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Presentation Overview

* Goals
 Understand key design elements
« Small items that make a BIG difference

* Vertical Turbine (VT) Pump Overview

 Specifying Large Vertical Turbine Pumps
 Hydraulic Considerations
e Vibration / Structural
* Electrical and Controls

« Case Study
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VT Pump Overview

High Pressure Discharge

Pump Components ——
* Multi-stage impeller and

3'd Stage Impeller

volute assembly
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VT Pump Overview

Motor Shaft

Pump Components :

* Multi-stage impeller and
volute assembly

e Column and shaft op Pump

extensions ensio

» Pump base
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VT Pump Overview

Pump Components

 Multi-stage impeller
and volute assembly

e Column and shaft
extensions

* Pump base
* Motor

Anti-backspin Ratchet

v

Upper Motor Bearing

Upper Bearing Oil

Assembly

Drain/Fill Fitting

Power Terminal Box =

Instrument Terminal
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Lower Motor Bearing
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Pump Acceptance Criteria 1B

Specifying Large
Vertical Turbine Pumps

ANSI/HI 14.6-2022
Pump Acceptance Tests
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Table 14.6.3.4 — Pump test acceptance grades and corresponding tolerance band L
B ©
Grade Grade 1 Grade 2 Grade 3 8 300
bfa 1% 19% 18% T System Curve -
Aty 6% 10% 14% Low
Tast Guarantes Acceptance grade 200
- parameter requirement Symbol 1B ) 1E iU 2B 2U 3B
Rate of flow | Mandatory | fo(%) || +5% | 5% | 0% to+10% | +8% | 0% lo+16% | =98%
Total head Mandatory fiy (%6) +3% | £3% | 0% to+6% | £5% | 0% io+10% + 7% 100
Fowar Optional® fp(3E) | +4% [ +4% + 10% + 8% + 16% + 3%
Efficiency® (eitherfor) | ¢ (%) || -3% J -0% - 0% -5% | -5% —7%
0

6000
Flow (gpm)

8000

10000




700

Vertical Turbine Pumps _,

ANSI/HI 14.6-2022
Pump Acceptance Tests

S pe c ifyi n g La rg e Pump Acceptance Criteria 1U

>00 Upper Limit

§ sop - System Curve - -
. = L] Lower Limits — ™~
Table 14.6.3.4 — Pump test acceptance grades and corresponding tolerance band = < \
- v -
Grad Grade 1 Grade 2 Grade 3
41:' : :?a?: 169 18% § 30 \' SR OS 0 \
Q b L
ow
Aty B9 109 14% \
Test Guarantee Acceptance grade 200 \
- parametar requirement | Symbol 1B 1E iU 2B 2u aB \
Rate of flow | Mandatory | fo(%) | +5% | £5% | 0%to+10% || 8% | 0% lo+16% | 8% |
Total head Mandatory fiy (%6) +3% | £3% 0 0% to+6% 0 £5% | 0% to+10% + 7% 100
Powar Optional® | fe{%) | +4% | +4% || +8% +16% + 9%
Efficiency® (eitherlor) [ ¢ (o) | -=3% | —0% y-5% | -5% —7%
0
0 2000 4000 6000 8000 10000
Flow (gpm)
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Specifying Large
Vertical Turbine Pumps |

ANSI/HI 14.6-2022 esting ar
Pump Acceptance TeStS 1 Testing and Inspection

Performance Testing Details
Test Acceptance Criteria: ANSI/HI 14.6 Grade 1U
Test Tolerance: Flow = -0/+10%, Head = -0/+6%, Power = -0/+10%, Efficiency -0/+0%

Tah.le 14.6.3.4 — Pump test acceptance grades and corresponding tolerance band Performance Test Options
[ Grade Grade 1 Grade 2 Grade 3 Complete Unit Test With Job Driver - 1 units
Afg 10% 16% 18%
Aly 6% 10% 14% Capacity : 7150.0 USgpm
Test Guarantee | Acoaptanca grade Head + 350.00 ft
. parameter i ymbal |4 1E 1U 2B 2u 3B . , i
requirsment B | = Density / Specific gravity -11.000
Rate of flow Mandatory | (%) | £5% | +5% | 0%fo+10% | +8% | 0%io+16% | =9%
Pump speed : 1780 rpm
Total head Mandatory fiy (%6) +3% | £3% | 0% to+6% | £5% | 0% io+10% + 7% _
- Ns / Nss 1=/ 11810 (US units)
Fowar Optional® fp3) | +4% | +4% + 10%6 +B% + 16% + 95
" Efficency® (eitnerion) | 2 (%) | - 3% | - 0% 0% “5% | 5% 7o, Test tolerance : ANSI/HI 14.6 Grade 1B

Take Away: Incorrect tolerances can cause underperformance, incorrect pump submission, or system damage
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NSF 61 Compliance vs. Certification

NSF 61: Drinking Water System Components
Primarily focused on materials in contact with water

NSF 61 COMPLIANCE NSF 61 CERTIFICATION
* (OAR) 333-061-0050 * Applies to pump assembly
» Designed for potable water » 3rd party certification
* All components meet e Limits available pumps
NSF 61 and features

 Must use spare parts matching
original certification
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NSF 61 Compliance vs. Certification

NSF 61: Drinking Water System Components
Primarily focused on materials in contact with water

NSF 61 COMPLIANCE NSF 61 CERTIFICATION
OEM Alt 3RD OEM Alt 3RD
OEM Parts PARTY OEM Parts PARTY

Pump Internals D D
Motor, shaft coupling, etc.
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Vibration Analysis

ANSI/HI 9.6.8: Lateral Rotodynamic, Torsional
Rotordynamic and Structural Analyses

* Performing these analyses reduce the risk of
vibration and reliability problems

Torsional
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Lateral Rotodynamic Analysis &

Bearings

Mechanical

Lateral Vibration related issues: Coupling
* Accelerated wear at wear rings Shaft Seal
 Rubs at internal clearance locations
* Accelerated bearing wear
» Excitation of critical frequencies

Shaft
Couplings (typ)

Intermediate
bearings (typ)

MY\ A Motor Rotor Shaft
Szt II Mechanical Coupling Couplings (typ) TS
< ] 348 2 30

[} [] (] - (] ] L] [] [] (] L] L] (] » - L] ] ] ] ] [ ] (LI E=S (X E=ul [ B ] -
0 22 23 24 25 26 I3’ 3d3 M 33 T 339 40 4 42 43 4448 4T 4 DS SABISE 5T ) Impellers

-
D

}f’ﬂ AN
MO

Intermediate Bowl Bearings
Shaft Seal bearings (typ) and Seals

< = = = = et = = ]
Es = s - - = - ¥, =
= = = = - =
= - = = - = =
o = = = = (=
[ - -t = <A - L ¥ e N J i
/ - — R e —+ e & » 4
....... ! L ¥ L FEEEEEY Lt ¢ i TGRS Py = | K
‘
“ ol

Bearings



Lateral Rotodynamic Analysis

Lateral Vibration related issues:
* Accelerated wear at wear rings
 Rubs at internal clearance locations
* Accelerated bearing wear

» Excitation of critical frequencies
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Torsional Rotordynamlc Analy3|s

Torsional Vibration related issues:
» Damaged couplings
» (Gear wear, noise o Ea - -
» Shaft fatigue or failure

Torsional Analysis

 Performed on the complete train
(pump, driver, couplings, and gears)
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Structural Analysis

Structural Analysis
* Performed to non-rotating portions
of the pump and system to provide
reasonable assurance that structural
natural frequencies will not be close
enough to typical excitations (resonant).

 Determine reed frequency

» |dentify and ideally shift any frequencies
within the pump operating range

* Keep structure stiffness in mind
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Requirements for
Vibration Analysis

ANSI/HI 9.6.8: Lateral Rotodynamic, torsional
rotordynamic and structural analysis

Rotodynamic Pumps — Guideline for
Dynamics of Pumping Machinery:

» Damaged couplings
 (Gear wear, noise
« Shaft fatigue or failure
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s_l;p 1 - Determine and enter uncertainty value "U" from
Table 8.6.8.3.1 for each type of analysis, lateral,

torsional, and structural.

Enter sum from
Table 0.6.8.3.1,
Lateral rotar
dynamic analysis dynamic analysis analysis

Enter sum fram Enter sum Fram
Table 9.6.8.3.1, Table 9.6.8.3.1,
Torsional rotar Structural dynamic

Step 2 - Determine and enter risk value "R" from suggested values below.

RISK

Unknown, new design with no field sxperience, 20

Significant modifications to standard product or 1 n

- similar desian - no experience in field.

Step 1 - Determine and enter uncertainty value "U" from

Table 8.6.8.3.1 for each type of analysis, lateral,

Enter sum fram
Table B.6.8.3.1,
Lateral rofor

dynamic analysis

Enter sum from
Table 5.6.8.3.1,
Tarsional rolor
dynamic analysis

Enter sum From
Table 9.6.8.3.1,
Structural dynamic
analysis




Requirements for
Vibration Analysis

Tyees V5 Fumpe

Marinram goeed = 1000 rpm, U= 2
S gravly < O, L= 2

Fly whel driveen, Uf = 2

Chrive =heaft driven, L) = 2

Varialle spaed deivan, L =2

Postr > 3] KW {40 bihg) amd « 375 KW {500 By

=1

Prirerser = 375 kAW {50 bbp) and = F50 kW (1000

bhpl U =3
Power = T50 KW {1000 bhp), U = 3
Ho. of vanes = 3 of fewer, U =1

Table 9.8.8.3.1 — Uncertainty values

Pump Typa Lataral Rolordyname: Analyais I_ Tamioral Ralordyramic Arahess Structural Dynamic Anslysis
Waeimum spasd = 3E00 o U = 3 Temins with i7res or more slements, U = 4 Flezaibde doundadions, U =1
Fly whea! driven, U = 2 Synchrorous molor driven, L= 2 Wariabie speed deven, U= 2
Cviwn shal driven, U = 2 Fly whasetl driseen, U = 2 Pirsar = 300 KW (A0 bhp}aeed < 375 KW (500 bhp),
Winiable spad deven, L = 2 Dirbver shait driven, U =2 W=
Pt = 0 kW (40 Bhe) and < 375 KW (500 bhp), Inter nal combustion engine driven, U =2 Power > 375 kW (500 bhp) and < T80 kK (1000
Tiepees (b & B8 u=1 wariahlo spesd drivee, L = 3 Bhpll=2
Pusrpn with Rigid | Power > 378 KW (500 bhpp and < 750 ki (1000 Pomer = 30 KW (40 bhgi} and < 375 KW [S00 bhgi], | Prwar > TH0 KW (1000 bhp), U= 3
Rotor Dusigns bhp, U =2 Um1 Mo of vanes = 2 or fowaer, U =3

Pawar = 750 KW (1000 bhgi}, U = 3
Mo ol wanas = 3 of Fewer, =3

Puswetr = 375 KW (S0 by} e < 750 K (9000

Bhpl =2
Power = 1000 bhp, W=3

Tidal {Garrl)

System Confguration Total U 5um)

HOTE: For verfcally orieated O & B8 pump
Eypad, uis lype VS pump wafuos

Eystem Cordguralion Tetal U {Eum)

1000 i), U= 3
3 o B, L= 3

Traires with B or mang eimients, 1 e 1

Synchronous molar driven, U = 2

Fly whisl driven, U= 2

Ditwis Shall devemn, U =T

Inbennad ombuslion enginie driven, U =2

‘Varlable spesd driven, U= 1

Prorpgsr 30 KV {00 b and = 375 KW {500 bhp)
=1

Fowar > 375 KW [S00 bihg) arad < 750 KW {1000
bhpl, U =2

Porer = T5) KW (1000 bhpl, U= 3

Flacdlss fnunciatiors, 1) = 1

Varable spoed driven, U =3

Prwsey = 0 KW (40 b and = 305 KW (500 bhp),
=1

Powar * 375 KW (500 bihp] and = 750 kW {H000
bhpp, U =2

[Power = T80 K (1000 bhp], U= 3

B, ol wanes = 3 of wer, L= 3

HOTE: For wtical sinociores for OH &

BE pump lypes, use iype VS pomp values,

rasian Tolal U

= 4000 rpm, U=2

SOV, =3

, =2

=2

deiwan, Ll =2

40 bihgy) @t < 375 KW {500 Bhp),

W {500 bhp) and = 5D kW (1000

{1000 bhp) U =3
3 or fewer, U=

Sylem Configeesion Tatal U (Sum)

o -
¥ [+

Tatal Lt {Sum]

Trores wath three o more elomends, U =1

Power > 30 @W (0 bhp) and = 375 &W {500 bhp),
=1

Posyar = 375 kW (500 Bh) and < 750 KW (1000
bhp), U=2

Posver = T80 kW {1000 bhp), U= 3

A

Driveeis supporied separately, U =1

Divisers: supporked by pumpe, U= 2

Finitha feimdnicng, U=

‘Variable spead drivan, U =3

Poswer > 30 kW (20 bhpj and = 375 kW {500 bhp),
=1

Prawar = 375 IW (500 bhp) and < 750 KW {1000
bhp), U=2

P = TS0 EW (1000 Bhpl U = 3

M, of viaras = 3 of fewan, U =3

Eysham Confguralion Fal L =1

i;.urnl.lﬂn Tatal U [Suim]

Srywtam Conhguralion T U [Sum]

Siyateen Confguralion Tatel U [Sum]

I low, £, leas than 1.0%.

iunr_tflairty can be reducad

MOTE:

In the case of ViFDs, the uncergainty
mMonic Trequancies o daboflion I8 low, e.0., less than 1.0%.

can be reduced substan
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ntially by obtaining asswanca from the VFD manufacturer that the contribution of higher har-




Requirements for
Vibration Analysis

Table 9.8.8.3.1 — Uncertainty values

Purmp Typs Lateral Rotordynanie: Analyais J_ Tomicral Roleedyramic Ay Structural Dynamic Anslysks
Waeimum spasd = 3E00 o U = 3 Temins with i7res or more slements, U = 4 Flezaibde doundadions, U =1
Fly whed driven, U =2 Synchrorous melor diven, U= 2 Wariabie speed detven, U=2
Cviwn shal driven, U = 2 Fly whasetl driseen, U = 2 Pirsar = 300 KW (A0 bhp}aeed < 375 KW (500 bhp),
it spend dreen, 1 = 3 Drive shait diven, Ui=2 u=1
Pt = 0 kW (40 Bhe) and < 375 KW (500 bhp), Inter nal combustion engine driven, U =2 Power > 375 kW (500 bhp) and < T80 kK (1000

Typos O & B8 u=1 wariabin spasd drivee, L = 3 BhpLU=2

Pusrps with Rigid | Power > 378 KW (500 bhpj and < 750 k¥ (1000 Pomer = 30 KW (40 bhgi} and < 375 KW [S00 bhgi], | Prwar > TH0 KW (1000 bhp), U= 3

Rolor Designs bhp, U =2 Um1 Mo of vanes = 2 or fowaer, U =3

Prssar = TS0 KW (1000 bhgi}, L= 3

Tyees V5 Fumpe

Marinram goeed = 1000 rpm, U= 2
Sipaasific grassly <O 7, L= 3

Fly whel driveen, Uf = 2

Chrive =heaft driven, L) = 2

Variahie spaad deivan, L= 2

Pusemter = 375 KW {50 by} v < 750 K40 (9000

Mo al vanes = 3 of fewer, =3 Bhpl =2
I Powser = 1000 bhp, W= 3
T Todal W |G Sysinm Confguralion Total U Sy

HOTE: For verfcally orieated O & B8 pump
Ty, ks hype W5 pump wafuos

System Gondguralion Total U {5om)

=3800mpm, U=2
=0.F u=2

n =2

U=z

driven, U =3

{40 bhphond = 375 KW (500 bhp),

[E0D hp] amd < TS0 KW [$000

(1000 ), U= 3

Powgr > 30 KW {40 bhg] and < 375 0W {500 bhg), [Pt

=1

Prirerser = 375 kAW {50 bbp) and = F50 kW (1000

bhpl. =3
Fiowap: = TH0 KW {1000 Bhp), U =13
Ho of vanes = 1 o fewer, U= 3

Traires with B or mang eimients, 1 e 1

Symchronous malor driven, U= 2

Fly whsl driven, U= 2

Ditwis Shall devemn, U =T

Inbennad ombuslion enginie driven, U =2

‘Varlable spesd driven, U= 1

Poropsr = 30 KW {0 b)) and = 375 W {500 bhp)
=1

Fowar > 375 KW [S00 bihg) arad < 750 KW {1000
trhpj, U =2

Porer = T5) KW (1000 bhpl, U= 3

Flacabsa fnurkatiora, U= |

Varable spoed driven, U =3

Prorpueyr = 50 K'Y (40 b and = 308 K (500 b,
=1

Povweer = 375 K (200 bhp) and < 750 & {1000
bhpp U =2

Porwer = TEO KW (1000 bhp), U=2

o, ol wanes = 3 o ver, L= 3

ROTE: For wertical sinociures e OH &

BE pump lypes, use iype VS pomp values,

Souratinn Tolal L {Bum)

Sylim Config Tiskal LY [Fuim

Syalam Conlig Talal LY [Sum]

ba = 1000 rpm, U= 2

Trars wath three o more elemends, 0 =1

A

Driveeis supporied separately, U =1

l.'-l-p 1 - Determine and enter uncertainty value "U" from
Table 9.6.8.3.1 for each type of analysis, lateral,
torsional, and structural.

Enter sum fram

Eysham Confguralion Fal L

Table 8.6.8.3.1,
Lateral rolor

MOTE:

In the case of ViFDs, the uncergainty

20 | West Yost * Parametrix

dynamic analysis

Enter sum from
Table 9.6.8.3.1,
Tarsional rotor
dynamic analysis

Enfer sum from
Table 9.6.8.3.1,
Structural dynamic |
analysis




Requirements for e
Vibration Analysis e = ]

Sb.-p.1 - Determine and enter uncertainty value “U" from
Table 9.6.8.3.1 for each type of analysis, lateral,
torsional, and structural.
E“tﬁr Ealamd s:glﬂ":: ET’:I;;‘:?;‘:T E';;;[B’;.::;r:':
Step 2 - Determine and enter risk value "R" from suggested values below. R val iy | o |
valLe
Unknown, new design with no field sexperience, 20
RIEH Significant modifications to standard product or 1 n
NUMBER similar design - no experience in field. 2 - Determine and snter risk value "R" from suggested valuse bslow. E“‘;‘:;‘::‘“"
| M ||'|-|;|r mwlfl::ﬂ'lﬂl‘li o standard |:Ir-.'.|-|!|l.| i or similar 4 ISK Unknown, new design with no field experience, 20
i (1] WEN iI'I lmld. ignificant modifications standa raeduct or
R e i MY gl
i i ? i jans bo standa) [g+1 of similar
ldentical or standard product, proven fisld history. 2 R U ST )l e e 4
Ilﬂanﬂcnl or standard product, proven fisld history. 2
L=
Step 3 - Multiply tha "R" values from step 2 timos the T L e
risk value "U" selected in step 1 for each type of risk value "U” selected in step 1 for each type of
= s analysis. These are the "RUN" values.
analysis. These are the "RUN™ values. Lataral Torstonal Structural
Lataral Torsional Structural |
Products of R x U, or RUN numbers
= “w@.’."dm m.;.rr-& ::rﬂ analysis from tho
e e it Bl A
Products of R x U, or RUN numbers e Siggested vl
15 None Required
=15, £ 20
" Lawal 3
21 | West Yost * Parametrix hecd syatiastion



Requirements for
Vibration Analysis

Step 1 - Determine and enter uncertainty value "U" from
Table 9.6.8.3.1 for each type of analysis, lateral,
torsional, and structural.

analysis type (lateral, torsional, or
guidelines balow.

Step 4 - Using the calculated "RUN" value ::gmp:ﬁmh
suggested level of analysis for each !;.rpnuf_unﬂ_y&iiﬂnﬂn

Enter sum from
Table 8.6.8.3.1,
Lateral rotor
dynamic analysis

Enter sum from

Table 9.6.8.3.1,

Torsional rotor
dynamic analysis

Enter sum from
Table 9.6.8.2.1,
Structural dynamic
analysis

RUHKN value from step 3

Suggested lewvel

Step 2 - Determine and enter risk value "R" from suggested values below.

Enter selected
R value

of analysis

5185

Hone Reguirad

=15 <40

L] 1

=, s 50

Lawvel 2

= 51, = 160

Lewel 3

RISK

MBER,

Unknown, new design with no field experience, 20
Significant modifications to standard product or 1 o
|similar design - ne exparience in field.

Minor modifications to standard product or similar 4
design proven in field.

identical or standard product, proven field history. 2

= 16D

Lewvel 3

+Walidation®

Step 3 - Multiply the N values from step 2 times the
risk value "U" sal
analysis. These are “RUN" values.

step 1 for each type of

22 | West Yost * Parametrix

Lalaral

Torsional Structural

Products of R x U, or RUN numbers

RUMN value from step 3

Suggested level |

of analysis
515 None Required
» 15, 5 20 Lewvel 1

=30, s 50 Lavel 2

> 50, £ 160

> 160

+Walidation®



Vibration Testing and Measurement

N - I = 0.4
1“ [ TS o — T — ey ——— P 1 Pp——— :
ANSI/HI 9.6.4 s
8
W L
Z 03 2
i, :
= 6 Fhctory|5.3 /s [[0[2) irifs) 200 KVY (268|bhe)) & above >
% — — —— — — — — DE ﬁ
2 9 Frgtony 4.9 M0 Tve) Beow 200 KYV (E6E B | e .
:E p— I— — — — p——— — b
g 4 Fald 4 17 3] Erﬁﬁ 1] E
—— 8
g 3 Fleld 3.3 fmenés (018 infe) belbw 200 kW (68 bhp) fod 5
ﬁ E : g
& | |
1 Bl poer bhn
1 100 i 1000
0 - - . ro
1 10 100 1000 10,000
Pump power, kKW

Application notes:

1} The factory critaria are applicable for new pumps with either a faclary or new motor. The field criteria are
intended for use whan bolh the pump and moler are in new condition.

2) For operation outside the POR but within the allowab'e operating region {AQR), increase the values shown by 30%.

3) For solids-handing versions of VS pump types, increase the values for AOR and POR, respectively,
by 50% (tested free of clogging conditions).

4] Pump types refer to Figure 9.6.4.2.3.1.

5} Allowable pump values are based on historic data and, as more test data bacome available, limits will be
subject to change.

Figure 9.6.4.2.5.1b — Allowable pump vibration, pump types VS1, VS2, V83, VS84, VS5, V56, VS7, and
VS8 (For a more complete description of pump types, refer to ANSI/HI 1.1-1.2 and ANSI/HI 2.1-2.2.)
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Electrical and I&C Requirements
NEMA MG-1 vs VFD Rated

Safety factors, starting conditions, and limitations

Shaft Grounding Rings

Bearing damage due to induced current

Motor lubrication
Grease vs ol

Instrumentation and Controls
Temperature, load, and vibration monitoring
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Case Study | JWC Water Treatment Plant

FWPS #2 FWPS #1

Current Pump Stations

FIRM TOTAL NOTES
CAPACITY | CAPACITY
el (MGD)

FWPS #1 36 46 Firm Capacity
assumes
largest pump is
out of service

FWPS #2 25.9 38.9 Firm Capacity
assumes
largest pump is
out of service

Total FWPS #1  61.9 84.9 Current
and #2 Capacities
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Closing Remarks

« Large Pumps (200+ HP) have unique considerations

» Standards such as NSF 61, HI 9.6.8, and NEMA MG-1 provide
lot of specific guidance

 Still require detailed conversations with both manufacturers and
clients

* Leverage those
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THANK YOU
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