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Presentation Notes
Commence on Slide 2
Morning Session
Good morning to those of you in Europe & Africa, good afternoon and evening to those of you joining us from Asia, and a very warm welcome to you all. 
Evening Session
Good morning to those of you on the West Coast, good afternoon to those of you joining us from the East Coast , good evening to anyone joining us from Europe or stations further East, and a very warm welcome to you all.
 
Thank you for joining this, the forty sixth of our regular series of short courses on pumping topics. 
This one will last about 40 minutes allowing us plenty of time for a Q&A session after the presentation


Any you have missed you can get from our website www.ruhrpumpen.com
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RuhRPumpen Short Courses

Here is a listing of all the previous courses in the last two years.

No 25 — Magnetic Drive Pumps

No 26 — Mechanical Seals & Systems

No 27 — The Importance of System Curves
No 28 — NPSH & Nss Made Simple

No 29 — Curve Shape, Head Rise & Allowable
Tolerances

No 30 — Selecting the Right Pump for the Application
No 31 - Comparison of AP1610 12th & 11t Editions

No 32 - Pump Instrumentation

No 33 - Handling Viscous Fluids with Centrifugal Pumps
No 34 - Fire Pumps for the Oil & Gas Industries

No 35 - Vertical Sump Pumps (Type VS4)

No 36 - Engineered Systems
No 37 - BB5 Double Case Barrel Pumps

No 38 - Start-Up, Commissioning & Trouble
Shooting

No 39 — Positive Displacement Pumps
No 40 — Verical Pumps Part 1 VS1,2,3
No 41 — Vertical Pumps Part 2 VS4,5,6,7

No 42 & 43 — Performance Testing & Inspection
of API610 Pumps

No 44 — Non-Destructive Examination

No 45 — Customer Specification Requirements

and follow the menu bar link to RP Short Courses
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We have been holding them now for 4 years so there are a lot more than this.
If you have missed any of them you can get a copy of the materials from our website
Go to www.ruhrpumpen.com  & follow the link to RP Short Courses
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ZMS pumps selected for water station in Oman

MNewsletter Ruhrpumpen Fire Systems - December 2022
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MNorth America Sales Team Visit to Ruhurpumpen Systems

May was National Electrical Safety Month Performance Testing & ]nspection of
New life to old vertical pump Centrifugal Pumps - Part 1

RP supplied HSD split case pumps to cement plant in Thu rsday, September 11th, 2025.

record time

Introducing the RP ANS| Process Pump Range
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If you go to www.ruhrpumpen.com you get to this screen
And here is the link to the RP Short Courses
Click on that and it takes you……CLICK

http://www.ruhrpumpen.com/
http://www.ruhrpumpen.com/

RuhRPumpen Short Courses

SHORT COURSE 43

Performance Testing & Inspection of Centrifugal Pumps

® Full Session
® Download presentation

® Q&A Report

SHORT COURSE 44

Non-Destructive Examination

® Full session
® Download presentation

® Q&A Report

SHORT COURSE 45

Customer Specification Requirements

® Full session
® Download presentation

® Q&A Report
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Session 46 —
“Engineering Analyses for Pumps”

Aimed at Process and Mechanical Engineers, and Consultant Engineers who

specify pumping equipment as well as Applications & Sales Engineers selecting
and quoting them.

This course will give an overview of the various Engineering Analyses that are
available — Structural Analysis, Seismic Analysis, Finite Element Analysis, Modal
Analysis, Lateral Analysis, & Torsional Analysis.

It will explain the what, the why and the how as well as the customer benefits of these
analyses and will show some sample reports.

Course Material by : Maulik Shah, Senior Inside Sales Engineer, Houston, TX
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Presentation Notes
This course will give an overview of the various Engineering Analyses that are available – Structural Analysis, Seismic Analysis, Finite Element Analysis, Modal Analysis, Lateral Analysis, & Torsional Analysis.��It will explain the what, the why and the how as well as the customer benefits of these analyses and will show some sample reports.

I am indebted to Maulik Shah from our Houston Office who provided me most of the material for this Webinar 

As usual we will be holding a Q&A session at the end. 
Please use the “Q&A” facility the bottom of your screen to ask any questions or make any comments. I will address those that I can live at the end of the session and the rest we will address by mail in the coming days.
 
We are recording this session and will make it available to all attendees as a You-Tube link as well as by emailing you a PDF version of the slideshow and the Q&A Summary from both of today’s sessions.
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1. Stress and Displacements Analysis
2. Seismic Analysis
A. Anchor bolt reactions with calculator
B. Anchor bolt reactions with FEA
C. Anchor bolt reactions and structure analysis with FEA
3. Modal Analysis
4. Rotodynamic Analyses
A. Lateral Analysis
B. Torsional Analysis

C. Transient torsional analysis



A /:f// \ )\
A =\

RUHRPUMPEN

"\ A
S

1- Structural (Stress and Displacements) Analysis
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What is itand why it is needed ?

» This analysis evaluates the shaft deflection at the pump shaft end resulting from the application of
suction and discharge nozzle loads, as specified in the API allowable load tables.
» The calculated deflections are then compared against the API criteria to confirm compliance.
» [t answers two key questions:
-Stress Analysis — “Will it be strong enough?”
-Displacement Analysis — “Will it deform too much?”

What is customer’s benefit ?

Structural (stress & displacement) engineering analysis ensures that a component or structure:

* |s strong enough

» Does not deform excessively

» Meets required standards (e.g., APl 610)

» Will operate safely and reliably throughout its life

* maintains alignment integrity under external piping loads, preventing operational issues and premature

wear
9
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You don’t need this if your calculated external Forces and Moment are within the API Table 5 limits. The pumpset is already guaranteed to be OK within those limits. But if you are close to these limits or exceed them then it would be a good idea to have this Analysis carried out
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What the potential danger is if not done:

If structural stress and displacement analysis is not performed, you risk:
« Equipment failure

* Fluid leaks and safety hazards

* Pump/motor misalignment and vibration

« Fatigue damage and short equipment life

* Non-compliance with APl 610

« Higher operating and maintenance costs

What does it cost?
Indicative pricing - $6,000 - $7,000

10
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RP format analysis simple (as provided to customer) :

HU!'I'%'}I'JMPEH SCE-L 2x1x10 — Structural Analysis (Baseplate | EHF-RF0028 7R
—

04-00-2025 g _ . EHFP-RPOO0ZD
Nozzle Load Test RUHRPUMPEN | SCEL2x1x10 - Structural Analysie (Basepiate | =0C 20502s

6. Results 6.2. Displacement in ¥ due to Mze
The maximum displacement at the shaft end iz obtained in Case 3, with a value of 125 pm. Figure

G.1. Displacement in £ due to Myc & =h the results and the deformed view.

The maximum displacement at the shaft end is obtained in Case 2, with a value of 214 pmi. Figure

5 shows the results and the deformed view. m
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Figure 5. Displacement Results.
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SCE-L 2%1x10 — Structural Analysis (Bazeplate
HUH@UMPEM oaste Lond Toot 04-08-2025

7. Conclusions
Az can be seen in Figure 5 and Figure 6, the maximum displacements at the pump shaft end for

Myc and Mz cases are 214 pm and 125 pm, respectively. Since the values of the flange moments
according to Table 5 of APl 610 127 Edition are being considered three times, the acceptable
displacement must be less than 0.015 in. (380 pm), as stated in Annex F of the same standard.
This way the maximum displacements obtained in the analysiz can be regarded as acceptable.
Table 4 shows the permissible pump shaft displacement according to APl and the maximum shaft

displacement obtained from the analysis.

Table 4. Stiffness Test Acceptance Critenia.

g o ——
Pemmissible Pump 5 Isplacement
m) Mazximum Shaft
Displacement Direction
Baseplate not Inte d Baszeplate not Intendead {(pm)
for Grouting for Grouting (3x)
Mye 125 \_ 380 214 +Z
N -
Mz 50 N~ _ 380 1254/‘"/
The resulis presented herein are only valid under the ena and considerations previously

described.
12



////4\\\

RUHRP UMPEN

\\

2A- Seismic Analysis — Anchor Bolt Reactions

with Calculator

13



What is Seismic Analysis?

Seismic analysis evaluates how equipment responds to earthquake ground motion.
For industrial equipment (including pumps, tanks, skids), it is used to determine:

» Base shear (horizontal seismic force)

* Overturning moment

» Anchor bolt tension & shear loads

» Whether the foundation and bolts are strong enough

It ensures that during an earthquake the equipment does not slide, tip, or pull bolts out of the
foundation.

14
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Anchor Bolt Reactions — What You Calculate

To check the anchorage, you must calculate:

« Horizontal shear load (V) on bolts & grout

« Overturning moment (M) caused by seismic forces
« Bolt tension (T) from the overturning

« Bolt shear (Vb) from horizontal forces

« Bolt utilization (compared to allowable capacity)

15
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What is it and why it is needed ?

« A simplified method to estimate anchor bolt forces due to seismic
loads, based on static calculations or code formulas.

* Why seismic and anchor bolt analysis is needed:
To keep equipment stable

To prevent leaks and failures To protect people
To meet code and project requirements

O
O
O
o To avoid costly downtime and damage

16
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What is customer’s benefit ?

 Quick verification of anchor bolt diameter and layout adequacy for basic seismic
requirements, without detailed structural modeling.

« Anchor bolt reactions are essential for the civil engineering team since they provide the
necessary input to design the concrete foundation or slab supporting the pump

« Protection of Piping and Connected Systems

« Compliance With Codes and Plant Specifications

* Reduced Installation Risk

« Assurance That the Equipment Will Survive Earthquake Events

* Increased Equipment Life

What does it cost?
Indicative pricing - $500 -$600

17
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So this is an inexpensive way of calculating the anchor bolt sizing for your project. Perhaps if you are not in an earthquake zone.
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Datum
Suction Nozzie Loads [N ; N-m]
FX FY FZ FR MX MY MZ
13340 5340 4725 15126 5020 2440 3800
Suction Flangs Coordinatss
x 734 mm
v 5500 mm
z 5850 mm
Dischargs Nozzie Loads [N ; N-m]
FX FY FZ FR MX MY MZ
5340 4725 &870 3764 5020 2440 3800
Dischargs Flange Coordinates
x 3000 mm
Y 2473 mm
z 3634 mm

Center of Gravity Coordinates
Driver Coupling  Pump Baseplale Junclion Box

x 18420 10302 3221 1131 8428 mm
Y 431 550.0 5502 550.2 10133 mm
z €251 585.0 586.0 1250 6175 mm
Tofal Cenfer of Gravity
x 1271.4 mm
Y 559.6 mm
z 430.7 mm
Baseplats Dimenzlons
#of Holes 8
Width 1100 mm
Length 2400 mm
Maximum Driver Torque:
Driver Power: 185 kW
Drtver Speed: 1791 rpm
Breakdown torgue: 350% (%full load torque)
Maximum torque: 3451 Hem
Rotation:  Counterclockwlss
Unbalancing Dynamic Forces
Balance Qualty Grade
Pumps G215 25 mmvs Fraquency:
Drive: G25 25 mmis Design Factor:
Coupling:  GL5 15 mmis

MR

752

MR

752
Welghts
Driver 11200
Coupiing 30.0
Fump 5500
Easepiae 5500
Junction Bax 500
Tatal 2330.0
Motor Rotor 3300
Fump Rator 100.0

318.3 s

DynFores

SF

SF

1.0

BOLT LOCATION |
Position [mm]
anchor & x ¥

1 1501 30.0

2 1501 10638

3 22433 10638

4 22433 30.0

5 8501 30.0

6 8501 10838

7 15433 1069.8

& 1543.3 30.0
Bolt's Propertias
Number of Balts ]
Bioit's Dlametar H4 In
Tensle Siress Area 215w - 033 0
Bioit's Yleld Sirength 085 MPa

Boit's Matenal Duplex anchor bolts, with a minimum of 205 MPa yleld atrangth
120000 ~ Y (mm)
[+] (=3 Q o]
1000.00 2 L 7 3
OG Junction Bax
EDOD.00
£00.00 CG Pump £ Tatal
® CGCoupling @ @ @
G Motor
CG Baseplate
400.00
200.00
1 5 B 4 ( )
X {mm
o] o] ) o
0.00
0.00 500.00 1000.00 1500.00 2000.00 2500.00

Anchor holes and COG locations

18



FOUNDATION BOLTS INPUTS

BOLT LOCATION

Datum
Suction Mozzls Loads [N ; H-m]
FX Fr FZ FR WX MY MZ
13340 5340 4725 15128 5020 2440 3800
Suction Flangs Coordinates
X T34 mm
Y 350.0 mm
Z 385.0 mm
Machargs Hozzle Loads [M ; H-m]
FX FY FZ FR M3 MY MZ
5340 4725 6570 Te4 G020 2440 SR00
Mschargs Flange Coondinak
X Joo0 mm
Y M7T3 mm
Z 9634 mm

Centar of Gravity Coordinates

Driver  Couplng  Pump Baseplate Junciion Box

X 18420 10302 221 RARER 8428 mm

Y 5431 550.0 5502 5502 10133 mm

z £25.1 SES.0 5860 125.0 E17.5 mm
Total Center of Gravily

X 1271.4 mm

Y 553.6 mm

Z 430.7 mm

Bageplats Dimenslons

#of Holes B
Widih 110 mm
Lengih 2400  mm
Maximum Driver Torqus:
Diriver Power: 185 kW
Diiver Spesd: 1751 raen
Breakdown torgue: 350% {Sefull Ioad torque)
Meaximum torgue: 3451 H-m
Rotatior:  Counterclockwlss

Unbalancing Dynamic Forces
Balance Qualty Grage

Pump: 25 mmis Fraquency:
Drive: 15 mmis Design Factor
Coupling: 15 mmis

MR
£752 DynFores
MR

&752
waights
Ditver 11200 kg
Coupiing 0.0 kg
Pump 5500 kg
Easeplate 5300 kg
Junetion Baox 500 kg
Tatal 23300 kg
Modor Rotor 3300 kg

Pump Fotar 1000 kg

318.3 rad’s

aF

SF

Position [mm]
anchor & X Y
1 1501 3.0
2 1501 10638
3 22453 1063.8
4 22453 3.0
-] 501 3.0
-1 §30.1 10638
7 15493 10638
g 15493 3.0
Bolt's Properties
Number of Balts -]
Boit's Dlameter H4 In
Tenslle Siress Area 25 mmf = 0334 n°
Boit's Yieid Strengih 205 MPa
Boit's Materal Duplex anchor balts, with a minimum of 205 MP3 yleld strangth
120000 - Y (mm)
— ——
(] Og o o
1000.00 2 L 7 3
CG hunction Box
EDO.DO
CG Tota
&00.00 CG Pump “
9 OG Coupling gy @ '@
CG Motar
CG Baseplate
400.00
200.00
1 5 8 4 : )
X {mm
000 b 2 2 2
0.00 500.00 1000.00 150:0.00 2000.00 2500.00

Amnchor holes and COG locations
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2B- Seismic Analysis — Anchor Bolt Reactions
with FEA (Anchor Bolt Sizing Only)

20
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Presentation Notes
This is the next level up from the previous one and it utilizes Finite Element Analysis. 
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What is it and why it is needed ?

Seismic analysis with Finite Element Analysis (FEA) evaluates how a pump, skid, or any mechanical
equipment responds to earthquake forces by modeling the structural stiffness, mass distribution, and
load paths in detail.

Unlike simple hand calculations, FEA captures:

- Real geometry

- Welds, ribs, stiffeners

- Baseplate flexibility

- Actual bolt locations

- Accurate stress distribution

- 3D load paths

This produces highly accurate reactions at the anchor bolts and realistic deformation predictions.

21
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Why FEA Is Used

Seismic loads are dynamic and involve complex structural behavior.
FEA provides:
Much more accurate anchor bolt forces

Because it considers flexibility of the baseplate, pump casing, grout, and skid.
Accurate stress and displacement results

Ensuring the equipment does not exceed material limits during an earthquake.
Realistic nozzle and piping interface reactions

Critical for APl 610 compliance.
Visualization of weak areas

Allowing optimized design (thicker baseplate, additional ribs, larger bolts).
Confidence in safety and code compliance

Often required by EPCs and plant owners.

22
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2B- Seismic Analysis — Anchor Bolt Reactions with FEA (Anchor Bolt Sizing Only)

What is customer’s benefit ?

e Higher accuracy than hand calculations
Provides confidence that anchors and foundations will perform in real earthquake
conditions.
e Prevents failures
Avoids sliding, overturning, bolt breakage, and piping damage.
e Optimizes design
Ensures the baseplate, grout, and bolts are neither under-nor over-designed.
e Increases reliability & uptime
Less vibration, better alignment retention, fewer failures.
e Ensures standards compliance
Many EPCs, refineries, and chemical plants require FEA for seismic zones.

What does it cost?
Indicative pricing - $4,500 - $5,000

23
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2C- Seismic Analysis — Anchor Bolt Reactions

and Structural Analysis with FEA

24
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Presentation Notes
The next level up again Structural Analysis with FEA for the whole pumpset
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What is it and why it is needed ?

- This combined analysis evaluates how the equipment (pump, baseplate, skid, or
structural frame) performs under seismic loading, and how those loads transfer through
the baseplate into the anchor bolts, concrete foundation, and connected piping.

- Using Finite Element Analysis (FEA) provides a realistic, high-fidelity assessment of
stresses, deflections, and anchorage forces to ensure reliability and safety during
earthquake conditions

What does it cost?
Indicative pricing - $6,000 - $7,000

25
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2C- Seismic Analysis _ Anchor Bolt Reactions and Structural Analysis with FEA

What is customer’s benefit ?
« Safety & Structural Integrity
Ensures the equipment remains stable during earthquakes—preventing tipping, sliding, or bolt
failure.
Protection of Piping & Connected Systems
Reduces the risk of nozzle damage, flange leaks, or pipe rupture during seismic events.
« Longer Equipment Life
Lower deflection and stress improve alignment, reduce vibration, and extend seal/bearing life.
« Code & Project Compliance
Meets various code and industrial requirements for seismic anchorage.
* Reduced Installation & O&M Costs
Accurate bolt reactions prevent overdesign or under design of foundations and avoid costly field
modifications.
« Higher Reliability
Equipment remains operational after seismic events with minimized downtime. 26
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RP format analysis simple (as provided to customer) :

m BLB-RP0118
RUH@MPEN VMF 30VMM 1 Stage — Seismic Analysis 24.09-2025

5. Constraints

The pump was modeled on a representative foundation model that simulates the on-site
installation conditions. The bottom surface of this foundation model was constrained as fixed. The
connection between the pump soleplate and the representative foundation model was considered
as a linear contact. Additionally, four beam elements (representing the anchor bolts) were used
to connect the pump to the representative foundation model. Figure 5 shows the maodel

constraints.

| Beamn Elements (Anchor
" Bolts)

«—— Representative Foundation
Maodel

= Bottom Surface Fixed

Figure 5. Constrained Model.

V7N

BLB-RPOD118
RUHRPUMPEN VMF 30VMM 1 Stage — Seismic Analysis 24.09-2025
N
6. Results

6.1. Von Mises Stress — Load Combination #1
The maximum “on Mises stress obtained is 43.25 MPa and it is located at the nozzle head

discharge pipe. The maximum stress obtained is shown in Figure 6.

oors
- b

Output Set: Linear Combinabon (141 1+{1.72}
Elemental Contour: Solidyon Mises Stress

Figure 6. Von Mises Stress — Load Combination #1.

432506092,
40556114,
37852537, |
35148959,
32445382,
28741805,
27038227,
24334650,
21631072,
18927485, |
16223918,
13520340,
10846763,
8113185,
‘5408608,
2708031, |

24532

27
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These next two slides are a little small to read so I have zoomed in on them in 29-33
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7. Anchor Bolt Reactions Forces and Validation
6.2. Von Mises Stress — Load Combination #2 The pump is anchored in place with four 1.375-inch anchor bolts. Figure 8 shows their location.

The reactions forces were calculated for each of them for each load combination cases mentioned

in Section 4 of this report. Table 3 shows the anchor bolt reactions while Table 4 shows the bolts
the nozzle head. The maximum stress obtained is shown in Figure 7. validation and the safety factor respects the allowable stress obtained for each bolt for each

The maximum Von Mises stress obtained is 97.31 MPa and it is located at one of the windows of

combination case.

Pa

97316268, E

91234049,
85151832
TO089618
72027399
66005183,
GOE22066.

54740750.

48658533,

42576316,

36494100,

30411883,

24320667, M _

18247450 I -] [©)

12165234,
6083017,

Maximum Stress: 97.31 Mpa

z

L.,

ut Set: Linear Combination (1.271)%(1.73)
nental Contour: Solidyon Mises Stress

Figure 8. Anchor Bolt Locations (Top View).

20044
Table 3. Anchor Bolt Reactions.

Combination Anchor Bolt Reactions Forces (N)
Figure 7. Von Mises Stress — Load Combination #2. Load Fx Fy Fz

3302.133 | 0440.244 | 40938.52
-2283.934 | -7473.88 1982004
1831.726 | -8850.855 | 33110.38
-2606.385 | -5513.056 | 21.92758
-38814.88 | 3703581 10882.07
-37566.6 38237.52 320972.64
-34787.03 | 3520588 4178588 28
-36088.7 36641.18 13738.64

R IR



Presenter Notes
Presentation Notes
These next two slides are a little small to read so I have zoomed in on them in 29-33



7N\
RUHRPUMPEN
N

VME 30VMM 1 Stage — Seismic Analysis

BLB-RF0O118
24-09-2025

5. Constraints

The pump was modeled on a representative foundation model that simulates the on-site
installation conditions. The bottom surface of this foundation model was constrained as fixed. The

connection between the pump soleplate and the representative foundation model was considered

as a linear contact. Additionally, four beam elements (representing the anchor bolts) were used

to connect the pump to the representative foundation model. Figure 5 shows the model

constraints.

\ Bottom Surface Fixed

Figure 5. Constrained Model.

Beam Elements (Anchor
Bolts)

e Reprasentative Foundation

Model

29
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6. Results

6.1. Von Mises Stress — Load Combination #1
The maximum Yon Mises stress obtained is 43.25 MPa and it is located at the nozzle head

discharge pipe. The maximum stress obtained is shown in Figure 6.

Pa
43750692,

40556114
I7852537,
F5148958,
F2445382,
20741805,
27038227,
24334650,
21631072,
18F27485.
16223918,
13520340,
10516763,
8113185,
5400608,
2706031,
24532

Maximum Stress: 43,25 Mpa

Ctput Set: Linear Combinabion {1.471+{1.72)
Elemental Contour: Solidv'on Mises Stress

Figure 6. Von Mises Stress — Load Combination #1.
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6.2. Von Mises Stress — Load Combination #2
The maximum Von Mises stress obtained is 97.31 MPa and it i1s located at one of the windows of

the nozzle head. The maximum stress obtained is shown in Figure 7.

7316266,
91234045
85151832
TI0E9618,
T2987T3849.
66905183
60822066,
S4740750.
48658533,
42576316,
441000
30411883,
24329687,
182474500
12165234
6083017,
00,44

Maximum Stress: 97.31 Mpa

F 4

L.

ut Set: Linear Combination (1.2%1)4+(1.73)
nental Contour: Solidvon Mises Siress

Figure 7. Von Mises Stress — Load Combination #2.
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7. Anchor Bolt Reactions Forces and Validation

The pump is anchored in place with four 1.375-inch anchor bolts. Figure 8 shows their location.
The reactions forces were calculated for each of them for each load combination cases mentioned
in Section 4 of this report. Table 3 shows the anchor bolt reactions while Table 4 shows the bolts

validation and the safety factor respects the allowable stress obtained for each bolt for each
combination case.

e

i

L. [2]e

Figure 8. Anchor Bolt Locations (Top View).

Table 3. Anchor Bolt Reactions.

Combination Bolt Reactions Forces (N)
Load Anchor - Fy ==

1 -3302.133 | -0440.244 | 4093852

2 -2283.934 | 747388 1992004

1 3 1831.728 | -8850.855 | 33110.38

4 -2008.385 | -5513.056 | 21.82758

1 -38814.08 | 3703581 10692.07

2 -37566.8 38237.52 3207284

2 3 -34787.03 | 3520588 | 4178588

4 -36088.7 30641.18 13738.64
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9. Conclusions

As can be seen in the obtained results, the maximum stress obtained in the model is 97.31 MPa
for the load combination #2 and it is located at one of the windows of the nozzle head discharge
pipe.

The maximum allowable stress is defined as 2/3 of the matenal yield strength. In this case, the
nozzle head matenal 15 A105 with a yield strength of 250 MPa. Thus, the maamum allowable
stress is 166.66 Mpa. A safety factor of 1.71 was calculated.

Since the safety factor obtained is higher than 1.0, it is concluded that the VMF 30VMM 1 Stage
pump is able to withstand the combination load cases.
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On the other hand, the reachon forces and stresses in the anchor bolts were calculated to validate
them. The anchor bolts have a diameter of 1.375 nches and are made of ASTM F1554 matenal,
(as recommended from APl 686). The cntena used to validate the bolts s that all bolts need a

safet}r factor hugher than 1.50 in order fo be suitable to withstand the loads combination, thus
esses on the bolts will not exceed the allowable stress '

can be seen in Table 4, the safety factors of all the combination sets are higher than 1.50,
therefore, the anchor bolts are suitable for the load's combinations considering the size and the

matenals previously descnbed. A different matenal for the anchor bolts can be used as long as
1eld matenal is equal to or greater than 248 MPa.

The results presented herein are only valid under the considerations and criteria previously
described.
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What is it and why it is needed ?

Pump modal analysis evaluates the dynamic behavior of a complete pump assembly by
calculating its natural frequencies (resonance frequencies) and associated mode shapes.

The analysis is performed on a 3D FEA model that includes:

Pump casing

Motor or driver

Shaft and rotor if required

Baseplate or skid

Stiffeners, grout, support beams

Anchor-bolt boundary conditions

The result is a detailed understanding of how the structure responds to vibration.
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Why Natural Frequencies Matter

Every mechanical structure has certain frequencies at which it vibrates with large amplitude—its natural
frequencies.

If any natural frequency is too close to:

Pump running speed (1x rpm)

Blade passing frequency

Motor electrical frequency
Piping-induced vibration

...then resonance can occur, leading to:

High vibration

Seal and bearing failures

Fatigue cracking

Nozzle overstress

Reduced equipment life

NPSH or hydraulic instability issues (in severe cases)

37
Modal analysis prevents this......
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What is customer’s benefit ?

e Avoids Resonance
Ensures no natural frequency is within £20% (or the project requirement) of running speed.
Reduces Vibration and Noise
Improves pump reliability and hydraulic performance.
Extends Seal and Bearing Life
Significantly lowers maintenance costs and unplanned downtime.
Verifies Baseplate and Foundation Stiffness
Ensures the installation supports long-term reliable operation.
Ensures Piping Does Not Induce Harmful Vibrations
Helps prevent nozzle overload, flange leaks, or pipe fatigue.
e Required by Many EPCs and Refineries
Used for critical services, high-energy pumps, or installations in high-vibration environments.

What does it cost?
Indicative pricing - $6,000 - $7,000
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Presenter Notes
Presentation Notes
After Slide 38 Before Slide 39
I’d like to share a real world example of an occasion where this analysis was invaluable.
When I was a Project Manager in the Tulsa Factory back in the early 90s, one of my projects was a multistage VS6 pump – a vertical barrel pump - with 10 or 12 stages. Nothing unusual there. That pump had been built dozens of times with similar no. of stages.
It was to be installed in a European refinery and was to be operated at 3600rpm via a VFD.
Being a European installation, it had a European motor with no external thrust capability so the pump had its own thrust bearing assembly
Again nothing new there, the pump had been built dozens of times with a thrust pot.
When we looked a little deeper the pump had a good history at 3600rpm with no thrust pot (so thrust taken in the motor); and it had a good history at 3000rpm with a thrust pot, but it had not been built at 3600rpm with a thrust pot.
Murphy’s Law says if something CAN go wrong then it SHALL go wrong.
So sure enough Modal Analysis showed that with the initial design the pump natural resonant frequency was at 3600rpm!
Modal Analysis allowed the design to be modified to move the natural resonant frequency away from the operating speed and prevent a field problem.
So all credit to the design engineer who foresaw a possible problem and initiated the Modal Analysis “just in case”
 
So this type of analysis is particularly important if a pump is operating through a VFD at a range of operating speeds. It may indicate one or more operating speeds that need to be “locked out” or accelerated through.
 



/7
£
3

RUH

/
RS

RP format analysis simple (as provided to customer)

7N\ BLB-RPD058 7N\
RUHRPUMPEN VMT 20KXH 1 Stage — Modal Analysis 23.01-2024 : BLB-RP0058
— RUHRPUMPEN VMT 20KXH 1 Stage — Modal Analysis 23-01-2024
U
3.2 Finite Element Model
This analysis was done with Siemens’s software FEMAP 2306 with Normal Modes/Eigenvalue 3.4 Results
analysis option. The geometry was meshed with solid TET 10-noded elements with no gaps Below table shows the first eight natural frequencies for both cases. Figure 5 shows the mode

between components, simulating with this correct bolting connections. The meshed model is
illustrated in Figure 3.
Mesh

shapes that are within the separation margins, according to data and conditions descnbed in the
report. Figure 6 show each natural frequency and the separation margins of +20% and -15% (API

¥ Nodes: 373,953 610, 12th Edition) from the operating speed.
¥ Elements: 209,331

Table 5. Natural Frequencies Module

Mode Frequency | Frequency | Separation

[Hz] [CPM) Margin
st E8B 53280 -69.55%
2nd 2.00 540.00 -689.14%
3rd 17.97 107820 -38.30%
4th 18.64 1118.40 -36.08%

Sth 28.90 1734.00 -0.91%

Figure 3. Meshed Model.

Gth 30.53 1831.80 4. 67%

Tth .12 1867 20 G.70%
3.3 Boundary Conditions 8th 40 80 2453 40 40.10%

The boundary conditions used for this analysis are shown in Figure 4. Foundation sfiffness

coefficients provided by the customer for the installation site (Table 4) were incorporated to the

analysis using sprnng elements (CBUSH), ngid elements (RBE2) and gap elements (CGAP)

located at the anchor bolt holes and the bottom surface of the soleplate. 39
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5. Conclusions

As can be seen in the obtained results, three natural frequencies were found in the analysis.

A dynamic response analysis was performed to validate those natural frequencies resulting in a
maximum vibration velocity of 1.805 mm/s EMS.

According fo AP1610, 12th Edition, the maximum wibration velocity allowed in the dniver

mounting surface is 5.0 mm/s RMS. Therefore, the vibration levels of the pumping
system are acceptable under this critenion.

The VMT 20KXH 1 Stage pump is suitable to operate at the operating speed range of 1750 rpm.

The results presented herein are only valid under the cntena and considerations previoushy
described.

40

Figure 5. Mode Shapes.
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What is it and why it is needed ?

What It Is

Rotodynamic lateral analysis is a specialized engineering assessment used to evaluate the dynamic
behavior of a rotating shaft system—including the pump shaft, impellers, bearings, coupling, and
motor rotor—when subjected to lateral (radial) vibration forces.

This analysis determines:

Critical speeds (natural frequencies of the rotating system)
Mode shapes (how the shaft bends at each frequency)
Bearing stiffness and damping effects
Unbalance response
Amplification factors
Separation margins from running speed
It ensures the rotating assembly operates safely, smoothly, and without harmful vibration across the

entire speed range.
42
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Why It Is Needed
API1 610, APl 617, and API 684 require rotodynamic lateral analysis for many pump types,
especially high-energy, multistage, or high-speed units.

Without this analysis, the pump could experience:
Excessive vibration
Seal failures
Bearing overheating or premature wear
Rotor instability
Shaft fatigue or cracking
Coupling issues
Resonance near operating speed

What does it cost?
Indicative pricing - $7,000 - $11,000

Lateral analysis report prevents these problems a3
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9.2.4 Dynamics
9.2.4.1 Lateral Analysis

9.2411 Unless otherwise specified, the need for a lateral analysis of a pump’s rotor shall be determined
using the decision logic set out in Table 18.

Table 18—Decision Logic for Rotor Lateral Analysis

Step Action
1 Design pump
2 Does a similar pump (3.1.54) or an identical pump (3.1.18) exist?

If "yes,” go to step 5.
If “no,” go to step 3.

3 Is rotor classically stiff (3.1.8)?
If "yes,” go to step 5.
If “no,” go to step 4.

4 Analysis required

] Analysis not recommended

¢ 9.241.2 If a lateral analysis is required by the process in 9.2.4 1.1, or if specified by the purchaser, it shall
be performed in accordance with Annex | and its results assessed in accordance with 1.1.2 through 1.1.5.
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Presentation Notes
Lateral Analysis will most commonly be called up or required for high speed, high pressure, high energy pumps. So BB3 & BB5 pumps.
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What is customer’s benefit ?

e Lower Vibration Levels

Ensures smooth and quiet operation.
e Longer Bearing & Seal Life

Reduces wear and maintenance downtime.
e Prevention of Resonance Problems

Critical speeds are kept clear of operating speeds.
e Higher Reliability

Especially important for high-speed and high-energy pumps.
e Compliance With APl 610/API 684

Often mandatory for refinery, petrochemical, and LNG projects.
e Safe Startup and Shutdown

Verifies rotor stability across the entire speed ramp.
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RUH@UMPEN Analysis 28-10-2025

Rev. 1

The structure model was added to the rotor model once it was tuned to its structural natural
frequencies found in a modal analysis. The structure model consists of the thrust pot, nozzle
head, discharge, intermediate and suction bowls, bamel, and soleplate, connected to the rotor
through the bearings. Since this pump is equipped with a barrel, damping coefficients were
assigned to the stations considenng that all columns and bowls were submerged in liquid.
Referenced to Kovats [4], the modes of the submerged portion have a damping ratio between 0.2
and 0.4 so that vibration is not observable even when running at a cntical speed.

Beanng parameters and locations were also provided by Ruhrpumpen. Stiffness and damping
values were calculated using XLRotor™ code and are included in the present report.

The detail of the pump model used for the analysis are shown in Figure 1.

2000

Shaft Radius, mm
g

=

-1000

2000

WMT 18CEXH 8 Stages
Rotardynamic Lateral Analysis

S0

2000 4000 OO0 H00D
Axial Location, mm

Figure 1. Model for Rotordynamic Lateral Analysis.
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3.3.2.1 As-New Clearances, with Water
Figure 2 shows the damped natural frequency map or lateral Campbell diagram with the operating
speed of 1786 rpm marked on it. It also shows the synchronous line. When a natural frequency
intersects the synchronous line, the rotor speed of the intersection would be a cntical speed. This
map covers all the rotor's damped natural frequencies within the frequency range zero to 2.2
times maximum continuous speed, for the speed range 25% to 125% of rated, as specified in API
610, 12 Edition.

Table 4 describes all the natural frequencies displayed in the lateral Campbell diagram for the
rated operating speed of 1786 rpm. It includes the separation margin between the damped natural
frequencies and the rated speed with the corresponding damping ratio.

The damping factor versus separation margin between natural frequencies and the synchronous
run line is shown in Figure 3. According to API 610, 12" Edition, all natural frequencies should be
in the “acceptable™ region in order to assure a comect lateral performance of the pump.

=]
Rusterdynaini: Darrgssd Matiral Froquessy Mag

VT TECENH & Shages
Fotordyams: Laeral Anabyss

Oy, B s KR T —

) hall..qlrmu.r:;w.cpm - .
. B BB EBEEGR B

Figure 2. Lateral Campbell Diagram, As-New Clearances, With Water.
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Table 4. Matural Frequencies, Damping Ratios, and Separation Margins at 1786 pm.
- 04+
::;Z Damping Matural Seﬂf:rr;:_lon Separation Frequency
Root frum facior ﬁ;%::ﬂ? SMabs s:z?:g:l ratio frfrn Whiriing Type
(rpm) [epm]) 0.35 4
cpmi | 1788 | 1.000 74.8 1711.2 958 0.042 Forward Rotor
cpm2 | 1786 | 1.000 77.2 i708.8 957 0.043 Forward Rtor 0.3
cpm3 | 1786 | 1.000 8290 1703.1 05.4 0.046 | Backward Rotor - +
cpmd | 1786 | D.goo 082 1887.8 045 0.055 | Backward Rotor g 0254
cpm5 | 1786 | 0.001 2039 1582.1 886 0.114 | Backward | Rotor + Strusture E mcpmS
2 4
com& | 1786 | 0.001 2040 1582.0 886 0.114 Forward | Rotor + Structure £ 0.2 Acpmé
cpm? | 1788 | D.128 B05.2 1180.8 86.1 0.330 Forward | Rotor + Structure E Hepm7
= 0.15 A cpmB
coms | 1788 | 0.130 605.3 1180.7 6.1 0338 | Backward | Rotor + Strusture 3 ¥
cpm@ | 1786 | D.065 6533 11327 63.4 0.366 | Backward Rotor cpm10
014 +epmi12
cpmi0 | 1786 | D324 o777 28083 453 0.547 Forward Rotor
cpm13
cpmii | 1788 | 0.607 | 1070.0 716.0 40.1 0.508 | Forward Rotor 0os
. unacceptable —cpm19
cpmiz | 1786 | 0270 | 10762 7008 307 0.603 | Backward | Rotor + Stucture
» #cpm20
cpmi3 | 1788 | 0288 | 10773 7087 307 0803 | Forward | Rotor + Stusture 04+ : : : X : : : : :
cpmi4 | 1788 | 0728 | 10013 8047 380 0.611 Forward Rotor o o0z 04 06 08 1 12 14 16 18 2
X: frequency ratio, fn/ fryn
cpmis | 1788 | 0568 | 11338 8524 365 0.635 | Forward Rtor
cpmi8 | 1788 | D820 11858 500.4 331 0.862 Forward Rotar Figure 3. Damping Factor Versus Frequency Ratio, As-New Clearances, With Water.
cpmi7 | 1788 | 0.783 | 1g80.8 105.2 5.9 0.041 | Backward Rotor
cpmis | 1788 | D848 1708.2 708 45 0.055 Forward Rotor As can be seen in Figure 3, two natural frequencies fall inside the “unacceptable”™ region
com19 | 1786 [ D0.015 1788.9 29 0.2 1.002 Forward | Roter + Structure established in API 610, 12 Edition, due to their damping ratios and separation margins.
cpm20 | 1788 | 0.012 | 17804 3.4 0.2 1.002 | Backward | Rotor + Structure
cpm21 | 1785 | 0332 | 27482 9532 338 1.538 Forward Rotor The next step is to obtain the rotor damped response to unbalance and venfy that the peak-to-
cpm22 | 1788 | 0.563 | 28834 1oa7.4 614 1.614 | Backward Rotar peak displacement of the unbalanced rotor at the point of maximum displacement does not
cpm23 | 1786 | D.019 [ 36354 18494 102.5 2035 | Backward | Rotor + Structure exceed 35% of the diametral running clearance at that point. Section 3.3.3 shows the Damped
cpm24 | 1788 | 0.024 | 38305 1853.5 102.8 2038 | Forward | Rotor + Stucture Unbalance Response Analysis 47
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4. Conclusions
With the assumed loads and considerations previously stated on this report, the following

conclusions are presentad:

1. According to APl 610, 12" Edition, some rotor bending natural frequencies were found to
be within the "unacceptable™ region speclﬁed in Annex |, Figure 1.1 of API 510, 12" Edition,

for the following cases:

nbalance response analysis was performed for the "unacceptable™ natural frequency, for
each of these cases. The critical internal running clearance locations were inspected,
which are mainly the beanngs and annular seals. All the maximum peak-to-peak
amplitudes in these pump internal clearancas resulted to be less than 35% of the diametral
running clearance at their respective locations. Thus, this requirement is fulfilled for the
as-new clearances with water, as-new clearances with the pumped fluid and 2x (two

2. The VMT 18CBXH 8 Stages pu
48
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4B- Rotodynamic Torsional Analysis
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What is it and why it is needed ?

Torsional analysis evaluates the twisting vibration behavior of a rotating shaft system,
including pumps, couplings, gears, and drivers. Unlike lateral analysis, which examines
bending, torsional analysis focuses on rotor angular deflections and torque oscillations
along the shaft.

The purpose is to ensure the rotor system can safely transmit torque without resonance,
excessive twist, or torsional vibration that could:

Damage shafts

Overload couplings

Cause seal or bearing issues
Induce fatigue failure

50
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Why It Is Needed

Torsional vibration can occur due to:

* Engine or motor torque pulsations

« Impeller blade interactions with fluid

» Gear, turbine, or driver torque oscillations
« Startup and shutdown transients

Without torsional analysis:

« Shafts can resonate at critical torsional speeds
« Couplings may fail due to torque peaks

« Gears or timing components may overload

« Equipment may experience premature fatigue
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6.9.2.2 An undamped natural frequency analysis shall be performed by the manufacturer having unit
responsibility if any of the following descrnibe the machinery train:

a)
b)
c)
d)
e)
f)
a)

multiple couplings: trains compnsed of three or more coupled machines rated 2000 hp (1500 kW) or higher;

gears: induction motors, or turbines, through gear rated 2000 hp (1500 kW) or higher;
internal combustion engines: trains with engines rated 335 hp (250 kW) or higher;
synchronous motors: trains with synchronous motors rated 670 hp (500 kW) or higher;
ASDs rated 1350 hp (1000 kW) or higher;

vertically suspended pumps: with a drivers rated 1000 hp (750 kW) or larger;

induction motors: trains with induction (asynchronous) motors rated 2000 hp (1500 kW) or higher.
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What is customer’s benefit ?
Prevents Shaft and Coupling Failures

Avoids catastrophic rotor twisting and fatigue.

e Extends Equipment Life
Reduces stress on bearings, seals, and couplings.
e Ensures Safe Startup/Shutdown
Prevents resonance during speed ramps or transient torque events.
e Reduces Maintenance Costs
Minimizes unplanned downtime caused by torsional fatigue or shaft failure.
e Compliance with Standards

Meets API 610, APl 617, and ISO/API torsional vibration requirements for pumps and
rotating equipment.

What does it cost?
Indicative pricing - $7,000 - $11,000
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3. Torsional analysis

3.1 Rotor model

The complete shaft train was modelled with 230 stations using CADRotor™ along with XLRotor™

code. Each shaft was modelled by means of axisymmetric elements.

Impellers and other

important non-negligible inertias were modelled as digks, added to the comesponding shaft at

their respective center of gravity axial locations. The polar inertia of the impellers was provided
by Ruhrpumpen. These values were then modified to take into account 0% of the entrained fluid

the series impellers, which according to Nordmann [8], it is the appropriate factor to account for
fluid effects in these impellers.

Modeling of the motor rotor and the flexible coupling was performed according to information

provided directly from the motor and coupling vendors, respectively. The motor rotor's core inertia
was added fo the train model as three equally-spaced lumped inertias.

The detail of the rotor model is shown in Figure 1.

g™

E

i‘m— s
e« o 7

YN S3CEYA E tages
Retordymamic Torsional Analysis

2000 4000 i)

Axial Location, mm

Figure 1. Rotor model for torsional analysis.
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Figure 2. Torsional mode shapes plots.
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Figure 7. Torsional lead response vs reference speed (order Tx — Mode ).
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4. Conclusions

With the assumed loads and considerations prewviously stated on thizs report, the following
conclusions are presented:
1. According to APl 610, 12th Edition, the torsional analysiz of the VMT 18CBXH 8 Stages

pump
separation marging of the operating speed. Some of these interference points were

digcarded based on their mode shapes. For the remaining interference points, a steady-
state damped response analysis was performed, and the cyclic torques and shear
siresses were calculated for each critical region, which mainly consist of keyways. These
aligue safety factors
o each crifical region. All calculated fatigue safety factors were greater than 2.0, whi
is the value recommended by experts in the field of torsional vibration. Therefore, the
identified interference points are considered acceptable.

cyclic torques and 5

2. The flexible coupling is be considered suitable for the

current operating conditions.

The VMT 18CBxXH 8 Stages pump i3 suitable for operation from a torsional rotodynamic
perspective.

The results presented in this report are only valid under the considerations and criteria prevg-ésry
described.
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4C- Rotodynamic Transient Torsional Analysis
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What is it and why it is needed ?

What It Is

Transient torsional analysis evaluates the time-dependent twisting behavior of a rotor system during non-
steady conditions, such as:

« Startup

« Shutdown

« Load changes

« Emergency trips (e.g., fast shutdown of turbines or motors)

Unlike steady-state torsional analysis, which only looks at natural frequencies and forced steady vibration,
transient torsional analysis predicts:

« Shaft angular acceleration and deceleration

« Time-varying torque distribution along the shaft

» Peak torsional stress and twist during transients

« Coupling and gear torque limits

This is critical for ensuring rotor safety during extreme operating events.
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Why It Is Needed

During transient events, shafts and couplings can experience torque spikes that exceed allowable
limits:

Rapid motor startup may excite torsional modes

Fast turbine trip may cause reverse torque or shaft twist

Load rejection can create torque reversals or high stress on flexible couplings
Misalignment or inertia differences between driver and pump can amplify torsional vibration

Without transient analysis:

e Shafts or couplings may fail catastrophically What does it cost?

e Bearings and seals may be overloaded e e )
o Vibration-induced fatigue may reduce service life Indicative pricing - $3,000 - $4,000
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Presenter Notes
Presentation Notes
The Decision Tree from API helps you determine when you require this
Most commonly big pumps undergoing frequent stops and starts as shown in the sample report that follows
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What is customer’s benefit ?

* Prevents Shaft and Coupling Damage
Avoids over-torque during startup/shutdown and emergency events.
« Extends Rotor and Equipment Life
Reduces fatigue and stress on bearings, seals, and couplings.
« Safe Operation During Transients
Ensures pump and motor or turbine operate safely under rapid changes.
» Compliance with Standards
Supports APl 610, APl 617, and ISO/API torsional vibration requirements for transient
conditions.
* Reduced Maintenance and Downtime
Prevents catastrophic failure and unplanned shutdowns.
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RP format analysis simple (as provided to customer)

AN

ZMS Il 580006 x 2 (A) — Rotordynamic Transient Torsional JYO-RPOD7S
RUHRPUMPEN Analysis 21-10-2025
S
TS 1| BBIVDS & 2 (A)
) — Rolordynami Torsenal Analss
om

Shaft Radius, mm
=
sty

1 1 1 1 1
ki p D00 =000 Lo

Axlal Location, mm

Figure 1. Rotor model for transient torsional analysis.

m ZMS |l G20/086 = 2 (A) — Rotordynamic Transient Torsicnal JVO-RPOO7S
RUHRPUMPEN Analysis 21-10-2025
S
3.3.5 Results

Peak response torques are listed in Table 5 for the shaft weakest regions at the eleven different

transient conditions.

Table 6. Peak transient rezsponse load.

Peak torques (kM-m)

Three- Phase

N Line-te-Line | Phase | Oppostion

Station Start-Up | ghort Circuit | Short RI:EIosing

Circuit Reaction
Motor Shoulder, Station #5 04982 1.2153 0.8455 1.9126
Maotor Shoulder, Station #9 0.5504 1.3266 0.9378 21226
Motor Shoulder, Station #27 142022 297310 31.8078 536144
Connection Coupling Motor 142342 298180 39117 63.6415
Connection Coupling Pump 13.9038 29.4971 31,6405 63.1788
Impeller Nut DE, Keyway 137556 29 2660 31.3949 52 6210
Impelle 2nd Stage, Keyway 13.5813 257265 28.0029 59.5129
Throttling Sleeve, Keyway 7.1500 151252 16,2992 32 6660
Suction Impeller, Keyway 0.3799 0.7839 0.8740 1.7662
Impeller Nut NDE, Keyway 01667 0.3440 0.3835 07751
Fan, Keyway 0.0002 0.0005 0.0005 0.0010

3.4 Stress-Life Fatigue Analysis
Stress life fatigue assessment was performed for each critical shaft region at every transient event
in order to determine the number of starts of short circuits that the ZMS 1l 660/06 x 2 (A) pump

can be subjected to.

XLRotor code was used for this calculation. This calculation is based on the Goodman adjustment
fatigue life assessment and the Miner's rule for cumulative fatigue damage. If number of starts is
1000000 and number of cycles in life calculation is equal to 0, then the shaft's analyzed station
has an infinite number of life cycles or starts. On the other hand, if the number of starts is 0, then
shaft is not acceptable for the peak torques calculated previously.
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RP format analysis simple (as provided to customer)

RUHRPUMPEN
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Analysis

ZMS 1l 62006 = 2 [A) — Rotordymamic Transient Torsicnal

JYVO-RPOOTS
21-10-20235

Table 10. Stress life calculation, Phase Opposition Reclosing Reaction.
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RP format analysis simple (as provided to customer)

4. Conclusions

With the assumed loads and considerations previously stated on this report, the following
conclusions are presented:

1. Transient torsional analysis was performed on the ZMS 11 680/06 x 2 (A) pump shaft train,
using stress life calculation method. For the eight transient cases ed, all stations of
interest obtained way over 1500 starts, which is the recommended APl number of starts

for driven equipment, thus, this requirement is fulfilled.

2. The ZMS Il 680/06 x 2 (A) pump is adequate to operate from a transient torsional
rotordynamics standpoint.
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Coming Attractions ©

“New Developments in the VS6 Market”
(vertical double case pumps for low NPSH service)

Thurs 19t February 2026 — 08.00 (UK GMT) (Eastern Hemisphere) & 17.00 (UK GMT) (Western Hemisphere)

Vertical pumps, especially VS6 pumps, are among the least well understood pump types among
rotating equipment engineers, mainly because they are not as frequently used as their horizontal
brothers. This short course will revisit VS6 & VS1 pumps in API610 hydrocarbon applications and

introduce an exciting new development in this market segment.
Aimed at Process and Mechanical Engineers, and Consultant Engineers who specify pumping

equipment as well as Applications & Sales Engineers selecting and quoting them
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Presenter Notes
Presentation Notes
Well that pretty much concludes the fun for today
I hope you found it useful
I just get to advertise the next of the Short Courses
The next course is on“New Developments in the VS6 Market”�(vertical double case pumps for low NPSH service)
 
Vertical pumps, especially VS6 pumps, are among the least well understood pump types among rotating equipment engineers, mainly because they are not as frequently used as their horizontal brothers. This short course will revisit VS6 & VS1 pumps in API610 hydrocarbon applications and introduce an exciting new development in this market segment.  Again two sessions, one for the Eastern Hemisphere and one for the Western Hemisphere.
The invitation will be published very soon. 
Put it in your diary



(7 N\

RUHRPUMPEN
N

Specialist for Pumping Technology

Q&A

ssmith@ruhrpumpen.com

www.ruhrpumpen.com

marketing@ruhrpumpen.com



Presenter Notes
Presentation Notes
I am leaving this meeting open for a little while to allow you to post in the Q&A box and I will endeavour to answer those that only need a short answer here and now. Those that need a fuller answer will be answered within a few days.
Anything you think of later – email to marketing@ruhrpumpen.com
Or to me directly at ssmith@ruhrpumpen.com
 
Our marketing team will be sending you the You Tube recording and PDF of the Presentation & the Summarised Q&A from both of today’s sessions.
If you need a Certificate of Completion for this Short Course – again marketing@ruhrpumpen.com
 
Here - right at the end- are 8 slides about Ruhrpumpen that remind you of who we are and what we do
They will be in the pdf copy of the presentation you get so you can peruse them at your leisure
 
Now – on with the Q&A
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MANUFACTURING FACILITIES

USA [Tulsa]
Germany [Witten]
Mexico [Monterrey]
Brazil [Rio de Janeiro]

Argentina [Buenos Aires]

= Egypt [Suez]

India [Chennai]
China [Changzhou]
Russia [Moscow]

United Kingdom [Lancing]



MANUFACTURING FACILITIES

Area: 1,703 m?
Testing: 670 HP

Area: 15,000 m?
Testing: 6,000 HP

Area: 29,000 m?
Testing: 2,000 HP

Area: 18,000 m?
Testing: 7,500 HP

e @ ,
Area: 11,000m?
Testing: 6,000 HP

Area: 2,280 m?
Testing: 2,680 HP

Area: 7,500 m?
Testing: 1,500 HP

Area: 7,500 m?
Testing: 6,000 HP



MARKETS WE SERVE

Our commitment to create innovations
that offer reliable solutions to our
customers allow us to provide a
complete range of pump systems to
support core markets as: o) " N
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OUR PUMP LINES

Ruhrpumpen offers a broad range of highly engineered
and standard pumping products that meet and exceed
the requirements of the most demanding quality
specifications and industry standards.

Our pumps can handle head requirements as high as 13,000 ft
(4,000 m) and capacities up to 300,000 gpm (68,000 m3/hr).
Moreover, our pump designs cover temperatures from cryogenic
temperatures of -310 °F (-196 °C) up to 752 °F (400 °C).

Products include:

Single Stage Overhung Pumps
Between Bearings Pumps
Horizontal Multi-Stage Pumps
Vertical Multi-Stage Pumps
Vertical Mixed Flow & Axial Flow Pumps
Positive Displacement Pumps
Full Range of Industrial Pumps
Submersible Pumps

Magnetic Drive Pumps
Decoking Systems

Packaged Systems

Fire Systems


Presenter Notes
Presentation Notes
Overhung – Foot mounted or Centreline, ANSI, ISO, General Purpose or API610
Between Bearings – Axially Split, Radially Split, API compliant
Multi-stage – Axially Split Case & Radially Split Double Case (Barrel)
Vertical - Single stage, Multi-stage, API & General Purpose, Double Case or Single Case
Submersible pumps
Positive Displacement
Mag Drive
Packaged Systems
Fire Systems
I have added a few slides right at the end of the presentation as an appendix, showing the full range of our products. Scroll. But I don’t plan to spend any time on them in this Presentation, you can take a look at your leisure when you get a copy of this Session

That is the end of the commercial, now back to the subject matter!



OVERHUNG PUMPS

CATEGORY RP MODEL DESIGN STANDARD
ISO 2858 & 15783
Drive Pumps SCE-M API 685
IPP HI design (OH1)

HI design (OH1)

CPP/CPP-L ANSI B73.1
HI design (OH1)
CPO /CPO-L
Foot Mounted ANSI B73.1
OH1 and General CRP HI design (OH1)
End Suction ISO 2858 & 5199
FUIE GSD HI design (OHO) ﬁml-
SHD / ESK / SK / SKO | |
SKV /ST /STV HI design (OH1) ‘!O‘
SWP HI design (OH3A) ﬁ
Centerline
Mounted SCE API 610 (OH2) mm
SPI AP| 610 (OH3) hg
Pumps L HI design (OH5)
Dimensionally compliant with ANSI B73.2
SPN API 610 (OH5) 2‘
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DESIGN

HSC /HSD / HSL .
HSR / ZW HI design (BB1) i
Axially split HSM HI design (BB3) O
ZM | ZMS | P
1 and 2 stage ZLM | ZME API design (BB1)
HVN/J API design (BB2)
Radially split ‘%—
RON / RON-D API design (BB2)
SM / SM-I API design (BB3)
Axially split '%
JTN API design (BB3)
Multi-stage
i i A
Radially split GP API design (BB4) —
single casing
Radially split . _ﬂ_
ST G A LINE API design (BB5)




VERTICAL PUMPS

DESIGN
CATEGORY RP MODEL STANDARD
VTP HI & API 610 (VS1)
VCT HI & API 610 (VS1)
Diffuser
HQ HI & API 610 (VS1)
VLT HI & API 610 (VS1)
Single
casing Volute DSV /DX HI & API 610 (VS2)
Discharge through
T e e VAF HI & API 610 (VS3)
Separate discharge line VSP / VSP-Chem HI & AP1 610 (VS4)
Diffuser VLT / VMT HI & API 610 (VS6)
Double
casing
Volute DSV /DX HI & API 610 (VS7)
SMF HI design (OH8A)

Submersible pumps
VLT-Sub / VTP-Sub HI design (VSO0)




SPECIAL SERVICE PUMPS

DESIGN
CATEGORY RP MODEL STANDARD
Pitot tube pumps COMBITUBE HI design
Reciprocating pumps RDP gg %‘;1 0
Vertical turbine VTG HI design (VS6)
generator
Barge LS BARGE HI design
ZNZ HI design
Floating dock pumps
LvZ HI design
SVNV -
Cryogenic pumps VTG Cryogenic -

VLT Cryogenic
VLTV

Fire systems incorporate pumps,
drivers, control systems and

_ . pipework in a single container. NFPA-20-850
SHIE-PEE EEEUITE They can be skid mounted, with UL and FM approved
pump systems or without enclosure and components

supplied with electric motor or
diesel engine.
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