soit Current Soft Soft
Limit Start Stop Limit Start Stop
Centrifugal Pumps X X Centrifugal Pumps X X
Pallitizers X X Washers X X
Agitators X Conveyors X X X
Canveyors X X Power Walks X X X
Fans X X Fans X X
Bottle Washers X X Twisting/Spinning X X
Machine
Compressors X
Dryers X X
Shicers X
Transportation and Machine Tool
SMC-Delta and SMC-3 Gnly
Applications SMC-3
Pulp and Paper
Current Soft Soft
Limit Start Step
SMC-Delta and SMC-3 Only * "
. ) Matesial Handling X X X
Applications SMC-3 Conveyors
Current Soft Soft :
Limit Start Step Grinders X X
Compressors Y X Centrifugal Pumps X
Conveyors X X Trolleys X X
Trolleys X Fans X
Dryers X Palletizers X X
Agitators M Compressors X X
Centrifugal X Die Charger X
Pumps Rotary Table X
Mixers X
Fans
Re-Pulper
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Chapter

Design Philosophy

Philosophy

Allen-Bradley SMC controllers are designed to operate in today’s industrial environments, Qur controllers are manufactured to
provide consistent and reliable operation. Rockwell Automation has more than just an adequate soludon to meet your needs; we
have the #jght solution. With a broad offering of power device products and application sesvices, Rockwell Automation can
effeciively address the producavity issues most important to you.

Line Voltage Conditions

Voltage transicnts, disturbances, harmonics, and noise exist in any industrial supply line. A solid-state controller must be able to
withstand these noises and should not be an unnecessary source of generating noise back into the line.
¢ Ease of selection for the required Ene voltage is achieved with a design that provides operation over a wide voltage range,
at 50/60 Hz, within a given controller rating;

o The controller can withstand 3000V surges at a rate of 100 bursts per second for 10 seconds (IEEE Std. 472). Further, the
centroller can withstand the showering arc test of 350...1500V (NEMA Std. 1C52-230) for higher resistance to malfunction

in a noisy environment.
e An optonal MOV module is available to protect SCRs from voltage transients.

Current and Thermal Ratings

Solid-state controller ratings must ensure reliability under the wide range of current levels and starting times needed in various

applications.

o SCR packaging keeps junction temperatures below 125°C (257 °F) when ruaning at full-rated current to reduce thermal
stress and provide longer, more reliable operation.
¢ The thermal capacity of the SMC-3 and SMC-Delta controllers meet NEMA standards MG-1 and IEC34 (313,

¢ Open type operating temperature is (..50°C (32...122°F) and a de-rating chart is required for 60°C (140°F}. Storage
temperature is —25... +85°C (—13...185°F), Relative humidity is 5... 85% {non-condensing).

Mechanical Shock and Vibration
Solid-state controllers must withstand the shock and vibration generated by the machinery that they control.

o SMC-Delta and SMC-3 controllers meet the same shock and vibration specifications as electromechanical starters.
e Both products attain the desired requirements of 1.0 G vibration operational and 2.5 G vibradon non-operational.
» Both products attain the desired requirements of 15 G shock operational and 30 G shock non-operational.

Noise and RF Immunity

Both products meet Class A requirements for EMC emission levels.
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Altitude

Altitades up to 2000 meters (6560 {t) are permitted without de-rating, The products’ allowable ambient temperature must be
de-rated for altitudes in excess of 2000 meters {6560 ft). The allowable ambient temperature must be de-rated by -3°C (27°F) per
1000 meters (3280 {t), vp to a maximum of 7000 meters (23000 {t). Current tatings of the devices do not change for alitudes that
require a lower maximum ambient temperature.

Pollution

Both products are intended for a Pollution Degree 2 environment.

Set-up
Simple, easily understood settings provide identifiable, consistent results,

@ For ease of installation, the controllers include compact design and feed-through wiring.
o SMC-Delta and SMC-3 controllers are global produces rated at

50/60 Hz.
¢ All parameter adjustments are made via DIP switches.

o A full line of enclosures is available,
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Chapter 5

Reduced Voltage Starting

Introduction to Reduced Voitage Starting
There ate two primary reasons for using reduced voltage when starting a motor:

e Limit line distutbances
s Reduce excessive torque to the driven equipment

The reasons for avoiding these problems will not be described. However, different methods of reduced voltage starting of motors
will be explored.

When starting a motor at full voltage, the current drawn from the power line is typically 600% of normal full Joad current. This
high current flows until the motor is almost up to speed and then decreases, as shown in Figure 6.1. This could cause
line voltage dips and brown-cuts.

Figure 6.1 Full Load Current vs. Speed

600 —

500 —

% 400 -1
o 00—

Current 200) !

100 —

0 % Speed 100

In addition to high starting currents, the motor alsc produces starting torques that are higher than full load torque. The magnitude
of the starting torque depends on the motor design. NEMA publishes standards for torques and currents for mator manufactuters
to follow: Typically, a NEMA Design B motor will have a locked rotor or starting torque in the area of 180% of full load torque.

In many applications, this starting torque can cause excessive mechanical damage such as belt, chain, or coupling breakage.
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Reduced Voltage

The most widely used method of electromechanical reduced voltage starting is the autotransformer. Wye-delta (Y-A), also teferred
t0 as star-delta, is the next most popular method.

Figure 6.2 Bulletin 570 Autotransformer

All forms of reduced voltage starting affect the motor current and torque characteristics. When a teduced voltage is applied to a
motor at rest, the current drawn by the motor is reduced. In addidon, the torque produced by the motor is a factor of
approximately the square of the percentage of voltage applied.

For example, 1f 50% voltage 1s applied to the motor, a starting torque of approximately 25% of the normal starting torque would be
produced. In the previous full voltage example, the NEMA Design B motor had a starting torque of 180% of full load torque. With
only 50% voltage applied, this would equate to approximately 45% of full load torque. See Table 6.A for the typieal

relationship of voltage, current, and torque for a NEMA Design B motor.

Table 6.A Typical Voltage, Current end Torque Characteristics for NEMA Design B Motors

Motor Starting Line Current Motor Starting
Starting % Voltage at | Current as a % of: as a % of: Torque as a % of:
Method Motor

Tarminals Locked Full Locked Full Locked Full

Rator Load Rotor toad Rotor Load

Current Curreat Current Current Torgue Torque:
Ful! Voltage 100 100 600 0D 600 100 180
Autotrans.
80% tap 80 80 480 64 384 64 115
65% tap 69 65 380 Ly 252 42 76
50% tap 50 50 300 25 150 25 45
Part winding 100 65 390 65 340 50 o
Wye-delta 100 13 198 33 198 33 60
Solid-state 0...100 D...100 G...600 0...100 0...600 0...100 0...180

With the wide range of torque characteristics for the various starting methods, sclecting an electromechanical reduced voltage
starter becomes more application dependent. In many instances, available torque beeomes the factor in the selecton processes.

Limidng line current has been a prime reason in the past for using electromechanical reduced voltage starting. Utility current
restrictions, as well as in-plant bus capacity, may require motors above a certain hotsepower to be started with reduced volage.
Some areas of the world require that any motor above 7-1/2 Hp be started with reduced voltage.

Using reduced voltage motor starting also enables torque control. High inertia loads are a good example of an application in which
electromechanical reduced voltage starting has been used to control the acceleration of the motor and load,

Electromechanical reduced voltage starters must make a transition from reduced voltage to full voltage at some point in the starting
cycle. At this point, there is normally a line current surge. The amount of surge depends upon the type of transition being used and
the speed of the motor at the transidon point.

Publication 150-AT001B-EN-P - April 2002



Reduced Voltage Starting  6-3

There are two methods of transition: open circuit transition and closed circuit transition. Open circuit transition means that the
mator is actually disconnected from the line for a brief period of time when the transition takes place. With closed transition, the
motor remains connected to the line during transition. Open circuit transition will produce a higher surge of current because the
motor is momentarily disconnected from the line. Examples of open and closed circuit transition currents are shown

in Figure 6.3 and Figure 6.4.

Figure 6.3 Dgen Circuit Transition

Figure 6.4 Closed Circuit Transition
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The motor speed can determine the amount of cuzrent surge that oceurs at transition. Transfer from reduced voltage to full voltage
should occur at as close to full speed as possible. This alse minimizes the amount of surge on the line.

The following figures illustrate transition at low motor speed and near full speed. The transition at low speed shows the current
surge as transition oceurs at 550%, which is greater than the starting current of 400%. The transition near full speed shows that the

current surge is 300%, which is below the starting current.

Figure 6.5 Transition at Low Speed
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Figure 6.8 Transition near Full Speed
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Solid-state

The main function of solid-state controllers is their ability to provide a soft start or stepless reduced voltage start of AC motors.
The same principles of current and torque apply to both electromechanicz] reduced voltage starters and solid-stare controllers,
Many solid-state controllers offer the choice of four starting modes: soft start, current limit start, dual ramp start, or full voltage
start in the same device.

Figure 6.7 SMC-Delta and SMC-3 Controllers

g agts

]

SMC-3

In addition to selecting the starting modes, the solid-state controller allows zdjustment of the time for the soft start ramp, or the
current limic maximum value, which enzbles selection of the starting characteristic to meet the application. The most widely used
version is the soft start. This method provides a smooth start for most applications.

The major advantages of solid-state controllers are the elimination of the curtent transition point and the capability of adjusting the
time to reach full voltage. The resultis no large current surge when the solid-state controller is set up and correctly matched to the
load, as illustrated in Figure 6.8.

Figure 6.8 Soft Start
Run
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|
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Reduced Voltage Starting 68

Current limit starting can be used in situations in which power line limitations or restrictions require a specific current load. The

next illustration shows a 350% current limit curve. Other values may be selected, such as 150%, 250%, or 350%, depending on the
particular application. Current limit starting is also used in applications where higher starting torque is recuired compared to a soft
start, which typically starts atless than 300% current. Cirrent limit starting is typically used on high inertia loads, such as ball mills,

Figure 6.9 Current Limit Start

B00—t ------- -
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Features available with solid-state controllers inchide additional protection to the motor and controller, and diagnostics to aid in
set-up and troubleshooting. Protection typically provided includes shorted SCR, phase loss, open load, SCR over-temperature, and
jammed motor. Appropriate fault messages are displayed to aid in troubleshooting when one of these faults trip ost the solid-state

reduced voltage controlier.
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Notes:
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Solid-state Starters Using SCRs

Solid-state Starters Using SCRs

In solid-state starters, silicon controlled rectifiers (SCRs - See Figure 7.1} are used to control the voltage output to the motor.

A SCR allows current to flow in one direction only. The amount of conduction of a SCR is controlied by the pulses received at the
gate of the SCR, When two SCRs are connected back to back (See Figure 7.2), the AC power to a load can be controlled by
changing the firing angle of the line voltage (See Figure 7.3) dusing each half cycle. By changing the angle, it is possible to increase
or decrease the voltage and current to the motor. The SMC controllers incogporate a microptocessor to control the firing of the
SCRs. Six SCRs are used in the power section to provide full cycle control of the voltage and current. The voltage and current can
be slowly and steplessly increased 1o the motor.

This chapter uses NEMA design B motors as a basis for the
information that it describes.

High efficiency motors with a locked rotor torque between
8...10 and initial surge 0f 16...24x are more than NEMA Design
B motors. Use caution when applying motors other than NEMA
design B types.

Figure 7.1 Silicon Controlled Rectifier (SCR) Figure 7.3 Different Firing Angles {Single-phase Simplification)

Gate /\
Supply
Voltage \/

SCR

Figure 7.2 Typical Wiring Diagram of SCRs Firing for | .** {\ /1_\
Approx. | !

50% RMS 1/
Power input Voliage .
3-Phase o ¢

L1 T

L2 [ 72 Firing for I N N
Moior 25% RMS V
—<— Voitage » )
S
]l
A
13 ke 13
——
Firing for
I 100% RMS
Voltage \/
SMC-3 and SMC-Delta Controller

Power Section
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Notes:
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Chapter

Reference

Introduction

Certain mechanical parameters must be taken into consideration when applying motor controllers. The following section explains
these parameters and how to calculate or measute them.

Motor Qutput Speed/Torque/Horsepower

The speed at which an induction motor operates depends on the input power frequency and the number of poles for which the
motor is wound. The higher the frequency, the faster the motor runs. The more poles the motor has, the slower it runs. To
determine the synchronous speed of an induction motor, use the following equation:

.. 60 x 2 x Frequenc
Synchronous Speed = gt s

Actual full-load speed (the speed at which the motor will operate at nameplate rated load) will be less than synchronous speed. This
difference between synchronous speed and {full-load speed is called slip. Percent slip is defined as follows:

Synchrencus Speed — Full Load Speed

Synchronous Speed > 100

Percent Slip =

Induction motors are built with slip ranging from less than 5% 1o as much as 20%. A motor with 2 slip of less than 5% is called a
normal slip motor. Motors with a stip of 5% ot mote are used for applications requiring high starting torque.

Torque and Horsepower

Torque and horsepower, two important motor characteristics, determine the size of the motor requited for a given application. The
differenee berween the two can be explained using a simple dllustration of a shaft and wrench.

Figure 8.1 Shaft and Wrench

Torque is merely a turning effort. In the previous illustration, it takes one
pound at the end of the one foot wrench to turn the shaft at a steady rate.
Therefore, the torque required is one pound X one foot, or one ft-Ib. If the
wrench were turned twice as fast, the torque required would remain the same,

provided it is turned at a steady rate.
~— One Pound
Horsepowet, on the other hand, takes into account how fast the shaft is

rurned. Turning the shaft rapidly tequites mote horsepower than turning it
slowly. Thus, horsepower is a measure of the rate at which work is done. By
definiton, the relationship between totque and horsepower is as follows:

1 horsepower = 33,006 ft-lbs/min

In the above example, the one pound of force moves a distance of:
2ftxmx1lb  or 6.68fbs

To produce one horsepower, the shaft would have to be turned at a rate of:

1 Hp x 33,000 ft-lbs/min
.28 fi-lbs/revolution

= 5,250 rpm

For this relationship, an equation can be derived for determining horsepower output from speed and torque.

_ bm x 2 x Terque rpm x Torgue
Hp 30,000 or 5050

For this relationship, full-load torque is:
Hp x 5,250

Full-load Torque in ft-lbs = & 0 o rom
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3-2 Reference

The following graph illustrates a typical speed-torque curve for a NEMA Desiga B induction motor. An understanding of several
points on this curve will aid in properly applying motors.

Figure 8.2 Speed Torque Curve
Synehronous Speed Locked-Roter Torque (LRT)

Breakgown Torque - 8T |
\ Locked-rotor torque is the torque which the motor will develop ar rest
Locked Rotor Torque - LRT, fi 1 I s £th ith N
or all angular positions of the rotor, with rated voltage at rated
frequency applied. It is sometimes known as “starting torque’” and is
usually measured as a percentage of full-load torque.

%
of
Pull Up Torque - PUT
Full
\oai ! Pull-Up Torque {PUT)
Torque
Pull-up torque of an inductjon motor is the minimum torque developed

during the petiod of acceleration from locked rotor to the speed at which

Full Loag Torque - FLT breakdown torque occurs. For motors that do not have definite

breakdown torque (such as NEMA Design D), pull-up torque is the
minimum torque developed, up te rated full-load speed, and is usually

Fult Speed—-—-—/ d k ) P P P ’
expressed as a percentage of full-load torque.

Breakdown Torque (BT)

The breakdown torque of an induction motor is the maximum torque the motor will develop with rated voltage applied, at rated
frequency, without an abrupt drop in speed. Breakdown torque is usually expressed as a percentage of full-load torgue.

Full-load Torque (FLT)

The full-load torque of a motor is the torque necessary to produce its rated horsepower at full-load speed. In foot-Ibs, it is equal to
the rated horsepower, multiplied by 5250, divided by the full-load speed in tpm.

In addition to the relationship hetween speed and torque, the relatdonship of current draw to these two values is an important
application consideration. The speed/torque curve is repeated below, with the curtent curve added, to demonstrate a typical
relationship.

Figure 8.3 Speed Torque Curve with Current Curve

Locked Rotor Synehronous Spese ‘I'wo important poiats on this current curve requite explanation.
Current \
Breakdown Torque - BT

Fuil-load Current

t
|
'
:
| The full-load current of an induction motor is the steady-state current
taken from the power line when the motor is operating at full-load
torque with rated voltage and rated frequency applied.

%
of
Full
Loag
Torque

Pull Up Torque - PUT

Locked-rotor Current

Locked-rotor current is the steady state current of a motor with the
rotor locked and with rated volrage applied at rated frequency. NEMA
has designed a set of code letters to define locked-rotor:
'_"“““""";l;l;;e_e; ______ ~ kilovolt-amperes-per-horsepower (kVA/Hp). This code letter appears
on the nameplate of all AC squirtel-cage induction motors.

Full-load Torque - FLT

Full-load Current——p!
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kVA per Horsepower is Calculated as Follows:

For three-phase motors:

. 1.73 x Current (in amps} x Yolts
KVAHp 1,000 % Hp

For single phase motors:
_ Cusrent (in amps} x Velts

KVHp = 1,000 x Hp
Tahle B.A NEMA Locked-Rotor Current Code Letters

Letter kVA/Hpo Letter kVA/Hpo Letter kVA/Hpo Letter k¥A/Hpo Letter kVA/Hpo

Designator Designater Designator Designater Designator
A 0...315 E 45,50 J 71...80 N 11.2...125 T 18.0...20.0
B 3.15...355 F 50...58 K 8.0...90 P 12.5...140 U 200...224
C 3.55...40 G 56...63 L 90...10.0 R 14.0...16.0 Y 224 and up
1] 40..45 H 6.3...71 M 100..12 S 16.0...180

© Locked-rotor kKVA/Hp range includes the lower figure up to, but not inciuding, the higher figure li.e., 3.14 isietter "A” and 3.15 is ietter "8"].

By manipulating the preceding equation for kVA/Hp for three-phase motors, the following equation can be used for calculating

locked-rotor current:
- 1,000 x Hp x kVA/Hp

tRA 1.73 x Volts
This equation can then be used to determine the approximate starting current of any particular motor. For instance, the
approximate starting current for 7-1/2 Hp, 230 volt motor with a Jocked-rotor kVA code letter of G would be:
1000 x75x6.0 _

RA = —————— =

1.73 %230 134

Operating a motor in a locked-rotor condition for an extended period of time will result in insulation failure because of the
excessive heat generated in the stator. The following graph illustrates the maximum time a motor may be operated at locked-rotor
without incurting damage caused by heating. This graph assumes a NEMA Design B motor with Class B temperature rise,

Figure 8.4 Motor Safe Time vs, Line Current - Standard Induction Motors

From Operatlng

Temperature
8 )
From Ambient

§
Hstor s Motor protection, either inherent or in the motor control, should be
Armps WMotor Stalled selected to limit the stall time of the motor.
Unit @

1.75 Serv. Facior
Wntor
2
Maior Running
i 1.0 Serv Factor ="
Moter
o i
10 15 20 1000 2000 7000

Timg in Seconds

O Base Amps and Namepiale Amps.
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Calculating Torque (Acceleration Torque Required for Rotating Motion)

Some machines must be accelerated to a given speed in a certain period of time. The torque rating of the drive may have to be
increased to accomplish this objective. The following equation may be used to calculate the average torque required to accelerate a
known inertia (WIK2). This torque must be added to all the other torque requirements of the machine when determining the drive
and motor’s required peak torque output.

T Wi < (AN)
308 x t

Whare:
T = Acceleraticn Torque {ft-1h)

WKzztoya! system inertia (ftJh) that the motor must accelerate.
{This value includes motor armature, reducer, and Jead.)

AN = Change in speed required {rpm)
t = time to accelerate total system load (seconds.
Consult the conversion tables Jocated at the end of this chapter, if required.

The same formula can be used to determine the minimum acceleration time of a given drive, or it can be used to establish whether
a drive can accomplish the desired change in speed within the requited time petiod. The transposed formala is:

_ WK x (AN)
308 x t

General Ruls:

If the running torque is greater than the accelerating torque, use the running torque as the full-load totque required to determine

the motor horscpower.

Calculating Horsepower

The following equations for caleulating horsepower are meant to be used for esiimating purposes only. These equations do not
inelude any allowance for machine friction, winding or other factors that must be considered when selecting a device for a

machine application.
After the machine torque is determined, the reguired horsepower is calculated using the formula:

_ TxN

Ho = =550

Where;

Hp = Horsepower

T=Torque (ft1h)

N = Speed of motor at rated oad {rpm)

If the calculated horsepower falls between standard available motor ratings, seleet the higher available horsepower rating, It is good
practice to allow some margin when seleeting the motor horsepower.

Inertia

Inertia is 2 measure of the body’s resistance to changes in velocity, whether the body is at rest ot moving at a constant velocity. The

velocity can be either linear or rotational,

The moment of inertia (WK?) is the produet of the weight (W) of an object and the square of the radius of gyration (K2), The
radius of gyration is a measure of how the mass of the object is distributed about the axis of rotation. Because of this distribution
of mass, a small diameter cylindrical part has a much lower inertia than a large diameter part.
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Inettia, Continued

Torgue Formulas

AC Motor Formulas

WikZ or WR?
Where:
wr? refers to the inertia of a rotating member that was calculated by assuming the weight of the
object was concentrated argund its rim at a distance R (radiug] from the center {e.g., flywheel).
wk? refers t0 the inertia of & rotating member that was calcutated by assuming the weight of the
ohject was concentrated at some smaller radius, K {termed the radius of gyration). To
determine the WKZ of a part, the weight is normally required {e.q., cylinder, pulley, gear).

_ Hpx 5250
T= N

Where:

T =Torque {ft-In}

Hp = Horsepower

N = Speed of motor at rated load {rpm)

T=FxR
Where:
T =Torque {ft-lh)
F = Force (ths)
R = Radius {ft)

2
T {Accelerating) = W

Where:

T =Torque {ft-Ib)

WK = Inertia reflected to the Motor Shaft {ﬂvlbz)

A rpm = Change in speed

t=Time o accelerate {seconds)

Note: To change fl-1b? to in.-1b-s% Divide by 2.68 To change in.-Ib-s to ft-1hZ Multiply by 2.68

_ Fregxi20
Syne Speed = Number of Poles

Where:
Sync Speed = Synchronous Speed (rpm}
Freq = Frequency {Hz)

% Slip = Sync Speed ~ FL Speed « 100

Sync Speed
Where:

FL Speed = Fult Load Speed (rpm)
Sync Speed = Synchronaus Speed {rpm)

2
WK™ of Load
Reflected W2 = —os OTLoad)

(Reduction F{a'(ic))2
Where:
WK = Inertia (ft-1%)
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Torque Characteristics on Common Applications

This chart offers a quick guideline on the torque required to breakaway, start and run many common applications.

Tanhite 8.B Torque Characteristics

Load Torque as Percent of

Load Torque as Percent of

Application Fuil Load Drive Torque Application Fuil Load Drive Torque
Break- | Accei- | Peak Break- | Accel- | Peak
away | erating | Run away | erating | Run

Agitators: Jointers, woodworking 50 125 125

g',‘ﬂfﬁ}ﬁ O Machines, bottfing 150 50 100

Biowers, centrifugal: Machines, buffing, automatic 50 75 100

Vel Llosed S B TS B Machines, cinder-blosk, vibrating w0 | B0 | 70

Blowers, positive-displacement, rotary, | 40 40 100 Machines, keyseating 2 50 100

bypassed Machines, polishing 50 75 100

Card machines, texiile 100 110 100 Mills, flour, arinding 50 75 100

Centrifuges (extractors) 40 60 125 Milfs, saw. band 50 75 200

Chippers, wood, starting empty 50 40 200 Mixers, chemical 175 75 100

Compressors, axial-vane, {oaded 40 100 100 Mixers, concrete 40 50 100

Sr?;'gg[rieesdsors, reciprocating, start 100 50 100 Mixers, dough 175 125 100

Conveyors, belt (foaded) w0 | 130 | 100 Mixers, liquid L L L

Canveyors, drag lor apron] 75 150 100 Mixers, sand, centrifugal 50 100 100

Conveyors, screw (ioaded} 175 100 100 Mixers, sand. screw 78 00 100

Conveyors, shaker-type {vibrating) 150 150 75 Mixers, sturry 50 i 100

Draw presses (flywheel) 50 50 200 Mixers. solids i i 17

Drill presses 75 P 0 Planers, wocdwerking 50 125 150

Escalators, stairways (starting 50 75 100 Presses, pellet fflywheel) 50 75 150

unloaded) Presses, punch (flywheel) 150 75 100

Fans, \(jaelrbtéigfgséa ampient: - 60 ” Pumps, adjustable-blade, vertical 50 40 125

Vaive open 25 110 100 Pumps, centrifugal, discharge open 40 100 100

Fans, centrifugal, hot: Pumps, oit-field, flywheet 150 200 200

3::52 gi;:ﬁd %g 25[?0 }gg Pumps, oil, lubricating 40 150 150

Fans, propelier, axial-flow 40 110 100 Pumps, oil fuel 40 150 150

Feeders, {belt) loaded 100 120 100 Pumps, propeiler 40 100 10

Feeders, distributing, osciating drive 150 150 100 S:anglgsc'e[riceiﬁtmcaﬁng' positive 175 30 175

Feeders, screw, compacting rolls 150 100 100 Pumps, serew-type, primed, discharge 150 100 100

Feeders, strew, filter-take 130 100 100 cpen

Feeders, screw, dry 175 100 100 Pumps, Sturry-handling, discharge 150 100 100

Feeders, vibrating, moter-driven 150 150 100 opern - -

S —— = o i Pumps, turbine, centrifugal, deep-well 50 100 100

R " m - Pumps, vacuum {pager mill service) 60 100 150

rarars Taundry (manaiod = o — Pumps, vacuum {other applications) a0 60 100
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Tabie 8.B Torgue Characteristics, Continued

Load Torque as Percent of

Application Full Load Drive Torque
Break- | Accel- | Peak
away | erating | Run

Pumps, vane-type, positive 150 150 175

displacement

Rolls, crushing {sugar cane) 30 50 100

Rolis, flaking 30 30 100

Sanders, woodwaorking, disk or belt 30 50 100

Saws, band, metalworking K] 50 100

Saws, circular, metal, cutoff 25 50 150

Saws, circular, woed, production 50 30 150

Saws, edger (see edgers}

Saws, gang 60 30 150

Screens, centrifugal {centrifuges) 40 60 125

Screens, vibrating 50 150 70

Separators, air {fan-typel 40 160 100

Shears, fiywheel-type 50 50 120

Textile machinery 150 100 30

Walkways, mechanized 50 50 100

Washers, laundry 25 75 100
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Notes:
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Roll Test Data Report

Lining Technology, Inc

Sales Order No. Project Number Customer Name Project Location Product Name Report Dare
47539 520721 Nilex Canada HODEOB0QALQQ 7/8/2009
A LT
ASTM D 5!73 4 ASTAS DSS5.Type 147 £rsdy3 ASTRID 1904 ASTM B ¢8)3  ASTM D 305 ASTA D 4218/14d0 ASTHM [ 55%8

Avervge & las.;m-“_ T Strerwth Ml Swergth  TD Siecmpd MU Stcagth T Elongation M1 tlomgaran 111 Elepsioon Mi1 Elungarion FU fear M Tear Faom wry Carbun Rlick Carbon Black

Fhuchross ** Thickwess 6@ Feld w hid @ Beesk @ Hrock @ Voeld w Ftd ti Heeak  Brewt Brnstanc e Feununee Ko sisnane Ix s Content flrapeetan

frulzy ity to) {rpti i fppd b i fat fi iths) ithil ithei et et Ferws n Card - Cat>
Roll Na. every rall every Sak R = i s coen Sth corm ik iom Stk ven Sth rens b
101119380 81 75 215 198 422 419 18 20 904 885 64 €3 171 0.946 2.61 10
101119381 81 77 217 211 416 430 17 19 902 868 65 68 177 0.945 250 10
101114382 81 76 217 211 416 430 17 19 902 B68 65 68 177 0.945 2.50 10
101119383 81 77 217 211 418 430 17 19 902 868 €5 c8 177 0.945 2.50 10
101119384 a1 77 217 211 416 430 17 19 902 868 €5 68 177 0.945 2.50 10
101119385 81 . 78 217 211 416 430 17 19 902 868 65 68 177 0.945 2.50 10
101119386 81 = 77 219 209 421 404 17 19 887 819 64 67 179 0.944 2.71 10
101119387 81 76 219 209 421 404 17 19 887 819 64 67 179 0.944 2.7 10
101119388 81 80 219 209 421 404 17 19 887 819 64 €7 178 0.944 2.71 10
101119389 81 77 219 209 421 404 17 19 887 819 64 67 179 0.944 2. 10
101119380 é1 80 219 209 421 404 17 19 887 819 64 67 179 0.944 2.71 10
101419391 82, 81 211 203 415 390 21 19 897 819 62 64 177 0.945 2.58 10
101119392 8... 79 211 203 415 390 21 19 ag7 819 €2 €4 177 0.945 2.58 10
101118393 81 79 211 203 45 390 21 19 897 819 62 64 177 0.945 2.58 10
101119394 81 81 211 203 415 390 21 19 897 819 62 64 177 0.945 2.58 10
101119395 a2 79 211 203 415 380 21 19 897 g19 62 64 177 0.945 2.58 10
101119336 81 78 220 206 414 421 17 20 855 848 64 68 173 0.945 2.66 10
101119397 82 77 220 206 414 421 17 20 855 848 64 68 173 0.945 2.66 10
101119368 82 79 220 206 414 421 17 20 855 848 64 €8 173 0.945 266 10
101119399 a2 80 220 208 414 421 17 20 8B5S 848 64 68 173 0.945 2.66 10
101119400 81 79 220 206 414 421 17 20 855 848 64 68 173 0.945 2.66 10
101118401 81 79 209 194 397 394 18 21 857 813 €4 68 177 0.944 2.40 10

Laboratory Manager: C}“‘- a‘l’&""

This test report shall not be reproduced, except in full, withoul written approval of the laboratory.

19103 Gundie Road - Houston, Texas 77073
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Lining Technology, Inc

Roll Test Data Report

Laboratory Manager: C}l“- &w«.«

This test report shall not be reproduced, exceptin full, without written approval of the laboratory.

18103 Gundle Road - Houston, Texas 77073

Sales Order No. . Projeci Number Cusiomer Name Project Location Product Name Report Date
248519 521208 Layfield Enviranmental NT, Canada HDEOBOADOO 718/2009
Systems
aé;'rﬂiﬂ'!l'"l ASTM D58 Typr (V7 Doy ATYM D ioed ASTM D 4553 ASTH D [3905  ASTM D 421471608 ASTA D S3va
Average 7 : a;lximum TI3 Strengsh  MP Strength Tl Strengih MO Siemph TDEL AT i T Efung A7 Eh iz tia MP3 Trur T s Carbern Hiook Cartesn Blavk
Thieknenx J’Js.:'r-l:w:! w Yield i Fircld (4 Break ta Hreak e Yield i Yueld @ direak ¢ Herak Keprriarer Keidictgnar Resstance 1 henity Cantygal Dupeciian
fmilst frnfaj 1l trpti et frm} e o e o 1ty i gty teeeet e Views an Cail - Cai2

Roli No, every ol every 47k coen dth every 4ih every dih eorn, il crem dih
101120157 a3 78 208 194 404 366 17 18 866 764 65 71 173 0.945 2.78 10
101120159 a2 78 208 194 404 366 17 18 866 764 65 71 173 0.045 2.41 10
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Lining Technology, fnc

Roll Test Data Report

Sales Order No. Projece Number Customer Name Project Location Product Name Report Dare
45429 520174 Newmaont Battle Mountain, NV LLDO8OALDO 7/812008
v
AS,?'HD sigr ASTM DEIS. Type 8% 1 DALRE ASTH D gl ASTM D431 ASTH D IS0F ASTM D 4718/7481 ASTM I 5594
Average Mintmum TL Srenpth MB Steonptk FD Elunganon MU Livnyains T Tear M Fear Furs bwre Carbon ik Carbun Alack
Pruckwrs - ?K:rb;-u (@ Breat & Break @ Heeal Rianrence Restriance Resistance Benniny Caniens Disperyian
fmilss e pads) 7] (] tika fikxs Hpah {see) i Pieva sn Uath - Us1]

Rodl No rrery ol rrery Yeh cven dih coery Sth [ [
101119368 81 77 460 1125 50 48 145 0.93 2.55 10

l.aboratory Manager: Q““(

N

This test repor shall not be reproduced. except in full, without written approvat of the laboratory.

19103 Gundle Road - Houston, Texas 77073

GSE-5.2.4-029 Rev-—(
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seomembrane Products

1.0 INTRODUCTION
This manual provides an overview of the GSE Installation Quality Assurance procedures consistent with
industry accepted practices to ensure that the geomembrane products installed will perform for its
intended purpose. In addition, all installation work will be performed in strict accordance per the
customer’s specifications. Please read the procedures below completely before you begin. If you need
further clarification, contact the GSE Instailation Department for assistance. Remember safety first and use

safe practices always on every project.

2.0 STANDARD TEST METHODS
ASTM D 6392: Standard Test Methods For Determining The Integrity Of Non-Reinforced
Geomembrane Seams Produced Using Thermo Fusion Methods

ASTM D 5820: Standard Practice For Pressurized Air Channel Evaluation of Dual Seamed
Geomembranes

ASTM D 5641: Standard Practice For Geomembrane Seam Evaluation By Vacuum Chamber

ASTM D 6497: Standard Guide For Mechanical Attachment of Geomembrane to Penetrations
or Structures

ASTM D 7240: Standard Practice for - Leak Location using Geomembranes with an Insulating Layer in
Intimate Contact with a Conductive Layer via Electrical Capacitance Technique
{Conductive Geomembrane Spark Test)

GRI Standard GM13: Test Properties, Testing Frequency and Recommended Warranfy for High
Density Polyethylene {HDPE) Smooth and Textured Geomembranes

GRI Standard GM14: Selecting Variable Intervals for Taking Geomembrane Destructive Seam
Samples Using the Method of Attributes

GRI Standard GM17: Test Properties, Testing Frequency and Recommended Warranty for Linear
Low Density Polyethylene {LLDPE) Smooth and Textured Geomembranes

GRI Standard GM19: Standard Specification for Seam Strength and Related Properties of
Thermally Bonded Polyolefin Geomembranes

3.0 MATERIAL DELIVERY
A. Upon arrival on site, the GSE QA personnel will inventory all materials on the job site.

B. Roll numbers of geomembrane will be logged on the Inventory Check List {Appendix A) and cross-
referenced with the Bill of Lading for materials supplied by GSE.

C. Copies of the Inventory Check List and signed Bill of Lading should be sent to the GSE's corporate
headquarters while the QA personnel retains the original copies.

1

. E B This information & provided for reference purposes only and ks notintended as a warrargy o/ guarantes, GSE assumes no liabflity In connection with the use of this inforrution.
gseworld com Specifications subject 1o change with out notice,
L ]
GSE #nd othar trademarks In this document are segistered rademarks of GSE Lining Tachaolagy, LLC In the United States and certain foreign countries.
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4.0

5.0

D. Any visible damage to roll materials should be noted on the roll and Inventory Check List.

EARTHWORK
A. The general contractor is responsible for preparing and maintaining the subgrade. The subgrade

should be prepared and maintained per the job specifications.

B. The GSE site manager shall be responsible for assuring that the subgrade surface has been properly
prepared for deployment of geosynthetics. Affer each day's deployment the Subgrade Surface
Acceptance form (Appendix B) will be signed by all parties.

PANEL PLACEMENT
A. Each panel will be assigned a number as described below.
1. When there is one layer, panels may be designated with only a number, i.e...1, 2, 3, 4 etc.

2. When two or more layers are required, use a letter and number, i.e....
Primary Liner P1, P2, P3, P4 efc...
Secondary Liner S1, S2, 53, 54 efc...
Tertiary Liner T1, 72, T3, T4 etc...

B. This numbering system should be used whenever possible. Agreement to a panel numbering system
should be made at the pre-construction meeting. However, it is essential that GSE and the owner
representative and third party QA inspector agree.

C. Panel numbers shall be written in large block letters in the center of each deployed panel. The roll
number, date of deployment and length (gross) should be noted below the panel number. All notes
should be made, so that they are easily visible from a distance. On long panels it is beneficial to
write information on both ends.

D. Panel numbers shall be logged on the GSE Panel Placement Log [Appendix C) along with the roll
number and other information neccessary to complete the form.

E. If there is a partial roll left after deployment, it is important to write the last four digits of the roll
number in several locations on the roll along with the estimated length for future identification.

F. Deployment of geomembrane panels shall be performed in a manner that will comply with the follow-
ing guidelines:

1. Unroll geomembrane using methods that will not damage geomembrane and will protect underly-
ing surface from damage. GSE Conductive should be installed with Conductive layer facing
down.

2. Place temporary ballast, such as sangbags, on geomembrane that will not damage the geomem-
brane and to prevent wind uplift.

3. Personnel walking on geomembrane shall not engage in activities or wear shoes that could
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damage it. Smoking is not permitted on the geomembrane.

4. Do not allow heavy vehicular traffic directly on geomembrane. Rubber tred and tracked ATV's
and equipment are acceptable if contact pressure is less than 8 psi.

a. Protect geomembrane in areas of heavy traffic by placing protective cover over the geomem.-
brane.

b. Prior to driving on any geomembrane layer, please check for sharp edges, embedded rocks,
or other foreign objects that may protrude in the tires and tracks.

c. Path driven on geomembranes shall be as straight as possible with no sharp turns, sudden
stops or quick starts.

d. Areas where driving occurs shall be continuously and thoroughly inspected throughout the
deployment process by the contractor and the third party CQA.

6.0 TRIAL WELDS
A. Seaming apparatus shall be allowed to warm up a minimum of 10 minutes before performing trial

welds.

B. Each seaming apparatus along with GSE welding technician will pass a trial weld prior to use. Trial
welds to be performed in the morning and afterncon, as a minimum, as well as whenever there is a
power shutdown.

C. Fusion or wedge welds will always be performed or conducted on samples at least 6.0 ftlong. Extru-
sion welds will be done on samples at least 3.0 ft long.

Note: Always perform frial welds in the same conditions that exist on the job. Run the trial welds on
the ground, not the installed liner. Do nof use a wind break unless you are using one on the job.

D. Operating temperatures should be monitored while welding. The welding technician should verify
that the equipment is capable of maintaining temperature while welding.

E. Sampling Procedure
1. Cutfive 1.0 in wide specimens from the trial weld sample. Specimens will always be cut using
a 1.0 in die cutter, so the peel values may be used for qualitative analysis.

2. When cutting coupons from the trial weld samples, the inside and outside tracks on the coupon
should be identified to assist in troubleshooting problems in case the weld fails. The outside track
will be defined as the track, which would be peeled if pulling the overlap exposed in a typical
installation, or the seam that is closest to the edge of the top sheet. The inside track is the seam
closest to the edge of the bottom sheet.
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F. Cutter
1. Only cut one sample at a time to avoid damaging the die cutter.

2. Samples should be free of sand and grit prior to cutting sample.

3. Inspect the die edge weekly for nicks, dents or signs of dullness. Dullness of the cutting edge may
damage the units.

4. Remove die when edge has been dulled and lightly reshape it with a medium hand file. When
wear is excessive return it for a replacement die.

5. When the cutting board becomes deeply scored and/or inferferes with coupon cutting it should
be replaced.

6. To adjust the depth of the die cut into the cutting board, after replacing the cutting board or sharp-
ening the die, 0.015 in washer shims can be added or removed between the cutting ram and
the ram extension. Only add shims when cutting is difficult due to lack of depth of cut.

G. Trial Weld Testing
1. Allow coupons to cool prior to testing. Avoid separating the coupons while hot as failure of the
sheet may be initiated and false readings indicated.

2. In extreme heat the coupons may need to be cooled, using water or an insulated cooler prior to
peel testing. Lab conditions specify 70 degrees (plus or minus 4 degrees) Fahrenheit. Coupon
temperatures greater than 70 degrees may result in lowered strengths.

3. Visudlly inspect the coupons for squeeze-out, footprint, pressure and general appearance.

4. Each of the five coupons will be tested in peel on the field tensiometer at a separation rate of 2
in per minute (for HDPE}. Shear tests, in addition to the peel tests, will be performed.

H. Pass/Fail Criteria
1. Criteria for passing trial welds will be as follows:
a. Seam must exhibit film tear bond (FTB). Trial welds should have no incursion into the weld.

b. Peel and shear values shall meet or exceed the values as listed in Appendix D, Table 1 for
HDPE smooth or textured sheet (@ 2 in/min).

c. Peel and shear values shall meet or exceed the values as listed in Appendix D, Table 2 for
LLDPE smooth or textured sheet (@ 20 in/min}.

d. Both tracks of fusion welded samples must pass for the trial weld to be considered acceptable.

If any of the five coupons fail due to seam incursion (no FTB) or low strength values, the Hrial
weld must be performed again.
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Installation Quality Assurance Manual

e. The GSE QA personnel will give approval to proceed with welding after observing and
recording all trial welds.

2. All trial weld data will be logged on the GSE Trial Weld Log {Appendix EJ.

3. When logging fusion welded peel values on the GSE Trial Weld Log indicate the values, for the
outside track first, followed by the inside track.

4. Speed and temperature seftings will be recorded for each machine trial weld as appropriate.

7.0 GEOMEMBRANE FIELD SEAMING
A. The seam number takes the identity of the panels on each side. The seam between panels 1 & 2

becomes seam 1/2.

B. Welding technicians will record their initials, machine number, date and time at the start of every
seam and on the GSE Seam log (Appendix F). The technician should also periodically mark
temperatures along the seam and at the end of the seam.

C. Approved processes for field seaming and repairing are fusion welding and extrusion welding. All
welding equipment shall have accurate temperature monitoring devices installed and working to
ensure proper measurement,

D. Fusion welding shall be used for seaming panels together and is not used for patching or detail
work. The GSE site manager shall verify that:

1. The equipment used is functioning properly.

2. All work is performed on clean surfaces and done in a professional manner. No seaming will
be performed in adverse weather conditions,

E. Extrusion welding shall be used primarily for repairs, patching and special detail fabricating and
may be used for seaming. The GSE site manager shall verify that:

1. Equipment used is functioning properly.

2. Welding personnel are purging the extrusion welders of heat degraded extrudate prior to actual
use.

3. All work is performed on clean surfaces and done in a professional manner. No seaming will
be performed in adverse weather conditions.

F. For seam preparation, the welding technician shall verify that:
1. Prior to seaming, the seaming area is free of moisture, dust, dirt, sand or debris of any nature.
2. The seam is overlapped properly for fusion welding.
3. The seam is overlapped or extended beyond damaged areas at least 4.0 in when extrusion

welding.
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4. The seam is properly heat tacked and abraded prior to extrusion welding.

5. Seams are welded with fewest number of unmatched wrinkles or “fishmouths”.

G. No seaming will be performed in ambient air temperatures or adverse weather conditions that
would jeopardize the integrity of the liner installation.

8.0 FIELD DESTRUCTIVE TESTING
A. Destructive seam tests shall be performed to evaluate bonded seam strength. The frequency of
sample removal shall be one sample per 500 ft of seam, unless site specifications differ. Location of
the destructive samples will be selected and marked by the QA technician or third party QA inspec-
for. Field testing should take place as soon as possible after seam is completed.

B. Samples should be labeled in numerical order, i.e. DS-1, DS-2 etc....This should carry thru any layer
and or multiple ponds, do not start numbering from 1 again. The size of samples and distribution
should be approximately 12 in x 39 in (Size may vary depending on job requirements) and distrib-
uted as follows:

1. 12in x 12 in piece given to QA technician for field testing.
2. 12in x 12 in piece sent to the GSE’s corporate headquarters for testing, if required.

3. 12in x 12 in piece given fo third party for independent testing or to archive.

NOTE: All samples will be labeled showing test number, seam number, machine number, job
number, date welded and welding tech number.

C. The sample given to the QA technician in the field shall have ten coupons cut and be fested with a

fensiometer adjusted to a pull rate as shown below. The strength of four out of five specimens should
meet or exceed the values below, and the fifth specimen must meet or exceed 80% of the value

below.

1. Seam must exhibit film tear bond {FTB). Welds should have < 25% incursion info the weld.

2. Peel and shear values shall meet or exceed the values as listed in Appendix D, Table 1 for HDPE
smooth or fextured sheet (@ 2 in/min).

3. Peel and shear values shall meet or exceed the values as listed in Appendix D, Table 2 for LLDPE
smooth or textured sheet (@ 20 in/min).

D. All weld destructive test data will be logged on the GSE Destructive Test Log (Appendix G).

E. When logging fusion welded peel values on the GSE Destructive Test Log, indicate the values for the
outside track first, followed by the inside track.

F. Test results will be noted in the GSE Destructive Test Log as Pass (P} or Fail {F).
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G. if a test fails, additional samples will be cut, approximately 10 ft on each side of the failed test, and
retested. These will be labeled A {After) & B (Before). This procedure will repeat itself until a sample
passes. Then the area of failed seam between the two tests that pass will be capped or reconstructed.

9.0 NON-DESTRUCTIVE TESTING
A. GSE shall non-destructively test all seams their full length using an air pressure or vacuum test. The
purpose of this test is to check the continuity of the seam.

B. For air pressure testing, the following procedures are applicable to those seams welded with @
double seam fusion welder.
1. The equipment used shall consist of an air tank or pump capable of producing a minimum 35 psi
and a sharp needle with a pressure gauge attached to insert into the air chamber.

2. Seal both ends of the seam by heating and squeezing them together. Insert the needle with the
gaugs into the air channel. Pressurize the air channel to 30 psi. Note time test starts and wait o
minimum of 5 minutes to check. If pressure affer five minutes has dropped less than 2 psi then the
test is successful (Thickness of material may cause variance).

3. Cut opposite seam end and listen for pressure release to verify full seam has been tested.

4. If the test fails, follow these procedures.
a. While channel is under pressure walk the length of the seam listening for a leak.

b. While channel is under pressure apply a soapy solution to the seam edge and look for
bubbles formed by air escaping.

c. Retest the seam in smaller increments until the leak is found.

5. Once the leak is found using one of the proceedures above, cut out the area and retest the
portions of the seams between the leak areas per 4a to 4b above, Continue this procedure until
all sections of the seam pass the pressure test.

6. Repair the leak with a patch and vacuum test.

C. For vacuum festing, the following procedures are applicable to those seams welded with an extrusion
welder.

1. The equipment used shall consist of @ vacuum pumping device, a vacuum box and a foaming
agent in solution.

2. Wet a section with the foaming agent, place vacuum box over wetted area. Evacuate air from the
vacuum box to a pressure suitable to affect a seal between the box and geomembrane, Observe
the seam through the viewing window for the presence of soap bubbles emitting from the seam.

3. If no bubbles are observed, move box to the next area for testing. If bubbles are observed, mark
the area of the leak for repair per section 11.0 and re-test per section 9.0.
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4.

Note: If vacuum testing fusion welded seams, the overlap flap must be cut off to perform the tests

All non-destructive tests will be noted in the GSE Non-Destructive Logs (Appendixes H-).

D. For spark testing GSE Conductive geomembranes, ASTM D 7240 will be the procedure, unless other-
wise instructed by the engineer client.

10.0 DEFECTS & REPAIRS

A. All seams and non-seam areas of the geomembrane lining system shall be examined for defects.

B. Identification of the defect should be made using the following procedures:

1.

For any defect in the seam or sheet that is an actual breach thole} in the liner, installation person-
nel shall circle the defect and mark with the letter P along side the circle. The letter P indicates o

patch is required.

For any defect that is not an actual hole, installation personnel shall circle the defect indicating
that the repair method may be only an extruded bead and that a patch is not required.

Each suspect area that has been identified as repair shall be repaired in accordance with section
11.0 and in the non-destructively testing per section 9.0. After all work is completed, the GSE
site manager will conduct a final walk-through to confirm ali repairs have been completed and
debris removed. Only after this final evaluation by the GSE site manager, the owner, and the
agent shall any material be placed over the installed liner.

11.0 REPAIR PROCEDURES
A. Any portion of the geomembrane lining system exhibiting a defect that has been marked for repair

may be repaired with any one or combination of the following procedures:

1.
2.
3.
4.
5.

Patching - used to repair holes, tears, undispersed raw materials in the sheet.
Grind and Reweld - used to repair small sections of exirusion welded seams.

Spot Welding - Used to repair small minor, localized flaws.

Flap Welding - Used to extrusion weld the flap of a fusion weld in lieu of a full cap.

Capping - Used to repair failed seams.

B. The following conditions shall apply to the above methods:

1.

2.

3.

Surfaces of the geomembrane which are to be repaired shall be prepared according to this
section.

All surfaces must be clean and dry at the time of the repair.

All seaming equipment used in repairing procedures shall be qualified.
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4. All patches and caps shall extend at least 4 in beyond the edge of the defect, and all patches
must have rounded corners.

5. All cut out holes in liner must have rounded corners of 3.0 in minimum radius.

C. Patches should be labeled in numerical order, i.e. RP-1, RP-2, etc... This should carry through any
layer and/or multiple ponds, and do not start with the number 1 again.

12.0 AS-BUILT DRAWINGS

As-built drawings are available per these items:
A. Asbuilt drawings will be provided at the completion of the project.
B. AutoCad as-built drawings will be provided in either a printed version or by email in a PDF file.

C. Asbuilt drawings will include geomembrane panels and panel numbers with the last four digits of
the roll number.

D. Panel numbers and the full roll numbers will correspond with the GSE Panel Placement Log.
E. All destructive testing and repair locations will be placed on the as-built drawings.

If you require further information, please contact the GSE installation Department directly.
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Appendix C: Panel Placement Log

GSE Panel Placement Log

Project
Name:
Location; Site Supervisor:
Job
Number: Type of Materiai:
Q.A. Tech.: Sheet Thickness:
Panel Roll Deployment Width Length Square Square Fest AT AT
Number Number Date (Feet) {Fast} Faet (Cumulative) 1 2
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Appendix D: HDPE & LLDPE Seam Strength Properties

Table 1. HDPE Seam Strength Properties

Material Shear Strength  Fusion Peel  Extrusion Peel
(Mil) (PPH (PPI) (PPh
40 81 65 52
60 121 98 78
a0 162 130 104
100 203 162 130

Table 2. LLDPE Seam Strength Properties

Material Shear Strength  Fusion Peel  Extrusion Peel
(Mil) (PPI) (PP (PP
40 60 50 48
60 90 75 12
80 120 100 96
100 150 125 120
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Appendix E: Trial Weld Log

Fall

pp!

ppl

Min, Paai
Min. Shear

ppl
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Pael | Shear | Shear | Shaar | Shear | Shasr | Pass
poi

Rl

Min. Pesl
Min. Shear

Pegl
ppl

Peal
op!

Fesl
pi

ppl

Weadga| Spead | Paal
Mass |Praheat

Type of Materlal:
Shaet Thicknass:
WELDER
TYPE

Amblent
Tamp

1D Number

Technklane

Time of
Trai

Date of
Trigd

Tdal
Ne,

Job Number:

Location:
Q.A. Tech.:
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Appendix F: Seam Log

GSE Seam Log

Project Name:

Location; Site Supervisor:

Job Number: Type of Material:

Q.A. Tech.: Sheet Thickness:
Seam Time of Date of Type of Length of Machine Techniclan
Number Weld Woald Weld Seam Number 10 Number
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GSE Destructive Test Log
Slte Supervisor:

Appendix G: Destructive Test Log

Fail
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ppl
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ppi

Puoel
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Peel
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Project Name:
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Type of Materlal:
Sheet Thickness:
Location

Machine
Type & No.

Technician
I Number

Seam
Number

Waelded

Date

Sample
Number

Location:
Job Numbaer:
Q.A. Tech.:
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eomembrane Products

Appendix H: Repair Log - Vacuum Test

GSE Repair Log - Vacuum Test

Project
Name:
Location: Site Supervisor;
Job
Number: Type of Material:
Q.A. Tech.: Sheet Thickness:
Repair Weld tachine Tech Test Tech
Number Date Number 1D Location Date 1D Pass/Fell
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Appendix I: Non-Destructive Log - Air Test

GSE Non-Destructive Log - Air Test

Project
Name:
Location: Site Supervisar:
Job
Number: Type of Material:
Q.A. Tech.: Sheet Thickness;
Seam Test Tachnician Alr Pressure Test Test Result
Nurnber Dete 1D Number psi start psi finish (P or F) Location
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