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INTRODUCTION
The Resource

The giant tridacnid clams have been an important traditiomal seafood
resource 1n many Asian and Pacific natioms, including those of Micronesia.
The clams are large, regularly growing to more than a meter in length, and
they live on shallow coral reefs easily accessible to fishermen. An
unusual feature of the tridacnids is their symbictic associarien with
unicellular algae called zooxanthellae, These tiny plants capture sunlight
and, via the process of photosynthesis, produce virtually all of the food
required by the eclams (Munre and Heslinga, 1983).

As a result of harvesting for commercial and subsistence purposes,
glant clam populaticns have experienced a serious and in some casas
spectacular decline throughout their range in the tropical Pacific.
Indeed, on many reefs in Micronesia (e.g., Guam, Yap, Pohnpei, Truk, and
Kosrae) the larger giant clam species are now extinct (Heslinga et al.,
1984; Heslinga, in press),

The MMDC-PFDF Program

For mere than a decade, marine scientists werking in the Pacific have
attempted to breed giant clams in the laboratory, with the dual objectives
of reversing the trend toward extinction and developing an economical
method for food production through marine farming, or mariculture. The
staff of the Micronesian Mariculture Demonstraticn Center (MMDC) in Palau
has been at the forefront of this work (Figure 1) and in recent vears has
shown conclusively that it is feasible to produce hundreds of thousands of
"seed"” clams (Figure 2) each year in a simple coastal hatchery (Heslinga
and Watson, in press), The Seed clams can be sold to marine farmers or
planted on the seabottom locally for growout to harvestable size,
Personnel from Micromesia and throughout the Pacific basin have hbeen
trained in gilant clam culture techniques and an innovative program of
internaticnal clam re-introductions has met with initial success. This
work has been funded by the Pacific Fisheries Development Foundation
{PFDF)., Efforts are now underway in at least six Pacific countries to
estahblish gilant clam culture programs based on the MMDC example,

Pumping Needs for Giant Clam Culture

In order to function efficiently, giant <lam hatcheries require a
reliable source of power for pumping seawater, During daylight hours, when
the algal cells residing in the clams are photosynthesizing, clean,
unfiltered lagoon water must be pumped through the hatchery tanks at a rate
sufficient to supply nutrients, remove wastes, and prevent overheating., At
night, pumping is unnecessary because the photosynthetic process is shut
down and the clams are gquiescent; woteover, thers is no danger of a
potentially lethal heat buildup. In past years, conventional power sources
such a8 diesel generators and direct-drive diesel pumps have been used to
supply seawater to the MMDC hatchery. Despite being relatively inexpensive
at rthe cutset, diesel-based systems embody a number of well-known
disadvantages; they are heavy, nolsy, dirty and generally limited to an
overhaul lifespan of only 4,000 hours or so.



Figure l. Two and one half year cold clams im the MMDC underwater nursery.
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Figure 2. Giant clam seed 4 to 6 months old produced at the MMDC.



Solar Pumping

Solar photevoltale pumping of groundwater for remote island water
supplies has heen demonstraced to be Ieasible in Micromesia {(Wincer,
McCleary, and Wacters, 1%983; Winter and MeCleary, 1984; and Winter and
McCleary, 1985). It is legical to consider the use of seclar powered
seawater pumpe as an alternative to diesel engines. I[n the case of gilant
clam culture where the oucpuc of a2 solar module parallels the need of a
clam for circulating seawater, solar power 12 espacially appealing. In
order to determine the compatibility of photovoltsic cechnalopgy and giant
clam maricelture, the MMDC approached the U.3, Department of Energy in 1983
with a propesal top construct a prototype clam rearing system hasad on solar
POWEr .,

OBJECTIVES

The objective of this projeet was to design and constrTuce a solar
photovaltaic seavater pumping system for use at the MMDC gziane clam culture
facility and to evaluate its performance from technical and economic points
of view.

DESIGN

3ince the need for circulating seawater for giant clam culture 1s
proportional to sunlight intepsity and there ia no need for circulation at
night, 1t was decided that battery storage would not be necessary. Thus,
the primary components of the pumping system were anticipated to be an
array of solar modules directly connected to a sultabla pump/motor aat.
This simple system would provide circulating seawater at a rate roughly
proportional to gunlight intensicy.

Pravious experience with a simtlar (flow rates and heads) groundwatar
pumping system (Wintar and MeCleary, 1985) indicated rthat such systems
{without battery storage} experience difficulty when pumping at low levels
cf gunliight because the current generated becomes corresponding low and is
insufflcient to cause the metor to turn. The problem arises because the
speed of a direct current motor 1Is essentially proporcional to voltage,
assuming adaquate current is provided. Consequentcly, ir was decided to use
a powar controller that would "manufacture" essentially conmsgtanc current
regardless of the level of sunlight.

The components of the pumping system were designedfselscted using the
following criteria;

l. maximum lift of L8 feet {vortical distance from loweat tida lewe]
to top of holding tank).

2. 20 gpm pumping rate at maximum lift; more flow desirable.
3. abilicy of syatem to pump for & to 8 hours per day. Pumping ac

lezz than design pumping rate acceptable early and late in the
day.



4, resistance to seawater corrosion.
5. high reliability.
6, low maintenancs,

The Chronar TriSolar Corporation of Bedford, Massachusetts, selected
the major hardware items. Thesa are:

L, 8 Arco M53 43 watt photovoltalc modules.
2. a "Maximum Power Controller" {MPC).
3. a pump/motorp set.

Manufacturers' Literature for each of these items is given in the Appendix.
Chronar TriSolar also supplied a mounting frame for the pump/motor set, a
stainless housing for the wmotor, a suction hose, and miscellaneous
fictings.

The M53 modules were wired in series to produce a nominal 138 volts
and 2.49 amps at load. Array output was connected to the MPC, a
proprietary device wmanufactured by Chronar TriSclar. It serves two
functions:

1. provides a pulse of current to inidtlally start a motor.

2. provides essentially constant current output regardless of
current input (sunlight intemsity).

Qutput from the MPC was connected to a Balder Electric Co, 3/4 horsepawer,
%0 velt D.C. motor. It drove a Robbins and Moyms 5P Serles 300, Model
35604 pump. This is a positive displacement screw pump with a stalnless
steel body and rotor and a NBR (nitrile) rubber stator.

INSTALLATION

The array was mounted approximately 20 feet inland of the wharf at the
MMDC in order to protect it and cther system components from seawater spray
during windy periods (Figure 3), 1If was tilted 15° to the horizontal and
oriented l0° east of south (in order to be parallel with the edge of the
wharf). The MPC was mounted on one of the legs supporting the array and
the pump/motor set was mounted on a concrete slab which was also placed
under the array (Figure 4). The resulting arrangement was compact and
utilized the array to provide a degree of weather protection for the other
components (Figure 5). A 2 inch suction line was used and was routed
through a large drain pipe to the edge of the wharf. & flexible hose was
attached to the suction line and anchored to the bottom of the lagoon
(Figure 6). A screened ball check valve was attached to the end to the
hose and served as a foot valve. The total length of suction line was 47
faet., The suction 1lift to the top of the wharf varied from around 3 fest
at high tide to around 9 feet at low tide., A l% inch discharge line was



figure 3. The completed project showing relationehip te wharf.

Figura 4, The Maximum Power Contreller and pump/motor set.



Figure 5. The completed project showing piping arrangement and
relationship to clam growing tanks.

ey, L

Figure 6. The completed project showing pump suction line extending into
lagoon.



usad to deliver water to a holding tank approximately 9 feet above the
level of the surface of the wharf. The total length of discharge line was
95 feer. Water was discharged to a temporary location at the same
elavation as the probable final lacation in order co facilitate pumping
tests. PVO piplng was used for both suction and discharge lines.

TEETING

The system wasg tested on three days, August 3, 4, and 17, 1935. The
firat rest was preliminary amd providad only flow amd head data. The
second and third tests were more comprehensive and provided elactrical data
as well., Test results are given in Tables l, 2, and 2.

Unfortunately, the test data are limited. However, it 1is still
‘possible to draw some general conclusions concerning eystem performance.
These should be regarded as vtentative and subject to verification by
subsequent tests. At toon, at nearly low tide and in clear weather, the
system delivers between 20 and 215 gpm {(Tables ! and 3). Thiz performance
should oceur for at least the 2 hour perilod frem 1100 te 1300, At around
[500, under roughly the same conditicons, the flow rate drops to around 12
or 13 gpm (Tabkle 1)}. Thus, in clear weather, it could be concluded that a
flow of at laast 10 gpm could be delivered for 6 to § hours at low tide.
Under hazy conditicms at the same tides, the flow is slightly lass (Figure
2}, Likewise, at high ctide, undar clear or hazy skles, it can be esxpected
that flow will be correspondingly greatar, perhaps up to 30 gpm at optimum
conditions.

The tasr daca zlso reveal the operaring characteristics of the MPC.
It is saen that, under all czloud conditions, current delivered to the motor
i5 essentially constant. However, the voltage delivered te the motor
wvarles considerably, Thizs occurs while array vwvoltage dis essentially
constant and array current is varylng (proportiomal to sunlight). Thus,
tha MPC serves the purpose of changing a constant voltage, varying curraent
source to one with a varying voltage and constant c¢urrent, This is, of
eaurgs, what a 0.0, motor requires.

The MPC provides another feature. This iz a high pulsa of currenc for
starting the moter. Whan the system iz turned om, the motoer will not turn
for around 20 seconds, It will then start and turn fase for 30 zaconds or
2o and will ultimataly seek & apead proportiocnal to the available sunlighe.
This may only be a few rpm in vary low light conditions.

It i=ms =een that tha use of an MPC or similar device significantly
increases the pumping time par day as it permits the pump to turn under all
conditions of sunliphe, even those when it will furn go slowly that no
water will be deliverad., In thesa szituatioms it is recommended that che
system be shut down to prolong motar lifa.

CONCLUSTIONS

Based on limited te=ting and observation of the pumping =ystem, it
appears to fulfill the desdign criteria set forth at the beginning of che
report. The pump deliveras =zlightly more than the required flow ar the



Table 1, Pump test data (August 3, 1985),
Time Flow Rate Distance to Open Circuit ATTay Motor Moror Current  Cloud
of Day {gpm} Water Array Voltage Voltage Voltage {amps) Cover
1200 25.3 ir-om 155 1.5 clear
{astimate}
L44sS 12,7 B'-g" clear
1515 10.8 gt-gn slight haze
1545 5.1 gr-gn slight haze
leQo no flow g'-g" haze

(eatimate)
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Table 2. Pump test daca {august &, 1985).

Time  Flow Rate Distance to Cpen Clreuic ATTarw Martor Mator Current  Cloud

of Dav (gpmt Water Artay Voltage Veltage Volcage {amps} Covar

1a1% 1*,3 L!-1m 151 11.6-126 50 2.2 overcask

10435 B.7 G- 1540 1lg-1216 52 2.2 avercast

1115 B.4 Sr=1" 153 112-126 43 .3 heavy
avercast

1143 10.4 5=/ 155 1l7-12% 50 2.4 overcast

1215 14.9 gr=1 155 117-128 62 2.8 haze

1245 13.7 gr=f 155 L1&-128 1] Z.h haze

1315 EN - yr=m 154 Lla=128 48 ) heawy
haze

1343 11.3 7l=-g" 155 113-128 53 2.5 haze

1%15 5.7 Te=-10M 133 L1e=312% 37 2,5 Qvercast

Lk 5 ne Elow gr-3- 150 Ua-122 22 .0 heavy
avercante

1315 ng Elow g =51 151 114-122 2 Z.0 heavy

oyeprcant



Table 3, Pump test data {(August 17, 1985).

11

Time Flow Rate Distance o Open Circuit Arvay Motor Motor Current Cloud
of Day (gpm} Warer Array Voltage Voltage Voltage {amps) Cover
1210 23.0 Ti-g" 151 118-120 79-80 3.3« clear
Y280 m W/ cm?

@95 m W/cm?, notor current = 3.4 amps
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design head and should be able to pump at a reduced rate for & to & hours
Per day., The major components of the system do not experience seawater
corrosion. Only the metor shaft and flexible coupling showed some sign of
rust. However, they will be protected by a stainlass steel housing. The
only maintenance required 1s periodic imspection of the motor brushes for
wear and their possible replacement. It is expected that the syscem should
be extremely reliable. The MPC, which 1s the mest complex component, has a
geod track record in installations Iin undeveloped countries,

The cost of the system, including development and design tim= but
excluding installatdon ctime, i1s approximately 57,000. The wvalue of the
system hardware alone is approximately $5,000. This is conasiderably highar
than the £irst cost of a dilesel engine with gimilar performance
characteristics, However, the solar system has no operating costs and
almost no maintenance. The life span of the solar mpdules should be in the
neighborhood of 20 vears, perhaps 4 times the like of a comparable diesel
engine. Finally, the aesthetic appeal of the solar system deserves nota.
It is quiet, claan, and amoke free,

Serigus consideration should be given to the use of sclar power for
seawater pumping svstems elsevhere in Micronesia.
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Maximgm Fowar Control for Water Pumping

Fhotavoltaic (PV) power sources and pumping loads are easily mated
with the proper electronics. 41l TriSelar Corp (TSC) pumping systems
ineclude 2 Maximum Power Controller (MPC) which wmacches the load of cthe
pumpsat te varying power available from the solar array. This eliminatas
the need for batteries, economizes on the array size and provides an
efficiant, low-maintenspnce system. The MPC jmproves motor-starting
capability and ensures that the system will yileld the maximum amount of
water with whatever sunlight 13 available. Within a brosd range, the MPC
allowa the PV/pump system to be self-opcimizing to local conditions of
insolation, temperature and head, thus eliminating the need for separate
gite adjustmentas.

The MPC automatically dewm converts the available array voltage frow
the array maximumm-power voltage ta a voltage that is proportiomal to the
insolation, while stepping up the current, Thus, the rotational speed of a
centrifugal pump or the reeciprocating frequency of a jack pump will vary as
the sunlight varies, with the resyl:t thact the current available to the
motor remalns above the "stall current.” This voltage modulation by the
MPC allows the pumpset to Tun as a variable flow-rate system,

MPL Functions

For DC motora, the most efficient method of voltage modulation is to
use a DC-DC downconverter with a full-lovad wveltage of approximately
two-thirds the nominal array maximum-power-point voltage. This allows the
one power stage of the MPC to perform five separate functions. The MPC
provides:

1) Inereasad starting current at low speed and low insolation whan
the sclar array could nec otherwilse start the motor;

2)  Maximum power tracking to wmaximize motor speed and fluid flow
under wnormal condlitions, under varying fnsolation, head and
temperature; as wall as

3) Current limiting to avold damage to motor, electromics or other
components under atall or Jam condicions;

4) Over-gpeed protectiom in case of broken power train alements; and

5}  Varlable speed cyclic operation at low speada te mateh the array
to a volumetric pump when a static match would be impossible,

All these functions reguire three contrel algorithms in the Maximum
Power Controller.

First, a maximum power tracking algerichm to wvary the output voltage
and motor speed in response to insolation changes and other operating point
variations. The algorithm usad for the max-power tracking function 1s
realized by one control stage.
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Second, a current limiting algorithm which overrides the maximum power
tracking when called upon.

Third, an output veltage limiting algerithm which overrides the
max-power tracking but may be slower-responding than the current limit,

Power Stage

The series switchiang transistaor driven at high frequency (20 KHZ) by a
pulse width modulator {(PWM). This basic power stage has very high
afficiency which depends mainly on output voltage level. This 1is the
reason why high system voltages - typically 90 to 150 volts - are chosen.
Maximum system voltages are limited by the cost and availability of PV
modules and semi conductor switching elements. In general, a separate
power stage is used for each array series string.

MPL Motor Drive

Cperation of the Maximum Power Controller as a motor drive is based on
two factors:

1, A DC-to-DC downconverter acts as a DC transformer between input
and output. Input and output voltages and currents are related
as follows (neglecting efficiency factors):

v = DV in
out

I = T
ot D in

where D 1s the duty cycle of the downconverter. Varying the
duty cycle gives an impedance transformation between the array
and the load.

Z. Current output from the downconverter 1is related to the power
drawn from the array by

Igut = P array
V leoad

Since the load veltage is effectively constant for pericds of
fractions of seconds, the output current is proportional to the
array output power over such an interval.

In the TriSolar Corp Maximum Power Controller circuit parameters are
set 8o that, over all array insolation and temperature conditioms, the
array operates on the short circult side of the maximum power point for
duty cycle near uniecy and on the open circuit side for duty cycle near
zero. Hence, varying the duty cyecle from a low te a high wvalue or vice
versa will sweep array power and therefore ocutput curreant chrough a

maximum.
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In this design, duty cycle is constantly changing ia a linear fashion,
and putput current is sampled every 80msee. If a sample is larger than fts
predecessor., the diractien of duty cycle change is correct for inereasing
powar amd no action is taken, If a sample is leas than its predecessor,
powar from the array has decreased. Upon datecting this ocecurrence, the
duty cyecle direction 1s reversed.

Tha net acnsaguence of rhe operation is a smaller dither about the
array maximum power point. Since operation for the most part is seldom
exactly at the maximum power point, a small loss (less than %) is
incurred; this loss is more than offset by the incraased overall anergy
cutput resulring from tracking the maximum power polnt under all operating
condicions. Performance is optimlzed at all cimes, particularly during
eritieal winter aonths.

The physical econfiguration of TriSelar Corp's electronics is modular,
facilitating rTapid fault diagnesis and repair. 4ll electremics are
packaged in standard weather cight HWEMA-4 type enclosures sultable for
ourdoor installation.
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Power Specifications 1000 wim?
AM 1.5 specirutn
and 28°C (20.5°C)
celf bernpEraturg
Cpen Circult Voltage/ Typics! 21.7 Volts
Short Circuil Current/Tvpical 2.7 Amps
Voltage/Typical at { oad 17.3 Volis
Current/ Typical & Logd 2.49 Amps
Modwle Efficiency/Typica! 11.5%
Average Power/ Typical Walts
@ Test, =10% 43 Waks/F Mat
Module Characterisiics Elecirically matched single-crystal sificon solar cells,

Fauft tolerant, multipie redundant conrtacts on each cell for circuit relia

Nomina! oparating cell tamperature (NOCT) 47°C/80°C (lack version

Service Tomperature conditions of —40°C to +90°C, 0 to 100 percent
fiLarmiclity. '

Computer designed cell grid pattern for high conductivity,

Cells chernically texturad for anti-reflection enhancement.

;;;;; -—

Twno by-pass dicdas. Each by-pezses 24 cells, with 12 colf oweriap.

Tampered anti-reffeckive giass front,

Specitar reflection by inside of Iront glass.

Efficient conversion of both direc? and diffuse light.

Polyrmane ancapsuiant,

Muitiple-dayer protective coating behind cells.

Interiotking aluminum side raifs—{biack anodized oplional),

Extarnal grounding screw.

—— o mR— e ————

Module surface promotes self-cleaning by naiural processes
frain, wind, ste.)

Junchion boxes desigred for aasy winng accass.

Module leakage current of less than 50uwA af 3000 VDC.

Ground continuity of fess than 1 ohm for ail matafiic surfaces.

a 20T Warner Cenfer Lane Consul your dealer far fuli end compiel
ﬂﬂ.(,:,q,.s.?'a&jﬁm bl B3 Box 440 dalails raqardmg e nistalaton gnd us
Wooalang Hills, 0A 91365 ARCD Satar MA3 photaviiiars moduies
Tal 213 - 75 73940
Tedex G74034 Specifcalons subyeet 1o change aithol

TWY BToO-404-27571 Copyrighl @ 1583, Poatedin U S A
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New High Efficiency Square Cells

The ARCO Sotar M53 15 a nominal 43 wal! photovoltais {solar electric) module: .
the first ARC O Soiar madule to uithze aur high efficiency single-crysial siicon

square cells. The M53 continues ta maintain the quality and features thal hiave ¢x
tablishat ARCCO Solar modides as an industy standard. and alsc 1nCorporalns m sty
new fealures These mnNovations make it an even more eficient, reliable anag dur 1oi=
solar module well surted for a wide variely of applications—iarge and smair.

The M53 1s available eiher with regufar alurminum frame and white backing. or

with black anodized aluminum frame and black backing. The M53 is physically

and electrically compatible with existing ARCO Solar systems,

Fach of the M53% 36 senes-connected sofar cells produces over 2.4 amps ™ Over-
alt module efficiency is grealer than 11.5% due to the denser packing affowed by
the square ceils. Muffiple redundant connections on the front and back of eackh
cell help assure madule circuit refiabifity. and by using smole-crystal siicon cefs,
the modude can produce power in as fittie as 5% of noon sun. Two by-pass dodes
are wired into each module to reduce poteniial power loss from partiaf shading 7t
a single modide within an array.

8 Charactenshes

@A Current va. vaitage) below damonsiretea pprcal
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Specializad Construction

The M53 utilizes our highest standard of glass larminate construction. This enables
it to withstand some of the harshest environmeants and continue to perform affi-
ciently. This same standard of construction has allowed other ARCQO Salar
moduies to meet the design. performance and durability requirernernts of the U.5.
Department of Energy and pass additional, more stringent, ARCQO Solar tests.
Sotar celis are permanently laminated between speciaf anfi-reflective tempered
Glass and EVA, backed by muitiple layers of pofymeric protection. This weather-
proof package is then sealed by a necprene edge-gasket and supported by a
rugqged ightweight aluminum frame.

There are two environmentally sealed junchion boxes on each modute, one lor
positive and ong for negative termination. Each junction box contains dual tey-
minations, a wired-in by-pass diode and two additional non-active lermination
posts. Designed for easy wiring access, the junclion boxes accept standard %"
flexibie conduit or our Slandard interconnect Wire {SIW) and grommets. Junction
boxes are securedy atlached to the module frame with screws and to the module
backing with adhesive.
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D. C. MOTOR INSTALLATION AND MAINTENANCE

e in shipment. Check the brush springs to see

INSPECTION: Examine the motor for possible damag
urns freely by

that they bear properly on the brush pressure plate, and be sure the shaft !
hand. Check the nameplate voitage to be sure It agrees with power supply.

INSTALLATION: Motor should be mounted on a firm foundation, If foundatlon is not flat, shims
should be used to prevent strains whan tightening hold-down bolts. All Baldor motors are
equipped with bal! bearings and may be operated in any position, howaver, shaft-up mount.
Ing should ba avoided when possible. Location should be dry, clean and weli ventilated for
most satisfactory service. Be sure possibility of oil seepage into the motor s prevenied
Ccommutator end of motor should be accessible so that brushes can be convenlently in-

spectied.

ALIGNMENT: Shafts should be carefully aligned with a stralght edge before tightening amy

couplings. Remove paint, dirt and burrs from shaft. If necessary use file or reamer for proper
fit. Puliey or coupling shouid be carefully fitted so as to easily slip on shait. Selt-aligning
couplings are recommended. Do not hammer on shaft, puliey or coupling.

CONNECTIONS: If the motor is part of an SCR drive system, refer to the control manufacturer':
diagrams and Instaliation data. if the motor is shunt wound and not part of an SCR contro
system, a proper resistance starter should be used. For protection, use a fuse or circui
breaker rated at 125% of ful! ioad amperage on the namepiate. if the motor is a series ©
compound wound motor, refer to tha connection data tag attached to the motor. If the moto
Is a component part of a plece of equipment, be sure to refer to the Qriginal Equipmen
Manufacturer's electrical circuit information tor proper connection.

BEARINGS: Baldor D. C. Motars have prelubricated and permanently sealed ball bearings. Thi
lubrication is sufficient for the lite of the bearing. When bearlngs become worn they will pro
duce excessive noisae, which s a warning that bearings should be replaced. They should b
replaced {n the following manner, Pull brushes out of brush holder. Remove pulley end bell
withdrawing armature, While the motor is disassembled, take the opportunity to blow ou
brush dust residue. Pull off bearihgs by means of bearing puller, taking care not to ma
center in and of shaft. The new bearing is pushed on the shaft gently by pressure on the Inne
Race or by tapping gently on the Inner Race. See that no dirt enters the bearing housing
Reassemble motor, taking care that the bearing shims are properly assembled so that th.
brushes ride properly on the commutator.
s: Periodlcally, the brushes should be inspected and the brush dust blown out of the moto
I the length has been worn down 12" from the original length shown on Page 11, th
brushes shouid be replaced. If at this time the commutator is worn or rough, the armatun
should be removed. The commutator shouid be tumed in a lathe, the mica recul, and comr
mutator polished. Reassemble, and seat the new brushes using a brush seating stone. B
sure the rocker arm is set on the neutral mark.

enance man Is properly qualified, It is advisable that the repair work b
ering replacement parts, give Complet

BAUSHE

REPAIRS: Unless the maint
done at a qualified service station. When ord

Nameplate Data.

BAILDOR®

PHONE B0 -Sas-4T11
TELEX RRFLME = TWI P10-TTHT39
FORT SAMTH, ARKANEEE Tl



When ordaring parts, please specily
pump model number, pump serial number,
part number, part description and quantity.

Aum on 331 & 332 only,

Used on 356 anly.

Q Used on 356 £ 357 only.
O Used on 08 only.

DUsed on 387 only.

FACKING MOCELS



BALDOR MOTCR Model number: 34 5017 3667

J/4HF  90F 1730 RPM 7.0 Amps Fram 56 428p
Ser. F. 1.00 Class B

Rating 40°C amb-cont

Ser. no. W2B4



Nole: When repiacing Deanngs, always press on Lhe in-

2

3

ner race when assembiing {¢ shall, and on Lhe
culer raca when pressing bearings into Lhe

housings.

Prazs shaft assembly into pump bedy {1) securing with
snap ring {66).

wstall mechanical seal {§9) using the (ollgwing
procedure;

a. Clean and oll zealing laces using a claan light all

{nol grease),

Cautlon: Do nod uss oll on EPDM peris. Substilute

giycarin or soap and water.
b DIl the outer surface of 1he sasl seat, and push tha
ansembly Into tha bora In the pump Dody (1), seatlng
I firmly and squaraly.
o Atier cleaning and clling the shall, slide the seal
body aleng the shalt until It meets 1he saul seal.

d. Install seal spring and spring retainet on Shalt.

Thread Hoxible jolnt [24) Into shait [26) in & Clockwiia
direction (AH thread). On -Medel 256, Install seal

spacar (63A) and washer (116) before 1hreading tlaxi-
bis jolnt onio shalt In a ciockwiss direction. On Model

357, usa shaft pin (46 to pin flexible joint {24) to shaH.
Thread rotor [22) onto flexible joint (24 In a clockwisa
direction (RH thread}. On Modad 367, pin rotor (22} to
oint wsing rotor pin (45),

Siide stator {27 on rotor (2. On Models 31 and 332,
Insart myunced end of statar ring (125) inte end of sfator
prior to Installing atatoe on rotor.

Secume stator {21) and zuctlon housing (), with suc
tion port vertically up, to pump body {1 using screws
(112.

Procesed as in instaltation nstructions.



LJROBBINS

“IMIYERS

SERVICE MANUAL

MOYNO® SP PUMPS

SERIES 300
I 4 FHOL A4404
DESIGN 33201 35601 33204 [E504] 33108 33308 34411
FEATURES a3am BTm 33304 33208 24408 a56M 35613
Housing: Cast Iron AlSl 316 55 Nylon East lron AlS] 316 55
Pump Aolor: Chrcume platad Chrome plated Chyoma plated Ghrome platad Chrome plated
416 &5 318 55 415 55 415 55 116 58
Pump Stator: NBR [Hitrlle) NBR [Mitrile} MHBHA [MNitrilg) NBR {Nitrile) MER (Milrile)
Shaft: 478 35 318 S5 416 55 416 55 315 55
Flexible Joint: Carbon stealf G5 55/ Carbon steelf Carbon sleelf ate S5/
NEBR NBR HER NBR NEA
Haarings: Ball {sealed) Ball [sealed) Ball (sealed) Ball (sealad) Ball {saaled)
Mechanica! Seal; Carbon-ceramic Carbon-teramic  Carben-caramiz ——— —_
Packing: —_— —_— _—— faraphile Graphita
imnpregnated tmpregnated
asbesios ashastos

igta: Alternate alastomers available. Relar to Aepair/
Conversion kit numbers, pagas & and ¥,

NSTALLATION

‘ourting Posltlen. Pump may bes mounted in any
asitlon. When mounting vertically, it i3 nacessary to
rep bearings above smsals to prevent posaible seal
akage Inio bearings.

w-Wetting. Prior to connecting pump, wet pump
emants and machanical seal or packing by adding fluld
be purnped indo auction and discharge ports. Turn ahati
er saveral timea In a clockwise direction te work fluid
Lo elaments.

:ing.‘i'iping 1o pump should ba soll-supporling to avoid
cesyiv@ strain on pump housings Sae Table 1 for
clion and discharge port sizea of sach pump model.
s pipg "dope”™ or tapa to tacilitate disassembly and io
wide seal

ive O balt driven unlta, adjust belf i=nsion to point
nan-Mip. Do not gvartightan.

In direct drive units, coupling componen!s should bha
aned and spaced af ieast 316~ apart.

uymp rotation must be clockwise when facing shair
araveni damags to pump Check ditection of rotation
ore startup

tor Flush of Packing (355 Models Only). The packing
y b eilher grease lubricated through a grease litling
ha stuffing boy or have plumbing connectad to ihe
'slng to allow a water Nush.

Gyno s a regisized rgdamark ol Robibins £ Myers, ing.

Maximum speed is 7750 rpm.

¥YWhen tha material being pumped (5 abrasive in nature,
il Mmay b advantagecus 1a tiush the packing to pravent
leakage undar packing and axcassive shall wear,

Clean water can be injecied through a 148° KPT tappad
hole that! normaily houses the greaasa fitting for
lutrlcating tha packing. Tha water can be parmittad ta
laak axiatly along the shaft in eliher direciion or can be
rermoved 1rom the sacand tappead hole in 1he stuffing box.
in both cases, the dischargs from the stulting box should
be thrattl=d silghtly 10 maintaln 10-15 P51 higher pressure
in 1he ttufling box than !5 present in the suction howsing.

Tabla 1. Pump Data

Pump Serlea| 3H 312 331 HH 356 367
Suctiion - * . - i

Part (NPT} M Xd 34 304 12 £

Discharge i

Part (NPT) 4 ke [F | L 4 1-1d 2

Diszherge

Freasure 150 [+ S} 40 &0 50
teslg)

18 varslans = 1" NPT



Table 2. Temperalure Limits

Elastomer Temparajure Limits
“NBR 10°160°F
*EPDM 10°-210°F
*FPM 10°-240°F
*NBR = Nitrlle

EPDM = Ethylene-Propylene-Diene Terpolymer
FPM = Fluoroelastomer

OPERATION

Sell-Priming. With welted pumping elaments, the pump
Is capable of 25 feet of suction litt when cperaling at 1750

rpm with plpe size agual o porl size.

DO NOT RUN DRY. Unit depends on liquld pumpad for
Jubrication. For proper lubrication, flow rate shoutd be
at least 10% of rated capacity.

Pressure and Temperaiurs Limitz. See Table 1 tor
maximum discharge pressure of each model. unit Is
suitable for service ai temperatures shown In Table 2.
Storage. Always drain pump for exilended storage periods
by removing suction housing bolts and loosening Suction

housing.

TROUBLE SHOOTING

WARNING: Before making sdjustments, disconnect
powear sources and {horoughly blesd pressure
from system. Failure to do s0 could resull
In electric shock or sarious bodlly harm.

Fallure To Pump.
1. Belt or coupling slip: Adjust bett tension ar tighten sel

screw on coupling.

2 Stator tlorn; possibly excessive pressure Aeplace
stator, check pressure al discharge port.

3. Wrong rotation: Rotation must be clockwise when

tacing shatt.
4. Threads in rotor or on shatt strippad: Replace par.

Check for proper rotation.
5. Excezsive suction lift or vacuum.
Pump Overicads.

1. Exceasiva discharge press
pressure for maximum rating given In
for obstruction in discharge pipe.

2 Fluid viscosity 1oo high: Limit fluid viscasity 10 20,000

CP or 100,000 SSU.

ure: Check discharge
Tabis 1. Check

Viscoslty CP Limit RPM
1-300 1750
300-1,000 1200
1,000-2,000 700
2.000-5,000 as0
5,000-10,000 180
10,000-20,000 100

4 insuflicient motor HP; Check HP requirement.

Noisy Operation.

1. Starved suction: Check fiuid suppiy, length ol Suciy
line, and obslructions in pipe.

2. Bearings worn; Replace pars; check alignment, b
tension, pressure at discharge port.

3. Broken flexibie joint: Replace part, check pressurs
discharge port.

4. Insufficient mounting: Mount to be secura 1o finm ba
Vibration induced noise can be reduced by us
mouni pads and shart gections of hose on suclion i
discharge poris.

Mechanical Seal Lsakags (Mechanical Seat Models O

1. Leakaga at startup: If laakage Is slight, allow pum
run savaral hours to st faces run in.

2 Persistsnt seal laakage: Faces may be cracked |
freezing or thermal shock. Replace saal.

Pump Will Not Prime.
1. Alr jeak on suctlon side: Check pipe connectic

MAINTENANCE

Genarst. These pumps have been designed Ic
minimum of maintenance, iha extent of which Is rou
fubrication and adjustment of packing, The pump is
of the easiest to wark on in that the main elaments
very accessible and require few iools to disassem

PUMP ASSEMBLY
Jo Assembls Mechanical Seal Modsls:

1. Press bearings {28 on shaf: (26). and locate sl
ring (77) near bearing on threaded end of shaft.

PUMP DISASSEMBLY

WARNING: Befors disazsembling pump, discone
power sourcs and thoroughly bleed pres:
from system. Fallure 10 do &0 could ra
in slecirlc shock or serious bodily han

To Disassemble Mechanical Seal Modals:
1. Disconnect suclion and discharge plping.

Z Remove screws {112} holding sucticn housing (2
pump body (7). Remove auciion housing and stater

3. Remove rotor (22) from Hexible Joint (24) by tum
counter-clochwise (RH thraad). Use 316 inch diam
punch to semove rotor pin (45} en Model 367.

4. Fiexlble Joint {24) can be removed from shaft (28]
using a 316 inch allen wrench in end of joint {174 1
wranch on Mode! 356} and turn counter-cliockwise. |
3716 inch diameter punch 1o remove shaft pin (48
Modal 367

5 Carefully sfide mechanical saal (69 off shafi (
Carelully pry seal seat out of pump body (1). H i
parts of machanical seal are womn or broken, the o«
plete seal assembly should be replaced. Seal ct
ponents are maiched paris and are nol in
changeabls.

6. Tha bearings (290 and shafl {26 aszsembly can
removed {rom pump body (1) atier snap ring {66} |
been removed. To remove the assambily, lightly tap
shalt at threaded and using a block of wooad to [
|e:||::1 ’:m ihreads The bearings may be pressed off-
shatl



