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5.3 Design and application
5.3.1 Scope

The design portion of this standard provides min-
imum requirements for sealless centrifugal
pumps of the canned motor and magnetic drive
types. Also included are guidelines for application
of sealless centrifugal pumps considering safety,
emissions and reliability.

The pumping portion of sealless centrifugal
pumps is similar to units having shaft seals. H/
1.1-1.5 Centrifugal Pump Standards, 1994, Sec-
tions 1.2 and 1.3 provide definitions and applica-
tion data for all centrifugal pumps which are
applicable to sealless pumps. There are ditferen-
ces, however, in design and application con-
siderations which concern the drive portion of
sealless pumps. This section concentrates on
design and application considerations which are
unigue to sealless pumps and presumes that
background knowledge exists relative to the more
general subject of centrifugal pumps. Even
though the pumps described by this section are
sealless, leakage could occur as a result of cer-
tain types of wear, misoperation, or misapplica-
tion.

5.3.1.1 Introduction

Sealless centrifugal pumps are generally used
when there is a need to contain toxic, dangerous
or valuable fluids or where specific applications
warrant their use. Application may be dictated by
environmental, safety, noise, or space concerns.

For either the magnetic drive or canned motor
type sealless pump, the driven shaft is completely
contained in a pressurized vessel containing the
pumped fluid. Impelier shaft loads are suppored
by product or external flush fluid-lubricated bear-
ings.This arrangement minimizes chances for
leakage, since there is no shaft penetration of the
pressure containment boundary.

5.3.1.2 Alternative designs

Designs not included in this standard may be
considered, provided that they meet the intent
and cover construction features of this standard.
Deviations from this standard should be
described by the manufacturer for the purchaser’s
review. It is also important for both the purchaser
and manufacturer to note that the terms “canned
motor” and “magnetic drive” only describe general
types of equipment. Proper selection and applica-
tion requires detailed understanding of the
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specific design being considered to assure that
safety and reliability can be achieved.

5.3.1.3 Definition of terms

Terms used in this portion of the standard are
defined in Section 5.2.

5.3.1.4 Special considerations for sealless
pumps

Shaft seals are a principal source of leakage in
conventional centrifugal pumps. Sealless pumps
avoid use of shaft seals for primary containment.
The impeller shaft is driven through a fluid con-
tainment barrier either by a rotating electromag-
netic field in the case of a canned motor pump or
mechanical rotation of an outer magnetic field in
the case of a magnetically driven pump. Both
types have a common need for removal of heat
generated by the drive section energy losses and
for providing the proper environment for satisfac-
tory fluid film lubricated bearing life.

Attention shall be given to selecting designs, in-
cluding circulation plans, which meet these needs
for specific applications. Also for most designs, it
is necessary to avoid zero flow and dry running
operation. These considerations are discussed in
more detail in the design and application sections
of this standard.

5.3.2 Basic design
5.3.2.1

5.3.2.1.1 The pumps covered by this standard
shall be designed for a minimum of three years
mean time between overhaul with proper applica-
tion. No warranty shall be implied by this design
objective.

General

5.3.2.1.2 The manufacturer shall assume
responsibility for the engineering coordination of
the pump and all auxiliaries included in the scope
of the purchase order. In cases where the pump
manufacturer supplies equipment manufactured
by others, the manufacturer shall determine
whether the application of these items is com-
patible with each other and with the manufactured
equipment.

6.3.2.1.3 The purchaser shall supply data on
NPSHA, vapor pressure, specific heat, viscosity,
density and temperature of the pumped fluid for
the intended operating range. For volatile fluid
applications, additional data on vapor pressure at
temperatures beyond the operating temperatures
shall be required for the analysis of the effect of
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drive section heat input. The manufacturer shall
specify on the data sheets the NPSHR based on
Hydraulic Institute test procedures. Additional
NPSH may be required compared to NPSHR on
water when pumps are used for more volatile
liquids, depending upon the type of circulation
plan used for a specific application. See circula-
tion plans in Figure 5.9. The purchaser shall also
supply specific heat, viscosity and vapor pressure
information for external flush fluid when used.

5.3.2.1.4 Pumps that handle liquids more vis-
cous and different in density than water shall have
their performance corrected in accordance with
HI 1.1-1.5, 1994, Centrifugal Pump Standards.
Additional corrections may be necessary for vis-
cosity effects on the motor or magnetic coupling,
and, if so, the manufacturer shall provide details
for these corrections.

5.3.2.1.5 Motors, electrical components and
electrical installations shall be suitable for the
area electrical classification (class, group and
division), as well as local codes specified by the
purchaser. Although codes do not specify require-
ments for magnetic coupling type units, caution
should be used since high temperatures may be
produced during certain abnormal operating con-
ditions such as dry running and magnetic decou-

pling.
5.3.2.2 Fluid containment shells

5.3.2.21 The primary design consideration for
sealless pumps is to prevent leakage to the at-
mosphere. Since the primary containment shell
may develop leakage as a result of wear by ad-
jacent rotating parts, corrosion or abrasion,
secondary leakage containment may be required
if specified by the purchaser. The method of
providing secondary leakage containment is dif-
ferent for CMP and MDP. With the CMP, the motor
housing and electrical lead sealing should provide
secondary containment. With the MDP, secon-
dary containment should be provided either by a
double-walled containment shell or by the outer
housing and appropriate sealing of input shaft.
For either type, emphasis should be on preven-
tion of leakage to the atmosphere in the event of
primary shell failure.

5.3.2.2.2 When primary or secondary contain-
ment shells are metallic, they shall be designed
for the maximum allowable working pressure
within stress values for the materials in Section
VIl of the ASME Boiler and Pressure Vessel
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Code. The manufacturer shall indicate whether
Division 1 or Division 2 was used.

The manufacturer shall substantiate design and
test capability for non-metallic primary or secon-
dary containment shells. There shall be a mini-
mum ratio between bursting pressure and design
pressure of 2 to 1 for the pressure/temperature
range.

6.3.2.23 For CMP, secondary containment
shell if specified by the purchaser and electrical
feedthroughs are to be designed to contain allow-
able working pressure for a minimum of 48 hours
in the event of primary shell leakage and shall
have a minimum standby life of three years. If an
oil-filled stator with pressure relief valve is used,
provision shall be made for safe containment of
any leakage past the primary containment shell.
A means for checking secondary containment
periodically shall be provided by the manufacturer
when specified by the purchaser.

Thé purchaser shall be responsible for providing
shutdown devices and procedures required for
safety.

5.3.2.24 For MDP, secondary containment
shall be designed to contain leakage for a minij-
mum of 48 hours in the event of primary sheil
leakage and shall have a minimum standby life of
at least three years. A means for periodically
checking function of secondary containment shall
be brovided when specified by the purchaser. The
purchaser shall be responsible for providing shut-
down devices and procedures required for safety.

6.3.22.5 Induced eddy currents in metallic con-
tainment shells create heat in proportion to the
thickness and the electrical properties of material
used. These thermal changes shall be allowed for
in clearances between rotating and stationary
parts and in the sizing of magnets to ensure
required torque transmission. Cooling shall be
required to control temperature and to avoid flash-
ing or solids formation.

5.3.2.2.6 Primary and secondary containment
shells and seals shall have operational pressure
ratings equal to, or greater than, that of pump
flange ratings.

5.3.2.3 Gaskets and joint bolting

5.3.2.3.1 All assembly gaskets shall be con-
fined on the atmospheric side to prevent blowout.
Design shall consider thermai cycling which may
occur as a condition of service.
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5.3.2.3.2 The pressure containment fastener
load shall not exceed bolt-proof load at 1.5 times
the rated working pressure, considering all load-
ing conditions.

56.3.2.4 Casing

5.3.2.4.1 Suction and discharge flanges shall
have equal ratings and shall comply with ANS1 B
16.5.

5.3.2.4.2 Casings shall withstand hydro test
pressure without permanent distortion. The cor-
rosion allowance shall be agreed upon between
purchaser and manufacturer by consideration of
corrosion rates for fluids and materials involved.

5.3.2.4.3 Vent and drain bosses shall be sized
for a minimum of 1/2" (12 mm) diameter pipe.

5.3.2.4.4 Hydrostatic testing shall be done on
each casing after completion of welding of any

auxiliary piping.

5.3.24.5 For MDP, centerline supported
casings shall be used for horizontal magnetic
drive pumps which use flexible couplings when
pumped fluid temperature exceeds 500°F
(236°C) for non-petroleum services, or 350°F
(177°C) for petroleum services.

5.3.2.4.6 Centerline support of CMP or close
coupled MDP is not required, since flexible cou-
plings are not used and there is no concern with
alignment.

5.3.2.5 Venting and draining

5.3.2.5.1 The entire unit, including casing, drive
section and manufacturer-supplied piping shall
be self-venting or furnished with vent connec-
tions.

5.3.2.5.2 All pumped fluid-containing areas, in-
cluding vendor-supplied piping, shall be drainable
to a residual of a maximum of two cubic inches
(30 ml) and shall be suitable for flushing before
disassembly.

5.3.2.6 Internal bearings

5.3.2.6.1 Impeller shaft-supporting bearings are
generally lubricated and cooled by process or
separate flush liquid for CMP as well as MDP and
are generally of the liquid-lubricated type. For
satisfactory life, control of environment of bear-
ings by proper design and application is essential
to prevent flashing and air or vapor collection and
to avoid solids.
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5.3.2.6.2 Pressure and temperature at bearings
shall be maintained to prevent flashing of lubricat-
ing fluid at expected operating conditions. Con-
sideration should be given to minimum operating
flow, minimum NPSHA and temperature rise
through drive section.

6.3.2.6.3 When conditions of service require
filtration of bearing lubricating fluid, a self-clean-
ing internal design may be used. If external filtra-
tion is required, the filter system should allow for
indicating when filter change is required. Loss of
flow to drive section shall be avoided.

5.3.2.6.4 Bearings are to be designed and ap-
plied considering fluid characteristics, unit load-
ing, corrosion, erosion, wear, heat transfer, fits
and friction characteristics.

5.3.2.6.5 Bearing loading, alignment, shaft
deflection, surface finish and wear-in charac-
teristics of bearing materials shall be taken into
account to prevent local surface failure.

5.3.2.6.6 Materials used for journal sleeves,
thrust collars and bearings often have significant-
ly different thermal expansion characteristics
from shafts and other mating parts. Application
guidelines and limits shall be established by the
manufacturer for specific designs to avoid
breakage or looseness under specified operating
temperatures.

5.3.2.6.7 Active magnetic bearing systems are
being developed by several organizations for use
in sealless pumps. These systems maintain the
rotor in a levitated state, so that no contact is
made between rotating and stationary parts.

The design of a sealless pump with magnetic
bearings should also provide for an auxiliary bear-
ing system to support the rotor when the active
bearing system is de-energized, and for startup
and shutdown. The number of uncontrolled run-
downs allowed before inspection of auxiliary hear-
ings shall be specified by the manufacturer.
Sensors used for positioning of bearings and the
bearing components shall be protected from con-
tact by the process fluid and shall not compromise
pressure containment integrity.

Bearings should be selected to have a load
capacity higher than static and dynamic loads
under the most adverse operating conditions. Ac-
tive magnetic bearings have a fower inherent tran-
sient overload capacity than hydrodynamic

17

Documents


http://www.avadocuments.com/doc/hi-5-3-1998
http://www.avadocuments.com/doc/hi-5-3-1998

(<« of

USA

HI. 5.1-5.& 94 E@ 9009130 0000453 T30 MW

HI Sealless Centrifugal Pump Design & Application — 1994

bearings, so attention shall be given to determine
loads which will result from anticipated operating
conditions.

Cooling shall be required to remove heat from
electrical losses in windings and heat generated
by windage losses.

5.3.2.7 External bearings (MDP)

5.3.2.7.1 Two rolling contact bearings shall be
selected to support the imposed radial and axial
loads on the outer magnet assembly for 24,000
hours L-10 life based on the largest outer magnet
assembly which can be put on the drive frame.
See AFBMA-9 and -11.

The frame with outer bracket design shall be
designed to allow withdrawal from the pump as a
subassembly without need to break the fluid con-
tainment boundary.

5.3.2.7.2 Areplaceable rub ring of a non-spark-
ing material to delay wear of the containment shell
by the outer magnet ring, in the event of rolling
contact bearing failure, shall be provided. Atmos-
pheric corrosive conditions should be considered
in the selection of materials.

5.3.2.7.3 Bearing lubrication can be grease, oil
splash, or oil mist. Qil splash lubricated, non-pres-
sure fed bearings shall have vent and drain open-
ings and an oil level indicator, or a constant level
oiler. When oil mist is used, provision shall be
made to prevent oil from entering the magnetic
drive section.

5.3.2.7.4 Close clearance, rotating labyrinth seals,
lip seals, or face seals on the outboard of each
bearing shall be used to provide bearing protection
from the environment.

5.3.2.8

5.3.2.8.1 Canned motors are generally cooled by
circulation of pumped fluid or by use of external
coolant fluid to remove heat generated by contain-
ment shell eddy current losses, rotor windage loss
and motor electrical losses. Stator winding tempera-
tures shall be maintained at, or below, values estab-
lished for the grade of insulation used.

Integral motors (CMP)

5.3.2.8.2 Thermal protection indication shall be
provided, and the manufacturer shall also provide
the value of the temperature setting.

5.3.2.8.3 When explosion-proof units are re-
quired, the manufacturer and purchaser shall
select the approved design which meets tempera-
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ture and pressure along with the appropriate
division, group and class requirements. informa-
tion on external motor temperatures for specified
operating conditions shall be provided by the
manufacturer upon request.

5.3.2.8.4 The manufacturer shall specify exter-
nal cooling requirements when required.

5.3.2.8.5 Material used for parts which would
come into contact with pumped fluid in the event
of failure of the primary containment shell or rotor
liner shall be identified when requested by the
purchaser.

5.3.2.9 Magnetic couplings (MDP)

5.3.2.9.1 Magnetic couplings are defined in
Paragraphs 5.2.4.7 through 5.2.4.10.

5.3.2.9.2 Permanent magnets have high attrac-
tion forces to ferrous metals and high attraction or
repulsion forces to companion magnets, depend-
ing on polar position. Extreme care shall be exer-
cised when disassembling or assembling the
drive unit to prevent damage to components and
injury to personnel. Methods of piloting and
separating flanges shall be provided in the design
to allow for safe disassembly and reassembly of
magnet drive section.

5.3.2.9.3 Allowance for torque required to ac-
celerate impeller rotor assembly, considering ac-
celeration rate of drive motor, shall be made by
the manufacturer. Allowance shall also be made
for: maximum specified specific gravity, viscosity,
temperature and flow. Deterioration of magnetic
strength shall also be considered. Application
guidelines for specific designs considering these
factors shall be established by the manufacturer.

5.3.2.9.4 Heat generated by eddy current los-
ses and windage losses shall be removed by
pumped fluid or by supply of external cooling fluid.
Torque capacity is dependent on the coupling
mechanical design, temperature and magnet
material used. Magnetic material temperature
shall be maintained at or below rated values for
the material used.

5.3.2.9.5 Loss of cooling flow and decoupling
will result in very rapid heating of the metallic
containment shell. When the pump rotor becomes
decoupled, continued turning of the outer magnet
assembly will cause rapid heating of the inner
magnet assembly. Even though explosion-proof
rating of magnetic couplings is not generally re-
quired, precautions should be taken if potentially
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flammable vapors are present which might con-
tact the containment shell.

5.3.2.9.6 Handling of fluids containing magneti-
cally attracted particles should be avoided unless
particles can be effectively removed by a mag-
netic filter, since such particles are collected by
the permanent magnetic fields and can cause
erosion and blockage of fluid flow passages.

5.3.2.9.7 Materials used for parts which come
into contact with pumped fluid in the event of
failure of the primary containment shell or inner
magnet liner shall be identified by the manufac-
turer.

53.2.10 Dynamic balance

5.3.2.10.1 Impeller, inner and outer rotating as-
semblies, or components shall be balanced to a
minimum ISO 1840, Grade G 6.3.

5.3.2.11 Materials

5.3.2.11.1 Careful consideration of corrosion is
important. The manufacturer should offer
guidance to the purchaser regarding selection of
materials which are particular to the design in-
volved (such as containment shell and rotor en-
capsulation members).

5.3.2.11.2 The purchaser shall specify any cor-
rosive chemicals which need specific considera-
tion for the particular design or application
involved. Included should be compounds which
may cause stress corrosion cracking or hydrogen
embrittlement.

5.3.2.11.3 If austenitic stainless steel parts ex-
posed to conditions that promote intergranular
corrasion are to be fabricated by welding, they
shall be made of low carbon or stabilized grades.

5.3.2.11.4 Minor wetted parts which are not
usually identified such as nuts, baolts, springs,
washers and keys, shall have corrosion resis-
tance at least equal to that of major parts.

5.3.2.11.5 When requested, the manufacturer
shall supply chemical and physical certifications
for pressure-containing parts, impeller and shatft.

5.3.2.11.6 When the following materials are
used, the parts made from them shall conform to
the materials and related specifications listed
below:
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Material

Material Specification

Cast ductile iron

ASTM A 395 or A 536

for nonpressure-
containing parts

Cast carbon steel ASTM A 216 - Grade

WCB
Cast high alloy steel ASTM A 744
Cast Cr, Mo, Ni ASTM A 494

stainless steel

ASTM A 666 — low
carbon grades
when welded

ASTM B575

Wrought austenitic steel

Wrought Cr, Mo, Ni
stainless steel

Wrought Cr, Mo, Ni, Cu
stainless steel (Ailoy 20)

ASTM B 463 — with
supplement S1 when
welded

No repair by plugging, peening, or impregnation
shall be allowed on any pressure-containing,
wetted metal parts.

Welding of piping, pressure-containing parts, or
wetted parts, and any weld repairs, shall be per-
formed by operators and procedures qualified in
accordance with section VIH, Division 1, and Sec-
tion IX of the ASME Boiler and Pressure Vessel
Code.

Weld repairs shall be inspected to the same level
of quality used for inspection of castings.

5.3.2.12 Circulation plans
5.3.2.12.1 General

It is necessary through design of unit, selection of
circulation plans and applications attention to
control bearing environment for satisfactory life
and to control temperature of motor windings or
magnetic drive components. Typical circulation
plans are shown in Figure 5.9. Based on the
application data supplied by the purchaser and
design of his equipment, the manufacturer shall
recommend the most suitable circulation plan.

5.3.212.2 A combination of factors shall be
controlled and selected to provide:

a) Clean liquid (not vapor) forinternal bearing
lubrication and cooling over the intended pump
operating range and conditions;

b) The temperature of magnetic coupling or
motor winding components which is within
proper application range for materials selected.
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