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1. OVERVIEW

ANSI pumps, similar to the one shown in Fig.
1. are used exlensively in the chemical
process indusiries. The pump is a single
stage, overhung, end suction design built to
ANSI specifications (Ref.[1]).

Introduced in 1961, this pump was
redesigned in 1991 by enhancing power end
features. The redesigned new version was
named the "X-Series". Inthe "wet" and, the
casing and impeller did not change but new
seal chamber designs were added. The new
design constitutes improvements as shown
in Fig. 1 and 2 and Table 1.

These changes were made not only to
improve the design, but also to maintain
complete interchangeability with thea old
design for field retrofits.

This improved design was targeted to add
value to a product, by increasing Mean Time
Between Scheduled Maintenance (MTBSM),
and Mean Time Between Failures (MTEF).

To quantify these Improvements, a reliability
testing program to confirm analytical
methods used in this paper, was conducted.

This technical paper presents the results of a
study conducted to compare
pump/components reliability, in terms of
extended bearing life and reduced
maintenance costs, for a typical ANSI pump,
equipped with a new design frame (MTX)
versus the old design (MT).

Rather than analyze all of the features
mentionad in Tablae 1, it was decided to study
the effects of just one of the features, namely
the larger bearing oil sump. The effects of
other features are available for presantation
in separate studies, in order to keep each
subject focused and within reasonable length.

The following discussions are, therefore,
concentrated on the effect of the larger oil
sump on bearing life, iIncreased cycle life and
reduced maintenance costs for a typical
installation. Analytical formulations,
assumptions and conclusions are presented
first, followed by the test data as outlined in
the table of contents.

Table 1
X-Series features

liquid volume for cooling.

Optional C-tace adapter for simpler pump-to-motor alignment and, in turn, reduced

1. Larger oil sump volume.
2. Sight glass for easier monitoring of actual oil level.
3. Rigid frame (more rigid, solid) foot for better resistance to pipe load effects.
4. Standard carbon-filled Teflon® labyrinth oil seals. Magnetic seals are optional.
5.
vibration.
B.

Large seal cavity for betler seal life via improved seal heat conditions and larger




Power End Comparison

Sight Glass (Oil level)

134A 614
123 arac 0D
A
3338
i 3334 ) ya
= o
1
/ . 1224
aron —
FA2A
ks 1684
415 L]
251 Conneciion
496 F i
228/ or optional
o8 IT0F 241 fﬂ'ﬂﬂ'
nection
AHE Coaling c:?ull {4r54}
MT {(clder design) MTX (enhanced design)
Maintenance Parts Is it interchangeable?
Item No. Description N YES | NO Comments
112A Ball Bearing - Outboard X
1224 Shaft with Locknut & X
Lockwasher i
123 Deflector X |Not used on STX |
126 !Shaﬂ Sleave X
134A Bearing Housing X
168A Ball Bearing - Inboard X
228A Bearing Frame (Sub-Assembly) X
{241 Frame Foot (8.25" or 10 CL) X
251 Constant Level Oiler X Optional on MTX
3324 il Seal - Outhoard X Labyrinth or Lip
333A Qil Seal - Inboard X Labyrinth or Lip
360D Gaskel—Frame to Adapter X
361A Retaining Ring - Bearing X
Housing .
370C, D Bolts{Nuts - Impeller Adjustment | X
370F Capscrews—Foot to Frame L X
415 Jam Nuts—Impeller Adjustment X
496 O-ring - Bearing Housing X
494 Bearing Cooling Coll {if required) | | X |Not used on MT

Figire 1: Power End Comparison



Enhanced Power End

Designed for Reliability,
Extended Pump Life

This power end is the result of cusiomens’
requirement for longer pump life,

Significant improvemants have been
made to increasa bearing life, decrease

maintenance costs, -
CARBON-FILLED TEFLOMN*
LABYRINTH OIL SEALS E
Prevant comtamination of lubricand, the -
primary causes of promature . =
baaring failure,
a EXTHA LARGE a—
OIL SUMP -
Large oll capaelty provides
optimuem heat transfes for
coaler unning bedamngs,

SHAFT/BEARING ASSEMBLY i
Shaft designed for minimum deflaction for long seal
and beaging life. Baarings ﬂeﬂfnfnpﬂmuﬂ Ilh
Duph;r: thrusi bearings

LARGE OIL SIGHT GLASS

Aborers for viawing condition and leval of
@il - crifical for bearing e, Frame pre-
drilied for optional botie oller.

RIGID FRAME

FOOT ) CONDITION
Aeduces effect of pipa MOMITORING SITES
Inads on shaft akgnment. Allow essy and consisterd
Purrgdriver maniscring of emperatures and
alignment s batter vibration for preventive
mairtained for maintenance, Optional
extandead bearing and irstallation of sensors.
seal life,

C-FACE ADAPTER
X-Seriea Power Ends

accommodate optional
C-Face motor

adapter - simpifies
purmpelor slignment.

*E I, DuPont Reg. trademark

ﬂ'—h_

Figure 2: Highlights of X-Series features



2. FEATURE ANALYSIS

The ANSI X-Series pump has a modular
design, and has three main power end sizes:
STX, MTX and XLT-X. The "X" designation
indicates the new power end design.

The MTX bearing frame size covers the
majority of applications, and can be
reasonably called a "typical" bearing frame.
The analysis performed in this work used
MTX versus MT power ends, although basic
conclusions and findings of this work apply
similarly to other frame sizes.

A key to a trouble-free operation of the pump
power end is life extension of its ball
bearings. Bearings and mechanical seals
are known to contribute to the majority of
pump failures.

The life duration of ball bearings depends on
several factors. The most important of these
factors is lubrication and the condition of the
oil in the sump. The MTX frame (new
design) has an oil sump with approximately
three times the capacity, of the older design
MT frame. An MTX frame contains 2.6 pints
(42 oz) of oil as compared to 0.8 pint (13 oz)
for the MT (Ref. [2]).

There are several benefits 1o this: cooler oil,
a cleaner lubrication environment and
reduced oil oxidation. Specifically, a wider
sump makes it less sensitive to oil level
fluctuations by turbulence, while running with
a constant level oiler (option to a sight glass,
which is standard). A greater sump depth
results in particulate settling at the bottom
and cleaner oil reaching the bearings, as well
as an increase in net heat transfer area of
the housing walls.

2.1 Effect of free surface area increase
The X-Series is provided with a sight glass,
which gives an accurate indication by visual
observation of the oil level in the bearing frame.
A constant level oiler is available as an optian,
with the tap provided for quick installation, if
desired. In this section we will analyze

operation of the bearings and oil condition
with the oiler installed, as the case may be,
The phenomenon called "oiler burping” is
well known in the industry, and can be
described as follows. Consider an oiler
attached to a bearing frame as shown in Fig.
3A, when the pump is not running, and the
oiler has just been filled to a proper level, as
specified in the oiler setting instructions,
dimension "A" ("%4zin. for MT/MTX frame).
(MNaote: It may be halpful to obtain a copy of
Technology Note #2 (a VCR tape) for better
visualization of the oiler operation and proper
oil filling method, Ref. [B].)

Initially, the level of oil in the frame Ly, is
equal to the level in the oller Laiea, which
actually controls the level in the frame by
cutting off the supply of air into the oiler glass
chamber as oil rises to Laegs duning oil filling
(Ref [8]). At this point the oil level inside the
oller chamber is at Lenambary level,

Alr pocket in cder chamber

Bearing Housing Lonamcertal
iy
AvETEpeE L
T ij
Logerjny
3 average

i

.t

I

Bearings with lower ball in bottom position shown

Figure 3A: Oil level as initially set after fill. Prump
not running (L) = Loiler (AL

Consider now what happens when the pump
starts, The disk friction action of rotating
bearings picks up some oil from the housing
and forms a rotating liquid disk. The level of
oil in the oiler will drop to level Lo 10
compensate for the "disappeared” oil in the
sump Lyggy, (Fig. 38).



#ir pockel in ollar chamber Air pockal in oiler dhamber
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Figure 3B: Oil level dropped as a result of some oil Figure 30: Ol level waviness caused by turbulence.
taken tnto rotation by bearing, as pump starts up.

m i = . Mow, the oil can find ways among the
Clearly, air can now get into the oiler turbulent peaks and valleys to flow into the
chamber (as shown) where it will displace frame, lowering the level in the chamber to
some more oll out of the glass chamber into Lenamberoy, @Nnd the level in the frame will be
the ciler and housing. The oil level will rise higher than required, covering the lower ball
until it will touch the lower end, i.e., the above its center. This oiler "burping” wil
opening to the glass chamber, cutting off any  continue until the oil rises high enough to
further air supply (Fig. 3C). prevent air from entering the glass chamber

Alr pocket in olier chamber even at the lowest "valley" of the turbulent
level (Fig. 3E).
Alr pocket In ciber chamber

Bearing Housing

Fottn
o i
Lonamtaes fE)
i
I Loyt i1y
Bearings with lower ball in bottom position showh

AN ‘rh“x“ﬁa

Figure 3C: Oil level in chamber Lehamber (C) dropped b i, i Bl sl i

to compensate for rotating oil in bearing frame.

. ) E: Stabilized operation. Turbulent oil, with
The process, by fiself,is not detrimental topump  F8WTES = S tse aPert o igned
operation, since the oil level will still be at the effective average level higher than destgned
desired level (center of the lower ball). This resulting higher oil level will cause
orabien e er, thet the levels L increased heating due to the churning

and Ly are not perfect, but exhibit waviness of the oll-bearing contact and, in turrnt,] will
1 - - - .I
due to turbulence and churning of oil in the negatively affect bearing life (as will be

I ing housing. shown later),

As a result, the following regime may exist,
(Fig. 3D):



Let's designate the difference between this
artificially high oil level and design level, as
AL, illustrated in (Fig. 4).

:"' _______ l’_LsﬂEﬂ'.
L s
- '@ﬁq;m— gk

Figure 4: Overflooded bearings
due fo oiler "burping” effect.

MNote that in cases when the oiler option is
chosen (versus sight glass) the setting of the
oil level is "blind". A maintenance mechanic
sees the oil in the oiler, and therefore Is
unaware of the oil level being too high at the
housing. Obviously, the sight glass option
would solve this problemn, since no bottle
oiler is present i.e., no "burping", and the oil
level can be properly adjusted when the
pump is started.

Furthermore, even if the oller option is chosen
for the MTX frame, the turbulence of oil in the
frame would be less due to increased free
surface (as well as greater depth). This would
have a dampening effect on turbulence.

In order to quantify the effect of increased free
surface on bearing life, the following testing
was conducted. An MT frame was used for the
tests, equipped both with the oiler and special

oll level gauge, for visual verfication of the level.

First, the "AL-testing” (Fig. 4) was done. The
frame was filled with cil via bottle oiler, and
the level in the oiler chamber was recorded.
The pump was started and ran until all oiler
"burping” stopped. The level was checked
again, and was found to be increased by

approximatety 14gin.

The question became: How to quantifiably
relate this data to bearing life?

To answer this, another set of tests were
conducted for each frame, to determine the
effect of ball submergence on oil and bearing
temperature, and, correspondingly, on
bearing life.

Five oil levels were studied, (Fig. 5).
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Figure 5: Bearing odl snbmergence fest,
foreffect on ofl termperature.

a = oil barely touches the lower ball
(designated as 0%)

b = oil level between bottom and center of the
lower ball (25%)

= middle of the ball (50%), design setting
d= 75%
e = 100% (ball just completely covered)

= 125% (oversubmergence)
g = 200% (almost half of the shaft covered)

g (126%)
a (100%)
d {75%)
& [50%, design leval)
b (25%)
= %)

firesar nadl

Tests were run for 4 hours each, to ensure a
steady state temperature was reached (Fig. 6).

As expecled, the increased level of ol
covering the lower ball caused an increased
oil temperature. The bearing temperature
was also directly measured and found to be
very close to the oll temperature.

Mote also that the temperature decreases
significantly for the oll level below design,
50%. This is due to reduced chuming of oil
in the sump, and the existence of an initial oil
film within the bearing itself. However,
continuous operation in this mode is not
allowed. Eventual oxidation and
deterioration of oil film in the bearing without
a sufficient supply of fresh oil, will quickly
cause bearing failure.

Before we derive the relationship between
bearing life and the oil level {as shown to
vary due to oiler "burping”), it is important to
briefly review the basics of bearing life
calculations.

1 (200%)



4] a0 100
Percent of Lower Ball Coverage {50% = design level)

Figure 6: Oxl temperature as a function of oil level at

150 = 200

2.2 Bearing life (as designed)
In the following analysis we will use data
from the SKF bearings manual (Ref. [3]).

Both MT/MTX frames use 6308 radial
bearing, and 5309 A-C; thrust bearing. The
thrust bearing operates under higher load,
and therefore determines bearing life
minimum requirements,

The maximum design loads imposed on this
bearing are the radial load, Fg=400 |bs, and

the axial load, F;=900 |bs. These are caused

by pump hydraulic loads (worst case),
transmitted to the bearings due to the

the lower ball. internal pump pressure distribution.
B
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Table 2
Principal Basic load ratings Fatigue Spead ratings Mass  |Designation
dimensions dynamic static load limit | lubricatian
d 8] B C Co Pu resss o
mm N M rimin kg
i it Iof 4 -]
45 100 349 60 T2.800 53,000 2,240 4 500 6,000 (115 53004
1077 39370 1% 16400 11,800 504 255

Table 2: Data for the 5309 A thrust bearing, used for MTIMTX frames (Ref. [3], courtesy of SKF)

Dimenaions Abutment and fillet Calculallon tactors

dimensions dynamic sialie
d iy D4 Mz a da Dy fa Fa/Fr=am FaFr=a

min it gl ! & X i X ¥q

™ mim mm

in in in
45 56.0 a1.1 16 1] 54 a1 1.5 0.80 1 0.78 0.63 1.24 0.66
17717 2206 38T Q050 2283 |22128 36583 0.050

"




Table 2 p.10 contains basic parameters for
the 5309 A bearing. The calculations for the
bearing life usually done for basic rated life,
for 90% reliability, L,y and adjusted rating life
Laa {Flﬂf [31. p. ‘:E}
1

Lo= (2" s
C is basic dynamic load,

F is an equivalent dynamic rating.
(C=16,400 lbs., for 5308 A bearing):

Loa = 84 8 g3 OF Lya = 84 @z3 Lyg,

where

a, = 1 for 90% reliability calculations (Ref [3],
p.31), and

8z; is a material and lubrication factor,
obfained from charts.

(hrs), where

1,000

U4 500
mm-/s

10 T

10 20 S50

The equivalent dynamic load can be
calculated as follows (Ref. [3], p. 42):

P = XF: + YF,,
and for 5309 A bearing (Table 2) it is equal to:

P = 0.63 x 400 + 1.24 x 900 = 1368 Ibs.

The required oil viscosity for adequate
lubrication (Fig. 7) can be determined from
Diagram 1 of (Ref [3], p. 32), and is equal to
1y = B.2 c5t. The oil used for MT/MTX
frames is IS0 VGBS high quality turbine oil
and recommended temperatures range from
120°F to 180°F. (Fig. 8) shows Diagram 2
from the same reference [3], showing
viscosity versus temperature. Using 120° F,
we will get 1= 45 ¢S5l actual viscosity, which
wauld give us a K (kappa) factor of

H— —"'5;"5_2 2.9
L |

100 200 500 1,000 2,000

— dy=(d+D)/2 mm

Figure 7: Minimunt required ofl tiscosity for a groen bearing dw, (Ref. [3], p.32)

2
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Figure 8: Ol viscosity vs. tesperature, (ref. (3], p.33)

The coefficient az can now be read from the
chart in Table 4 (Ref. [3], p. 34, Diagram 3):

5
&z3 1
2 -
..-"'
1
_.-II'
MIIII’
i ol o2 as i 2 5 10
—4"{:“}1'

Figure 9: Material and lubrication cocfficient versus
viscosity factor, (Ref, [3]. p.34)
ForourK=55 a,3=25

We can now calculate the bearing life,

164[![: _10°

ol JLA —_
Lio= (365 60 x 3580 ~ 2021 hrs.
and

Loa= 2.5 x 8021 = 20,052 hrs. = 2.3 years.

This value exceeds the minimum reguired
bearing lifie of 17,500 hrs, per ANS| specification
(Ref. [2]). It is possible to construct a
relationship batween the oll temperature and
bearing life, for any bearing. Fig. 10 shows such
a relationship using Figs. 8 and 9.

Bearing Lifa
Lo, hrs,

[y
20,000

16,000
18,000
17,000
18,000
15,000
14,000
13,000
12,000
11,1000
10, O

120 130 140 150 160 170 1ﬂh

Toil °F (stabilizad)
Figure 1tk Bearing life, Loy, as a fimclion of o1l
temperature,

The value of 17,500 hours (as stated in the ANSI
specification), corresponds to approximatety

140°F oil temperature. In this range (Fig. 10} the
increase in each 10°F represents approximately
2000 hours decrease in bearing life, or

2000

17,500
if we combine Fig. 6 with Fig. 10, a
refationship between the ball submergence in
oil and bearing life becomes evident, (Fig. 11):

x 100% = 11.4%,

Using 50% oil coverage as a design value,
with =10% as tolerance margin, (Fig. 11)
provides a useful relationship for determining
the optimum lubrication regime. It indicates
too low a level (film deterioration), or too high
a level (possibility of frame seal leakage).

The difference in values for bearing life
between MTX and MT frames due to
differences between the actual oil operating
levels in these two frame designs was
determined from Fig. 11. As was shown in
section 2.1, the oiler "burping” effects were
analyzed and tested. The AL level fora MT
frame was 45", (Fig. 4).

13
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Fig. 11: Relationskip between ball submergence and
bearing life. (Note: chart given for composition
purposes, Actual design values are
higher for both MT and MTX).

Obviously, since the MTX frame comes with
the sight glass, no variation in AL level need
be accounted for, since the sight glass allows
visual control over the oll level.

AL = 14g" corresponds to approximately 59%
level (or 9% over design level) for the ball
size of 5300 bearing being approximately
0.69" diameter, (Fig. 12). This corresponds
to approximately 400 hours decrease in
bearing life, per (Fig. 11).

Fig 12: Onl sulnnergence change due to oiler "burping”.

14

Again, using 17,500 hours as a design
bearing life, this decrease corresponds to
400

T_ﬁ: 1005 = 2.3% .

We can now say that the referenced "burping”
effect due to oller means 2.3% Iife decrease as
compared to MTX. In actual installations, even
higher levels were reported, so that 2.3% is
possibly conservatively low.

2.3 Effect of deeper sump on oil
oxidation rate

The new design (MTX) sump is considerably
larger in volume (nearly tripled); the
dimensional ervelopes of cil in MTX and MT
frames are shown in Table 3:

Greater sump volume (more oil) has deterring
effects on oxidation of oil. Since oxidation
takes place mostly at the layer of oil near the
free surface and propagates into the oll with
time, oxidized oils are present in lower
amounts in a larger sump case. The oxidation
of oll chemically transforms its most unstable
constituents into acids, resins and other
residues (Ref. [4], p.514). The accepted rule of
thumb is that an increase in oil temperature of
10°C (18° F) doubles the oxidation rate. A
prominent "Installation and Operation Manual®
(Ref. [5]). recommends an oil change at least
every 6 months. As was shown in section 2.2,
the MTX design results in approximately 40°F
cooler oil, (Fig. 11), at design oil level. To
achieve the same rate of oxidation for the MT
frarme as for MTX, the cil would need to be
changed more frequently; its axidation rate
would be

1 + %45 = 3.2 times greater,

The frequency of oil change would,
comespondingly be 842 = 1.9 months, or the
larger 6.4 times a year, versus 2 times a year
for the largest MTX frame.

Typically, an oil change takes 15 minutes,
which, at a rate of $60/HR, is $15, plus the
cost of oil, say, of §5, to a total of $20 per
change. The net savings would then be:

$20 x (6.4 - 2) = $88 per pump per year.



Table 3: Dil Sump Comparison R
MT MTX Ratio = Mg

Sump width, in 5.42 5.94 1.13
axial length, in. 475 4.75 1.0
sump depth, in. 1.18 2.75 233
(approx.) volume, in.> (cm®) 29.4 (482) 77.6 (1269) 2,63
(actual) volume, in.” (cm®) 23.4 (384) 76.3 (1250) 3.26
(Note: dimensions are approximate, due to simplification of internal geometry to a "block"
shape. Actual volumes were measured by filling with oil).

2.4 Effect of sump depth on and

contamination concentration Fu 504
The deeper sump allows contaminants to ne =05 355 =0.18 (MT)
seftle at the bottom, allowing bearings to The life correction factors asg: can be read
operate in a cleaner oil environment. Aswas  from Ref [3]. pg. 36, which is reproduced in
shown in Table 3, the new sump design is Fig. 13.

2.3 times deeper. To quantify the effect of ‘
contamination reduction, we will again refer For clean oil, askr = 50, and for

to the SKF catalog (Ref. [3]): contaminated asye= 24, with a ratio of
50
Assume that an MTX frame contains oil in aq =21

average concentrations allowing clean
operation (n. = 0.8), and an MT operates in a
somewhat contaminated regime (n.=0.5).

Using the values for bearing fatigue limits

. discussed in the previous section would
frun;:’abla 2, ;ica.n calculate the quantities: teckics the alfacts. of contamination.

ne 5= 0.8 1388 = 0.29 (MTX) Similarly, a larger sump is a good way to
directly reduce the effects of oil
contamination on bearings life.
Table 4: Effects of oil contamination (Ref. [3], p.40, courtesy of SKF)
Values of adjustment factor c for different degrees of contamination (SKF catalog)
Condition e *
Very Clean
Debris size of the order of the lubricant film thickness 1
Clean
Conditions typical of bearings, greased-for-life and sealed 0.8
Normal
Conditions typical of bearings greased-for-life and shielded 0.5
Contaminated
Conditions typical of bearings without integral seals, coarse lubricant
filters and/or particle ingress from surroundings 0.5.. 01
Heavily contaminated

* The scale for ne refers only 1o typical solid contaminants, Contamination by water ar other fluids detrimental
to bearing life is not ncluded

**Under extreme contamination, values of n: can be oulside the scale, resulting in a more severs reduction of
life than predicted by the equation for Loaa

This illustrates that cleaner oil can potentially
more then double bearing life.

Obviously, more frequent oil changes as

15
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Figure 13: asxy correction factors die to ol confaminalion. {ref [3], p. 36)
2.5 Effect of increased heat transfer  In this study, we will assume that all heat is
surface transported to the outside air via bearing
Friction from the bearing motion results in frame outside surfaces.

heat generation. This heat is rejected to the
oil, and must be carried oul 1o the oulside air First, let's calculate the amnq.[nt of heat
via conduction through the frame walls, and ~ 9enerated by the bearing, using (Ref. [3], p. 46).

convection to the outside air. Some of the NE =1.05%x 10" x M x BPM (heat),

heat also being transported to the pump

casing via shaft and bearing spacer plece. where

For the cases of pumpage temperatures in M = 0.5 MFd,

the range of 120 - 180°F, this axial and

conduction is relatively small, due to the M=0.0015, for deep groove ball bearings,

small temperature gradient between the
bearing frame (heated by oil) and the casing

(heated by pumpage).

18



F = B0BON (1368 Ibs.), bearing load,

d= 45 mm,

so that

Ng =105 x 10 x (0.5 x 0.0015 x G080 x 45)
BTU

¥ 3580 = 120 W = ﬂEm

The radial bearing also generates heat.
Usually it is approximately 25% of the thrust
bearing, i.e.

432 x 0.25 = 108 L—l?, and total heat is

BTU
432 + 10B =540 o)

The heat transfer surfaces of the bearing
housing can be approximated as a series of
cylinders, with areas as shown on {Fig. 14).

Aex Mg
i ‘rl Eq’
¥ lete rl s
'Y i: - A
B [+ ] [
Furvip Eind S FhEEE ety 71 1T Couping énd
IL!| Ls Il-l I

Figure 14: Bearing frame geowmelry approximations
for heat refection analysis

The surfaces (cylindrical and ends) (Fig. 13)
can be calculaled as follows:

Ay = mDyL, Ags= 'Ii! (D% - D%)
A = 7Dl Aey =7 (D% Dy
Ag = mDals -!'IEi-_'%D?ﬂ

Aei= 5 D

Table 5 lists measured approximate
dimensions for the surfaces in (Fig. 13) for
MT and MTX frames:

__Table 5: Data for bearing frame surface |
MT MTX

D, in. 11.0 11.0
D2 7.5 8.5
D3 7.0 10.0
Li _ 5 5

| Lg 7.0 60
La 5 1.5
A1, in® 17.3 17.3

Az 164.9 160.2

Az 11.0 471

|_AET 95.0 950
Aps 50.9 383
Aga 57 27.8
AE4 385 78.5
ATOTAL, in® 383.3 464.2

4642
The MTX frame has g3 3~ -2 (21%)

grealer total heat fransfer area of the bearing
frame outer surface. This results in cooler
surface and cooler oil, as can be seen from
the following calculations.

The mechanism of this heat transfer is
shown in (Fig. 15):
Figwere 15: Heat transfer mechanism
{rypécal wall Mickness)
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Assume that for practical purposes
Tin = Toil, and write the conduction egquation
through the housing wall:

1w



Tout = Tin

Q =k Ain "

, where k = 34.9

8TU
HR x FT x °F

for iran (ref [B], p.B35)

For convection:

Q = hAout (Tout - Tair),
where

he 27— (Ref (71, p. 285)

HRFT® F
Let's assume for simplicity

Ain = Ao = Arora (from Table 4), and
outside air temperature

Tair = 100°F {summer).

Calculations for temperature distribution are
now straightforward:

MT frame:
Tm=Tm+ﬁ=1m+i=‘l?ﬁ.1"F
07 53833
144
Al
To= Tt N = {761 + 20 XA /) _ (e
kA g B3
144
MTX frame:
Tout = 100 + —22 . = {G2.0°F
57 54642
G T
540 x (41
Tin=162.0+ 22XA2) _ 460 oop
=47 144

It is clear from the above calculations that the

oil temperature is lower for the larger sump
design (MTX) by

17563 -162.2=131"F,

just due to the effect of the increased outside
heat transfer surface of the housing.

In (Fig. 10), this translates to approximately
2200 hrs difference in bearing life, or, using
17,500 hrs as nominal design life,
2200
17,500

2.6 Summary of above effects
In the above sections (2.1 through 2.5) the
following was demonstrated:

x 100% = 12.6% improvement.

a) Free sump surface extension (section 2.1,
2.2). increases bearing life by 2.3%

b) Deeper sump decreases oil oxidation
concentration and results in savings of
approximately $88 per pump per year.
(section 2.3)

c) Deeper sump also reduces oil
contamination at the bearings and
improves life 2.1 times (section 2.4)

d) The increased heat transfer surface keeps
the oil cooler and extends bearings life by
12.6%.

The next section quantifies the above data in
terms of economic benefits.



3. ECONOMIC BENEFITS

In section 2.6 it was shown that the new
X-Series design improves bearing life by a
total of approximately 124.9%, plus an
additional $88 per pump per year savings
due to improved oil conditions.

These savings can indeed be materialized
since they apply to real pump installations in
a realistic field operating environment.

However, lab testing comes in handy when a
particular feature of a pump such as sump
volume is compared with another pump. Such
testing can examine ciler setting effect on
temperature, bearing submergence affect, and
other readily identifiable and quantifiable data.

Additionally, it is important to account for
benefits due to decreased pump downtime
(as pumps get more reliable). This obviously
improves plant production output. Let's
examine this briefly.

ANSI specification stipulates a 2-year
{17,500 hrs) bearing design life. This means
that the number of bearing changes due to
scheduled and unscheduled maintenance is
about 0.5 per year. With the X-Series frame
improving bearing life by 124.9%, this
constitutes almost 4.5 years, or 0.22 bearing
changes per year. Assuming that typical

maintenance on a pump takes about 4 hours
at 560 per hour, it is easy to estimate yearly
savings:

(60 x 4 + 20) x (0.5-0.22) = $72.80

{an average of $20 was assumed as the cost
of bearings). Adding to this $88 savings due
to cleaner oil, the total is:

$72.80 + $88 = $160.80, per pump per year.

A lypical plant may have several thousands
pumps installed. Assuming there are 3000
pumps at the average size plant, the total
maintenance savings would amount to
3160.80 x 3000 = $482,400 per year.

Flant maintenance departments can best
estimate additional savings due to improved
production as related to increased pump
reliability. For example, the following logic
can he applied:

For a typical plant, each hour of forced
downtime can cost, say, $500 in lost
preduction. The MTX frame, with 0.22 outages
a year for 4 hours each, accrues

0.88 hours of lost production per pump per
year. The MT frame has 0.5 outages, or
0.5 x 4 = 2 hours downtime.

The savings are:

500 x (2 - 0.88) = $560 per pump per year,
and again, using 3000 pumps per plant,
560 x 3000 = $1,680,000 for the plant!

Obviously, as was stated earlier, a more
accurate assessment can be done locally by
each individual plant using their own data. The
general trend in savings nevertheless is clear.
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4. TESTING

A testing program was conducted at the
Technology Center to verify the theoretical
calculations and to support with data the
assumptions made in this paper.

Two ANSI 3156 pumps were tested, having
two different power ends, but with identical
hydraulics. The first was an older design,
MT frame, and the second was an MTX
frame (X-Series). (Fig. 16) is a side-by-side
comparison of these two designs.

The following tests were conducted:

1. Effect of oil level on bearings and oil
temperature.

2. Oiler "burping" effect, increasing oil level
in the sump.

L TTLLTRUINE CRTRREATAN TS
PHRLLRURAAT TN

A
s MY VALY

IR L RS
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4.1 Effect of oil level on oil
temperature
As discussed in the previous sections, the
level of oll in the bearing housing, covering the
lower ball to different submergences, causes
increased churning effect, and results in
increased oil and bearing temperature,
leading to the bearing life reduction (Fig. 11).

The oil level was controlled by visual
observation via sight glass with calibration
marking for 0%, 25%, 50% (design level), 75%,
100%, 125% and 200%, (Fig. 17 and 18).

Figure 17; MTX oil level calibration template.

Figure 16; Comparison of mew (MTX) (foregrowa)
and old (MT) designs,



Fignre 18: Ol lepel (MTX frame) as soen through the sight glass.
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The old design does not have a sight glass
provision. A special L-shape oil level gauge
was used to indirectly measure the oll level
for this case, (Fig. 19).

Figure 19: Ofl level gauge used to measure [evel for
the MT frame.

In this testing, constant level cilers were not
installed. This eliminated the effect of oiler
"burping", and allowed concentrating on the
oil level effect on temperature.,

Pumps were run for 4 hours at each oil level
setting, until steady state equilibrium
temperatures were reached. Thermocouples
were imbedded in the oil and at the bearing
outer race. The steady state temperature of
oil and bearing were found to be very close
to each other (Fig. 11).

4.2 Qiler "burping” effect
An MT frame was equipped with an oiler and a
special oil level gauge, instrumented (Fig. 20.)
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Figuire 20: MT frame equipped with a constant level
oiler and a special level gauge, for “burping” testing.

The pump was started and ran until oller
"burping" stopped, which took approximately
10 minutes. The pump was then stopped
and restarted again, causing additional
"burping.” After 3 such cycles, no more
burping was observed, and the final oil level
in the housing increased by approximately
1/16in., as discussed in Section 2.2 and (Fig.
12). This data is believed to be conservative,
sinca the additional piping which was
required to install level gauge (with elbows,
nipples, elc.) causes a restrictive dampening
effect on the oil turbulence, or "waviness®,
(Fig. 3). The above instrumentation method
was necessary simply because the MT frame
provides no other method to directly control
oil level. This is anather example of the MTX
(with sight glass as standard) design
advantage.

Therefore, a 2.3% life decrease due to the
oiler burping s believed to be conservative
and may probably reach 6 - 7% for the actual
particular installation in the field.



5. SUMMARY

This paper presented some of the results of studies continue on other elements of
work done at the Technical Center of apump  pumping systemns, to similarly quantify their
manufacturer, on the subject of improving effect on both components life

pump reliability, and its impact on MTBSM Improvements and the economic benefits,

and MTBF. Quantifiable data were obtained, associated with such improvements. *
comparing two designs - the old design and
a new X-Series power end.
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