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Rain Bird PGA Series Plastic Irrigation Valves Page 1 of 2

RAINIBIRD

HGA Series | More

Plastic Irrigation Valves Click to Enlarge Photos
Rain Bird manufactures only the highest .‘ R 7
quality valves. PGA series plastic i *

globe/angle valves may be used for
residential and light commercial
irrigation applications. The PGA Series
offers versatility at an affordable price.

All Rain Bird valves work with any

standard sprinkler timer.
P ! Recommended Product

Festures
Rain Bird VB Series

Models
ae Valve Boxes

Specifications
FAGS

Manuals & Literature

+ Globe and angle configuration for flexibility in design and installation.

* Rugged PVC and glass-filled nylon construction for reliable operation.

* Normally closed, forward flow design.

* Filtered pilot flow to resist debris and clogging of solenoid ports.

» Slow closing to prevent water hammer and subsequent system damage.

* Manual internal bleed operates the valve without allowing water into the valve
box. Allows pressure regulator to be adjusted without turning the valve on at
the controller.

* One-piece solenoid design with captured plunger and spring for easy
servicing. Prevents loss of parts during field service.

* Non-rising flow control handle adjusts water flow as needed.

* Accommodates optional, field-installed PRS-D pressure regufating module to

ensure optimum sprinkler performance.

http://www.rainbird.com/landscape/products/valves/PGAseries.htm 06/08/2013



Yalvesg
FOA Series

www.rainbird.com/valves

Dimensions
Model Height Length Width
-100-PGA 7}" (184 cm) 5%" (14.0cm) 3W"(8.3cm)
+150-PGA 8" (203 cm) 6% (172cm) 34" (89cm) gpm PGA ~ PGA  PGA  PGA  PGA PGA
Globe Angle Globe Angl lobe A .
F200-PGA 10°(54cm) 7R (197cm) (127 cm) oo qeoe TP e Globe Angle.
Note: PRS-Digl adds 2" (5.1 cm) to valve height & 51 43 _ : T
5 55 50 - - - -
Models 0 59 55 - -
+100-PGA: 1" (26/34) e 20 60 .56 - . . ,
» 150-PGA: 114" (40/49) -—-—-> 30 - 64 55 19 13 - -
+ 200-PGA: 2" (50/60} 4 - 70 75032 20 1.2 1.0
BSP threads available; specify when ardering 50 - e T R _4-8 ! 3.0 15 0.9
Recommendotions 75 ; ST 111 65 - 30 17
1. Rain Bird recommends flow rates in the supply line not to exceed 7.5 fi/sec 100 T B S 192 . 117 55 30
{2.29 m/s) in order ta reduce the effects of water hammer 125 - - - - 8.6 48
2 For flaws below 5 gpm (1,14 m3t; 19.2 lim), Rain Bird recommencds use of upstream 150 . R - s 172055

filtration to prevent debris from collecting below the diaphragm

3.for flows below 10.gpm (2.27 m3h; 37.8 i¥m) Rain Bird recommends the flow
control stem be turned down two full turns from the fully open position

150- 200
Ifm PGA PGA PGA PGA PGA

Globe Angle Globe Angle Globe
Water Temperature Continuous Pressure 29¢cm 2.5¢cm 38cm 38¢m 5.1cm
ey ; 023 38 035 030 - - -
73°F 150 psi
. . 0.6 10 036 032 - - - -
80°F 132 psi
. ) 1.2 20 038 03 - - . -
(90°F M2psi . _
' 00°F 93 psi 3 50 041038 - - . -
1HO'F Tspsi - S 6 1000 043 038 010 007 - -
et : : — 9 150 048 051 022 014 008 007
_ 7 o |12-0 20000 - 038 023 012 007 |
& T : : : 157250 - oo 08t 036 017 010
: 187 3007 -0 - 086 051 024 013
. 28 00350 - L 16 0 070 033 048
. Water Temperature Continuous Pressuse 2475 400 T ) ) 043 023
i;g g;gz: R 300500 - - - - 066 036
_ ' 568 - - - - 083 045
38°C . Bbdbar - : # . ' R
j{_g;_’“cw E : 5.2 bar i o Notes

1. Loss values are with flow control fully open
2. PR5-Dial recommended for use in shaded area only

ligent Use of Water.




* 2- to 12-Stations
s Indoor an
¢ Modular

Designed for flexibility, the Toro® TMC-212 is the
ideal controller choice for residential applications.
With station count modularity from 2 -12 stations
and indoor or ocutdoor models, it’s also one of
the only controllers needed in a contractor’s

inventory,

Features & Benefits

Station Count Modularity

For flexibility and reduced inventory— modular from 2
to 12 stations in 2-station increments.

Automatic Short Detection
For circuit protection and faster troubleshooting. -

Non-Volatile Memory

Requires no batteries and holds programming for up to_
five years.

Scheduling Flexibility

Three independent programs and four start times per
program.

Pump Start Compatibility

Pump Delay and Well Recovery/Station Delay w:th
Pump-enabled Option.

Water Management Highlight

Auto-split on
Season Adjust > 100%

The TMC-212 is designed to
hefp minimize the potential for
runoff, When Season Adjust is
set > 100%, the TMC-212 will
automatically split station run-
times in half and run two cycles
of the program to minimize the
effects of extended runtimes
and allow for absorption.

Rain
Sensor
Compuatible

TMR-1
Compatible

PS5-KIT
Compatible

1 approved when used with

:,/s/‘z"z . EPA WaterSense®
Irritrof® Climate Logic*®

Two-station Modules

Two-station modules provide station count flexibility and cost:’
effectiveness.

TSM-62
Standard




Specifications

Dimensions o -0 Optional Accessories _

= Indoor: 8”7 W x 8 12" H x 2” D (203 x 216 x 51mm) * PSS-KIT - Precision™ Soil Sensor Kit
* Outdoor: 13" W x 9 %" H x 3 12" D (330 x 241 x 89mm) « TRS — Wired RainSensar

* Weight: * 53853 - Wired Rain/Freeze Sensor

- Indoor - 3 Ibs. 4 0z. (1,5 kg) * TWRS/TWRFS — Wireless RainSensor or Wireless Rain/Freeze Sensor
— Outdoor - 5 Ibs. 6 0z. (2,4 kg) * TMR-1 - Maintenance Remote

Electrical Specifications

-Warranty:
¢ Electrical input power: SRR
- 120 VAC * Three years
— 18 VA maximum (indoor models)
- 20 VA maximum (outdoor models)
~ UL, CUL Listed
* Station output power:
- 24 VAC
- 0.50 amps per station maximum _
- 0.50 amps pump/master valve :
- 0.70 amps total load Advanced Features
* Surge Protection:
- 6.0 KV common mode; 600 V normal mode

Operating Specifications Pump Start Delay provides

settable time delay between
activation of MV/PS and first
valve 10 allow for main pressur-
ization. Well Recovery/Station
Delay provides settable time
delay between stations to allow
for slow-clasing valves ar well
refill with selectable Mv/P3s
Energized during delay.

* Three programs, four start times per program
+ Station run times from one minute to four hours
* Three Scheduling choices
- Seven-day calendar
- 1- to 7-day interval with day exclusion
- Odd/even days with day exclusion
* Programmable well recavery/station delay from 1 to 60
seconds or 1 to 60 minutes
* Pump start delay from 1 to 60 seconds
» Master valve on/off by program
» Automatic split cycle when season adjust is greater than 100%
* Program stacking
* Rain defay from one to seven days
* Hot-swappable station modules
+ Compatible with normally open or normatly closed
Fain sensors

' « Operation of two selenoids per station (up to 0.50 amps per TMC-212 Series Model List
| station max} . . _ B
Model . Description . : :

+ Indoor and key-lock outdoor models

— e ST WRT R W WS WM YEE W WP W W W W W W
s

« TMC-2121D | 4-station, Indoor
| * TMC-212-0D 4-station, Cutdoor

| Station Modules - Base model includes 4 stations (2 modules)

‘ Model | Description : .

* TSM-02 2-station Expansion Madule

Specifying Information—TMC-212
TMC-212-XX

Cabinet Type
R - TMC-212 . S L - XX
TMC-21 2—Toro Controlier iD—Indoor OD—COutdoor

Specifying Information—TSM Module
TSM-02

Module Description
T5M e L oz
TSM—Toro Station Module 02—2-stalion Expansion Madule
Exampte: A 6-station indoar TMC-212 Controller, would be specified as: TMC-212-1D and T5M-02

Note: Base model includes four stations (two modun’é;j

Toro JEC
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Water Discharge Hose

Application:

A premium high pressure rubber layflat hose, suited ideally for mining,
construction, agriculture, water jetting, dewatering, industrial wash down
submersible pump discharge applications. This hose has excsllent
abrasion and weathering resistance and limited ofl resistance.

Construction:

Tube - Black ribbed abrasion and oil resistant nitrile rubber.
Reinforcement - Circular woven polyester yarms.

Cover - Black abrasion, weather and il resistant nitrile rubber.
Branding - FLEXTRAL WAZ20-200 2" IRON RIVER DISCHARGE
HOSE 200 PSI MAX WP

Temperature Range:
-20°C to +82°C (-4°F to +180°F)

LD: ‘Weight. . /Stand.
. PartNo:-" | Inches 1 (Ibsft.)- | Lengths.
VWAZ0-150 1% 0.21 300°
VYWA20-200 2 0.30 300°
WA20-250 216 0.42 300"
WA20-300 3 0.48 300
| wazo4c0 4 0.64 300'
> waz20600 6 1.1 300"
WA20-800 8 1.51 300°
WA20-1000 | 10 2.50 501100
WA20-1200 12 3.92 50/100"

<
m
X
7y
n.
m
=
2]
m

pisrartNeG 3 . “Method

. WAZ0-150CE5S0 E Preform Clamp
WAZ0-200CESD 2 E 50 Preform Clamp
WAZ0-300CES0D 3 E 50 Preform Clamp
WA20-400CES0 4 E 50 Preform Clamp
WA20-800CESQ 6 E 50 Preform Clamp
WA20-800CES0 8 c E 50 Perfarm Clamyp

* Call for other lengths, fitting and crimping/clamping combinations.

e




Water Suction Hose

Application:
A heavy duty rubber suction hose for construction, quarries,

mining, dewatering and heavy duty applications, and general
use. Suitable for full vacuum.

Construction:

Tube - Black smooth rubber.

Reinforcement - Synthetic yarn with a wire helix.

Cover - Black smooth abrasion resistant rubber.

Branding - FLEXTRAL WABD-200 2" RUBBER WATER
SUCTION HOSE 150 PSI MAX WP

Temperature Range:
-32°C 1o +85°C (-25°F to +185°F)

Weight | Stand.
‘ {Ibs.fft.)| Lengths

0.48 100°
0.49 1000
0.75 100°
0.80 1007
1.10 100
1.75 100’

WASIO—IOTE Ya
WAS50-100 1
WAS50-125 1Va
WAS50-150 114
WAS0-200 2
WAS0-250 214

WAS50-300 3 2.24 100
WAS50-400 4 2.7% 100
WAS50-500 5 3.25 100
~> WAS0-600 6 5.75 201100
WAS0-800 8 6.59 200

WAS0-1000 10
WAB0-1200 12

10.25 20
13.50 20

:Atta'.__:_hing
WAS0-150CM20 1% o] CNT 20 Preforrn Clamp
WAS0-200CM20 2 C CNT 20 Preform Clamp
WASD-300CM20 3 C CNT 20 Preform Clamp
WAB0-400CM20 4 C CNT 20 Preform Clamp
WAS0-600CM20 6 c CNT 20 Preform Clamp

* Call for other lengths and fitting combinations.

B12
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BOSHART INDUSTRIES

Telephone: 1-519-595-4444 - Toll Free: 1-800-561-3164
Fax: 1-519-595-4380 - www boshart.com

2-3
May 9/12

& PLECE

NO LEAD FULL PORT BALL VALVES

+ Rated 600 W.0.G.
® Temp rating: 32°F to 3529F (0°C to 206°C)

* Packing & seat material: PTFE {polytetrafiuaroethylene)

¢ Full Port » Blow out proof stem s Blue plastic sleeve

PART NO. LIST PART NO. LIST PORT QUANTITY
THREADED SIZE  DIAINS. CTN CASE

0820-02ML - 1/4r 0.354 12 120

0820-G3NL 3/8" 0.393 12 120

0820-05NL 12" 0.500 10 100

0820-07TNL 3/4" 0.748 8 64

0820-10NL 1" 0.984 6 30

0820-12NL 11/4" 1.259 6 24

0820-15ML . 11/2" 1408 4 16

ngn rhirnrparu- 0820-20NL 20 1.969 2 8

~ Ceriified o 0820-25NL 21/2n 2480 2 4

by voiahian avg.| 17411372 0820-30NL : 30 / 2,052 2 a
0B20-40NL < 40 1 2

“Bil" FORGED BRASS FULL PORT BALL VALVES - SERIES 0825

BII &

N SERIES 0815

® 174" thro 2" rated 500 W.Q.G.,
2-1/2" thru 4" rated 400 W.O.G.

» 150 PSI saturated steam

» Forged brass

» Blow-out proof stem

» Chrome plated ball

+ Yellow piastic sleeve

< The following gas approvals apply
to 1/2" - 2" threaded valves only:

. # Meets CSA approval

* Temp Rating: -22°F to +302°F
(-30%C to +150"C)
STANDIARD 3 83 {UISA)
STANDARI) CReI-0C2 {CAN)
b PSIG RATEDR GAS VAIVE

5G

® Packing & seat material: PTFE {polytetrafluoroethylene)

BII &
B scrirsosr; .

A

“BII" FORGED BRASS “ULL PORT BALL VALVES - SERIES 0827
e 179 thru 2° ratedh600 CWP, 2-172" thru 4" rated 400 CWP

VP (Cold Working\Pressure) Rating: -20°F to +100°F {-28°C to +37°C)

Max Temp Rating: 408 F (204°C}

* PTFE (polytetrafiuoroethylene) Packing

» W5SP (Working Steam Presyyre) Rating: 150 PS| Saturated Steam

s Chrome Plated Bali

¢ Blow-om Proof Stem

® Yellow plastic sleeve

o UL Listed, FM Certified: 1/4" thru % threaded and CxC

o cUPC Certified by IAFPMO according thJGC157: 1/4" thru 2" threaded and CxC

o NSF/ANSI 61-8 Certified by IAPMO: 1/% thru 4" threaded and CxC

PART NO. LIST PART NO. IST PORT QUANTITY
THREADED PRICE-F CxC FRICE-F  SIZE  DIA.INS., CTN CASE
'0825-02 5.92 174" 0.393 15 120
082503 5.82 - - . 3/8" 0.393 15 120
0825-06 & - 0.06 08250405 7.99 1,20 0.590 15 120
0825-07 ¢ 13.43 0826C-07 13,13 374" 0.787 10 60
0825-10 ¢ 19.25 QM25C-10 18.22 1" 0.984 8 43
BE25-12 30.88 /0825C-12 3254 1174 1259 4 24
08%5-15 ¢ 43,74 0825C-15 14649 11/2v 1575 2 24
082530 ¢ 6548 - .0825C-20 67.02 2 - 1.969 -2 12
0825-2 84.70 ..0825C-25 125.20 2172 2559 2 G
0825-30 188.50 0825C-30 201.96 3» 2.952 2 4
0825-40 320,73 ©0825C-40 32073 4 3.937 1 ]

PART NO. LIST PART NO. LI PORT QUANTITY

& The following CSA gas/pprovals apply to THREADED PRICE-F CxC PRICE-FNSIZE  DIAINS. CTN CASE
1/4" - 2" threaded yAlves only: 0827.02 & 5.81 B . ¢ 038 12 120
0827-03 § 527 S 3/8 0.39 12 126

0827-05<- . - 7.44 .0827C-05. 6.51 t/2¢ 0.59 10 100

S A SN, g cranono 0827.07 ¢ 1135 0827C-07 10.46 374" Q.75 & 6
ASME D16, 33 STANZAKD L2 PSI0 RATING (CAN) 0g27.10 ¢ 18.25 0827C-10 16,27 1 083 6 30
0827-12 & 26.49 0827(C-12 2452 11/4" 125 5] 24

1/2pPSI 5G 0827-15 ¢ 41.63 0B27C-15 ° 03897 11/2¢ 1.57 4 16
ANSI Z21.15 (USA) STANDARD 328 (1154) D827-20 ¢ 58.12° 08z7C-20 . 53,55 2¢ 1.97 2 g
CGA 9.1 (CAN) , STAMDARD cRal-0o2 (CAN)  go7.25 "7 140.41 .0B27C-25 - 118,27 21727 2.52 2 4
172 PSIG APPLIANCE VALVE 5 PSIG RATED GAS VALVE 0897-30 171.93 0827610 15543 3 e 5 4
0B27-40 277.10 0827C-40 280.03 4 3.90 1 2

NOTE: Handles are available. Please contact your Sales Rep.

CDN
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WATER SUCTION HOSE

~“Rubber Water Suction‘is th
s the heavy-duty produc
heavy construction; dewatering
-mining. apphcatlons 0
sizes, is more robust than
~-market. It is-ideal for
, Jncludmg vacuum truck,s

aditional” suction hose. It
9y-many: users for
al, 1mgat10n and
articularly in the larger
her products found in the
d demandmg apphcatlons

.~ G341... RUBBER WATER SUCTION

Tube: Smooth, black rubber.

Reinforcement: Heavy wire helix embedded be-
tween layers of synthetic textile cords.

- Cover: Black, wrapped finish, weather and abrasion
resistant rubber with green stripe.

Temperature Range: -40°C (-40°F) to 70°C (158°F)

Part Working Vacuum~~=pe Weight PRICE PER FOOT Standard

1.D. Number 0.D. Pressure Rating Radius per foot Cut Std Length Length
1" (6341-100 1.38" 150 psi Full 7" 0.50 b $6.10 $5.10 100 ft

11/4 G341-125 1.65 150 Full 8 0.61 6.80 5.50 100
11/2 G341-150 1.93 150 Full 9 0.80 "6.90 5.60 100
2 (G341-200 2.48 150 Full 12 1.06 7.70 6.60 20 or 100
21/ G341-250 2.95 150 Full 15 1.51 10.70 8.90 100
3 (G341-300 3.46 150 Fult 21 181 . 12.10 10.00 20 or 100
4 G341-400 457 150 Full 30 2.42 17.60 14.50 20 or 100 ::_,
5 G341-500 560 75 Full 40 4.20 29.00 24.20 100
__,,..:? 6 (G341-600 6.77 75 Full 48 5.78 33.60 27.90 20 or 60
8 (341-800 882 75 Full 64 7.56 65.60 48.90 20 or 40
10 G341-1000  10.94 75 Full 80 10.20 73.10 20
12 G341-1200 12.88 60 Full 96 13.37 126.10 20
For popular stiction and discharge assemblies see pages 48-49.
Green Line 43 "{



WATER DISCHARGE HOSE

.;,Where conventional fabric covered fire hoses are used in
~-wash-down or mill discharge applications, they quickly
_ beco a-frayed on the cover. Adding a nitrile/PVC blend
~rubber cover gives a long lasting hose suitable for many
“applications such as plant wash-down and general water
harge for construction and rental companies.

“ Tube: Nitrile/PVC blend rubber.

Reinforcement: Woven synthetic fabric.

Cover: Rib finish nitrile/PVC blend rubber,
Temperature Range: -20°C (4°F) to 70°C (158°F)

Part Working Weight LIST PRICE PER FOOT Standard
L 1.D. Number 0.D.  Pressure per ft Cut Std Length Length
11/2" G1372-150 1.66" 200 psi 0.21 b $3.90 $2.80 50 or 200 ft
2 (G1372-200 2.16 200 0.30 4,90 3.50 50 or 200
3 G1372-300 3.20 175 0.48 7.60 5.50 50 or 200
4 (G1372-400 4,24 150 0.67 9.90 . 7.20 50 or 200
6 (1372-600 6.28 150 1.36 18.00 12.30 50 or 200
agonis a"quue product which combines the “sin- dragging-friction to-make handling easier and further

Li” features of the PVC discharge hoses (light-weight, reduce wear.-Black Dragon'is fast’overtaking conventional

nd. The fluted (ribbed) cover reduces

_temperature range of rubber. In addition,
orates an-oil and chemical resistant nitrile rubber

both durability and “easy:ha
Dragon is even suitable fol
for use with pollution control eq

G1373... BLACK DRAGON &

Construction: G1373 Black Dragon is manufactured using a
unique process which incorporates the inner tube, reinforce-

0 coil; compact construction) with the abrasion " discharge hoses in popularity. It is.an‘excellent value when

ling are: consideted. Black

oducts and-is ideal

Fg ment, and outer cover into a single “solid wall” hose. The

reinforcement, a seamless, woven, high-tenacity polyester, is
-embedded in black nitrile/PVC blend rubber. This gives the hose
the same tough, abrasion, oil and weather resistant properties
inside and out.

Temperature Range: -30°C (-22°F) to 70°C (158°F).

Green Line

_For popular discharge hose assemblies see page 50.

Working Weight PRICE PER FOOT Standard

I.D. Number 0.D.  Pressure per ft Cut Std Length Length

11/2"  G1373-150 1.66" 200 psi 0.211b $ 4.60 $3.30 50 or 100 ft*

2 (G1373-200 2.16 200 0.30 5.90 4.30 50 or 100

212 61373-250 2.66 175 0.37 8.20 5.90 50 or 100

3 (G1373-300 3.20 175 0.48 8.80 6.40 50 or 100

4 G1373-400 4.25 150 0.67 11.40 8.30 50 or 100
N > 6 G1373-600 6.25 150 1.36 20.50 14.00 50 or 100

8 (1373-800 8.28 150 1.75 41.60 27.50 50

10 G1373-1000 10.32 150 2.02 84.50 49.90 50




m-cam:locks are manufactured from aluminum alloy

nd plated stee! finger rings. G65 couplings fit Com-
em:Description . (CID) #A-A-593268B for sizes 3/4" to 6"

h other couplings-that meet this specifica-
t standard has been established for 15", 8"
anufacturers” couplings may not interchange
couplers are supplied-with locking clips.

Part No. Size IMPA Code

ALUMINUM CAM-LOCKS

PRICE EACH

Alimintm working ‘pressures: *
2" to 2" 250 psi

212" to 4" 150

5"& 6" 75

8" .50

Standard qaskets are rated to 105°C (2215F)

Part No. Size IMPA Code

PRICE EACH

G65B... PART B MALE NPT COUPLER

G65C... PART C HOSE SHANK COUPLER

G65A... PART A FEMALE NPT ADAPTER

G65A-050 12" 35-17-01 $3.30
G65A-075 34" 35-17-02 3.30
(65A-100 1" 35-17-03 3.50
G65A-125 14" 35-17-04 4.50
(65A-150 112" 35-17-05 . 430
G65A-200 ! 35-17-06 4.90
G65A-250 212" 35-17-07 8.90
G65A-300 3" 35-17-08 - 8.70
G65A-400 4" 35-17-09 14.60
G65A-500 5" 35-17-10 34.90
G65A-600 6" 35-17-11 33.20
G65A-800 8" 35-17-12 158.60
G65A-1000 10" 337.10

665B-050 17" 35-18-51 :
G65B-075 34" 35-18-52 7.50
(65B-100 1" 35-18-53 8.50
G65B-125 134" 35-18-54 10.60-
G65B-150 112" 35-18-55 10.60
(65B-200 2" 35-18-56 11.20
(65B-250 212" 35-18-57 16.80
(65B-300 3" 35-18-58 18.80
G65B-400 4" 35-18-59 27.20
(658-500 5" 35-18-60 62.80
G658-600 6" 35-18-61 60.40
- (65B-800 8" | 35-18-62 307.70
(658-1000 10" 546.10

665C-050 1" 5.90
665C-075 34" 35-20-01 6.10
665C-100 1" 35-20-02 7.00
665C-125 134" 35-20-03 10.00
G65C-150 142" 35-20-04 9.90
G65C-200 2" 35-20-05 11.60
G65C-250 21" 35-20-06 17.20
G65C-300 3" 35-20-07 19.60
G65C-400 4" 35-20-08 26.00
G65C-500 5" 35-20-09 65.60
G65C-600 6" 35-20-10 60.40
G65C-800 8" 35-20-11 296.10
G65C-1000 10" 719.50

Safety Note: Cam-locks should not be used with compressed air or other compressed gases.

areen Line

G65D... PART D FEMALE NPT COUPLER

(65D-050 15"
G65D-075 35"
G65D-100 1"
G65D-125 114"
G65D-150 112"
G65D-200 2"
G65D-250 217"
G65D-300 3"
G65D-400 4"
G65D-500 5"
G65D-600 6"
G65D-800 8"
G65D-1000 10"

35-18:01
35-18-02

35-18-03

35-18-04

35-18-05

35-18-06
35-18-07

35-18-08 .

35-18-09
35-18-10

35-18-11
35-18-12

G65E... PART E HOSE SHANK ADAPTER

G65E-050 1" ﬁ :
G65E-075 33" 35-19-01

G65E-100 1"
G65E-125 114"
G65E-150 112"
G65E-200 2"
G65E-250 212"
G65E-300 3"
G65E-400- 4"
G65E-500 5"
G65E-600 6"
G65E-800 8"
G65E-1000 10"

35-19-02
35-19-03
35-19-04

35-19-05

35-19-06
35-19-07
35-19-08
35-19-09

35-19-10
35-19-11

G65F... PART F MALE NPT ADAPTER

G65F-050 1"
G65F-075 34"
G65F-100 1"
G65F-125 134"
G65F-150 112"
G65F-200 2"
G65F-250 21"
G65F-300 3"
G65F-400 4"
G65F-500 5"
G65F-600 6"
G65F-800 8"
G65F-1000 10"

35-17-51
35-17-52
35-17-53
35-17-54
35-17-55

35-17-56
35-17-57
35-17-58
35-17-59
35-17-60

35-17-61
35-17-62

7.60
8.20
10.90
10.20

11.10
18.00
18.90
28.20
54.30

59.30
282.50
546.10

. $3.70

3.50
4.00
5.30
5.00

6.30
10.80
12.60
20.90
48.50

51.20
189.50
447.30

$ 4.20
. 420
4.60
6.20
5.40

6.50
11.80
12.50
20.40
48.80

46.70
200.00
367.60

jeny ® syppoj-wo)




Nominal Diameter | Minimum DIAM | Maximum DIAM | Min.Thickness | Max.Thickness
[mm] [mm] [mm] [mm] [mm]
25 24,0 26,0 2.1 2,3
30 29,0 31,0 2.1 2,3
38 37,5 39,5 2,0 2,2
45 44,0 47,0 1,7 1,9
52 52,0 55,0 1,8 2,0
60 59,5 62,0 2,5 2,8
= 65 64,5 67,0 1,8 2,1
ﬁ 70 69,0 72,0 1,8 2.1
™ 75 74,5 77,0 2.1 24 Metric
8 76 76,0 79,0 2.1 24 Kamlock
(o) 80 79,5 82,0 2.1 24
90 89,5 92,0 2,2 2,5
102 101,5 105,0 2,2 2,5
110 110,0 112,0 2,3 2,6
127 124,5 127,0 2,7 3,2
152 151,0 155,0 2,7 3,2
204 203,0 206,0 3,5 4,0
254 251,0 257,0 3,7 4,2
305 302,0 308,0 5,0 55

21/06/2010 TIPSA OROFLEX 10
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TECNICAS E INGENIERIA DE PROTECCION S.A.
Pol, Ind. Can Manou, s/n°

08736 - GUARDIOLA DE FONT-RUBI (BCN)

TEL. +34 93 897 89 50

FAX +34938978579

CERTIFICATE OF ORIGIN

Hereby we certify that the hoses OROFLEX are manufactured by TECNICAS E
INGENIERIA DE PROTECCION S.A. in Guardiola de Font Rubi (Barcelona), and are

manufactured according to the ISO 9001 : 2008 standard.

¥

TECNICAS E INGENIERIA DE PROTECCION S.A. Date: 10th, June 2013
Eva Martin
Plant Engineer

190.FOR



tipsa *

FROM THE MANUFACTURER Ne: 020513/3 |

Técnicas e Ingenieria de Proteccion S.A.
P.O. Box 293

08720 Vilafranca del Penedés

Barcelona - Spain

CERTIFICATE OF CONFORMANCE

To Whom It May Concern:

Tipsa, manufacturer of the OROFLEX 20 4", 6" & 8" certifies that the results for those articles,

are according to our internal quality control and and I1SO 9001:2008 requirements.

Signed on 2nd May 2013 in Guardiola de Font-Rubi by :

Eva Martin
Process & Quality Manager



tipsa
OROFLEX 10

Applications: Suitable for use and recommended for
INDUSTRIAL an AGRICULTURE applications in:

Cleaning of Industrial Plants Water operations "Bypass"
Bilge water operations Cable Shealth
Fire protection in mining (MSHA) Relining

Refineries and Petro-Chemical
Applications for water discharge

Not recommended or approved for fire fighting.
However, “ ARMTEX & ARMTEX HD " hoses with similar characteristics are recommended

Construction: Hose shall be made from 100% high tenacity synthetic yarn circular woven and completely,
protected and locked-in by tough highly resistant synthetic nitrile rubber, forming a single homogenous
construction without the use of glues or adhesiv

Lining Properties:
a. Ultimate Tensile Strength:
Tensile strength of the lining and cover shall not be less than 1500 psi (10,500 kpa ).
b. Ultimate Elongation:
400% minimum.
c. Accelerated Aging Test:
The tensile strength and ultimate elongation of the vulcanized rubber compound which has been subjected to th
action of oxygen at a pressure of 300 psi +/- 10 psi, (2100kpa +/- 70kpa) and temperature of 70 degrees
centigrade +/-1 degree cent.

Physical Values:

e

Diameter I\Dl\rlsgléﬁlrge Burst Pressure End Pull Weight Thi\c/\liigss Bend\;\?_ggs at
Inch | mm | psi K Pa psi K Pa Ib Kg. b/ft gf/m. inch min.  fl. mm.
11/4| 30 | 300 2100 1300 | 9000 | 1543 | 700 | 0,192 | 285 | 0,09| 2,3 | 1,64 | 500
11/2| 38 | 200 1400 600 4200 | 1984 | 900 | 0,209 | 310 | 0,08 2,0 | 2,30 | 700
13/4| 45 | 200 1400 600 4200 | 2646 | 1200] 0,249 | 370 | 0,07| 1,8 | 2,95 | 900

2 52 | 200 1400 600 4200 | 2866 | 1300| 0,269 | 400 | 0,08 2,0 | 3,61 | 1100
21/4 ] 60 | 200 1400 600 4200 | 3086 | 1400| 0,390 | 580 | 0,11 | 2,86 | 3,94 | 1200
21/2 1 635| 145 1000 435 3000 | 3086 | 1400| 0,320 | 475 | 0,08 2,0 | 4,27 | 1300
23/4 70 | 145 1000 435 3000 | 3748 1700] 0,384 | 570 | 0,08 | 2,15| 4,43 | 1350

3 76 | 145 1000 435 3000 | 3968 | 1800| 0,444 | 660 | 0,20| 2,5 | 4,76 | 1450
31/2 | 90 | 145 1000 435 3000 | 4630 2100| 0,579 | 860 | 0,20| 2,5 | 4,86 | 1480

4 102 | 145 1000 435 3000 | 5291 | 2400]| 0,639 | 950 | 0,20 2,5 | 5,58 | 1700
41/4 ] 110 | 145 1000 435 3000 | 8818 | 4000| 0,734 | 1092 | 0,09 | 2,34 | 5,91 | 1800

5 127 | 145 1000 435 3000 | 9259 | 4200| 0,976 | 1450 | 0,22 | 3,0 | 6,89 | 2100

6 152 | 145 1000 435 3000 [11023| 5000| 1,110 | 1650 | 0,22 | 3,0 | 7,38 | 2250

8 203 | 110 800 350 2400 |14550| 6600| 1,918 | 2850 | 0,22 | 3,0 | 9,84 | 3000

10 | 254 | 110 800 350 2400 |[15873| 7200| 2,490 | 3700 | 0,24 | 3,5 | 10,50 | 3200

oroflex_10 23/03/2006 - 10/06/2011
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Abrasion Resistance:
In very extreme conditions where abrasion is the most serious concern OROFLEX 10 would extend hose life.
Abrasion resistance> 2000 cycles. DIN Class 5

Cold Resistance:
Hose shall have a capability of use down to - 22 °F. Hose shall have no apparent damage to cover,
reinforcement or lining when subject to -36 °F

Ozone Resistance:
Hose shall show no visible signs of cracking of the lining or cover when tested in accordance with ASTM D1149-
64 (R1970), ASTM D518 Procedure B, 100pphm/118 F/70 hours.

Chemical Resistance:

Exposure to seawater and contamination by most chemical substances, hydrocarbons, oils, alkalis, acids and
greases must have no effect on the short or long term performance of the hose. A chemical resistance chart is
available and TIPSA will supply specific chemical resistance data on request of purchaser for unique
applications.

Heat Resistance :
The hose when subjected to a static pressure of 100 psi ( 700 kpa ) shall be capable of withstanding a surface
temperature of 1200 F for a minimum of two minutes without rupture or damage to the synthetic reinforcement.

Repairability:
Cover damage, small holes and punctures are repairable with use of REPOKIT and Vulcanizer. Full instructions
for use supplied on request.

Color:
Black and Ocre(Yellow), special orders in other colors, all with ribbed cover

Couplings:
As required by purchaser, Kamlock , Combination , Short shank , Victaulic ETC..

Lengths:
Standard 50’ (15m), 100’ (30m), 200’ (60m). special lengths up to 660’ (200m)

TIPSA reserves the right to modify any specification without prior notice to meet or exceed changing standards.

Customers are advised that special diameters or construction characteristics can be produced on special
request and you are requested to contact your local dealer or TIPSA at our email address.

tipsaex@tipsa.com

oroflex_10 23/03/2006 - 10/06/2011 20f2



Plan View

EQUIPMENT SCHEDULE

ITEM

DESCRIPTION

Berkeley 2 Hp SSHM — 4 stage Pump end and 2 Hp Motor 230/1/60

Pumptronics Automated control panel

==

Flexcon PJR—-15 4.4 Gallon Pressure Tank

0—-100 PSI Pressure Gauge

40-60 PS| Pressure Switch

1—1/2" Brass Ball valve for Isolation

1" Brass Ball Valve for Blow out

1/4" Brass Ball Valve for Pressure Tank Drain

O |0 ([N ||| BN

Powder Coat Painted Steel Enclosure — 27°H x 36™W x 25D

Various 1" and 1-1/2" Galvanized and Painted Steel Fittings

Elevation View 01

Not Shown - Hose connection between Pressure Tank and Discharge pipe

Pressure Tank Assembly

Hose Connection

To Discharge Pipe
@ At Pressure Gauge

& %,
. _|— —_ = D
] " | -
N /v
W
— " . En |
— \ — | _,.Jr
m m 1 7 :
- =
| ®
_|_._|_I_|_._|=U [ I T [ TIT 1

Elevation View 02

m@ Pump Model #:

PUMPTRONICS| yg-1csc-30/75-2-3450-230/1/60

PUMPING SYSTEMS

230/1/60

June 3 2013

PUMPTRONICS
2 Hp Mini-Universal

30 USGPM @ 75 PSl

Revision 1




POWER&MINE
LI ) ..

PUMPS ® VALVES & ACTUATORS
IMECHANICAL SEALS ® PROCESS EQUIPMENT

POWER & MINE SUPPLY CO. LTD

May 16, 2013

BRRMF L&YW Irrigation Pump
Submittal

Owner: Brady Landfill
Project: BRRMF L&YW Biosolids Composting
Engineer: CH2M Hill
Contractor: Ful-Flo Industries Ltd.
Contractor’s PO Number: 2061
Equipment Tags: P-101
Serial Numbers: TBD
Specifications Section: 11270

Winnipeg: 4 — 75 Meridian Drive, Winnipeg MB R2R 2V9 ¢ Phone (204) 694-9300 * Fax (204) 694-7876
Saskatoon: 901 First Avenue, Saskatoon SK S7K 1Y4 *Phone (306) 244-7274  Fax (306) 244-9911
Regina: 306 — 845 Broad Street, Regina SK S4R 8G9 * Phone (306) 791-0417 * Fax (306) 791-0418

Thunder Bay: 675 Harold Crescent, Thunder Bay ON P7C 5H6 * Phone (807) 622-4044 *Fax (807) 622-3235



POWER&MINE
e 0 ..

PUMPS ® VALVES & ACTUATORS
MECHANICAL SEALS ® PROCESS EQUIPMENT

POWER & MINE SUPPLY CO. LTD

Tdel]

P m[1 ] Motor Datasheets [T O Sectio ] [

PimO oM Sectiol 1]

Motor M Sectiol ][]

Winnipeg: 4 — 75 Meridian Drive, Winnipeg MB R2R 2V9 * Phone (204) 694-9300 * Fax (204) 694-7876
Saskatoon: 901 First Avenue, Saskatoon SK S7K 1Y4 *Phone (306) 244-7274 » Fax (306) 244-9911
Regina: 306 — 845 Broad Street, Regina SK S4R 8G9 ¢ Phone (306) 791-0417 * Fax (306) 791-0418

Thunder Bay: 675 Harold Crescent, Thunder Bay ON P7C 5H6 * Phone (807) 622-4044 *Fax (807) 622-3235



POWER&MINE
LI ) ..

PUMPS ® VALVES & ACTUATORS
IMECHANICAL SEALS ® PROCESS EQUIPMENT

POWER & MINE SUPPLY CO. LTD

Section 1
Pump & Motor Datasheets

Winnipeg: 4 — 75 Meridian Drive, Winnipeg MB R2R 2V9 ¢ Phone (204) 694-9300 * Fax (204) 694-7876
Saskatoon: 901 First Avenue, Saskatoon SK S7K 1Y4 *Phone (306) 244-7274  Fax (306) 244-9911
Regina: 306 — 845 Broad Street, Regina SK S4R 8G9 * Phone (306) 791-0417 * Fax (306) 791-0418

Thunder Bay: 675 Harold Crescent, Thunder Bay ON P7C 5H6 * Phone (807) 622-4044 *Fax (807) 622-3235



: 2K4x3US-82RV M3US

Capacity - USgpm

Customer . Ful-Flo Industries ~ Pump size & type
Item number : P-101 FI_OWSE RVE Based on curve no. 1 MIII8075
Service : Irrigation Pump h L Number of stages i1
Flowserve reference  : 127808 Version 1 Test tolerance . Hydraulic Institute Level A
Date : May 16, 2013 Capacity : 500.0 USgpm Specific gravity ~ : 1.000
Head : 254.00 ft Pump speed : 3550 rpm
CURVES ARE APPROXIMATE, PUMP IS GUARANTEED FOR ONE SET OF CONDITIONS; CAPACITY, HEAD, AND EFFICIENCY.
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Copyright © 2009 Flowserve. All rights reserved.
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FLOWSERVE
Hydraulic Datasheet

Customer . Ful-Flo Industries Pump / Stages : 2K4x3US-82RV M3US /1
Customer reference : Based on curve no. : MIIIBO75
Item number : P-101 Flowserve reference : 127808 Version 1
Service . Irrigation Pump Date : May 16, 2013
Operating Conditions Materials / Specification
Capacity : 500.0 USgpm Material column code . SID
Water capacity (CQ=1.00) D Pump specification : ANSIB73.1
Normal capacity - Other Requirements
Total Developed Head +254.001t Hydraulic selection : No specification
Water head (CH=1.00) D L e
s bl s 3341t Construction : No specification
NPSH a;/al a eS(NP Ha? P 334 Test tolerance : Hydraulic Institute Level A
NP ‘Ha ess NP H margin ;)O ) Driver Sizing : Max Power(MCSF to EOC)with SF
Maximum suction pressure - o psg Seal configuration : Single Seal
Liquid
Liquid type . Fresh water
Temperature / Spec. Gravity 1 60F / 1.000
Solid Size - Actual / Limit D /-
Viscosity / Vapor pressure : 1.0cSt / 0.26 psia
Performance
Hydraulic power :32.1hp Impeller diameter
Pump speed : 3550 rpm Rated 0 8.19in
Efficiency (CE=1.00) 547 % Maximum : 8.191in
Minimum : 5.00in
NPSH required (NPSHTr) : 951t Suction specific speed : 8910 US units
Rated power : 58.6 hp Minimum continuous flow : 150.0 USgpm
Maximum power 1 76.6 hp Maximum head @ rated dia 1 272.33 ft
Driver power : 100.0 hp / 74.6 kW Flow at BEP : 785.4 USgpm
Casing working pressure 1 117.9 psig Flow as % of BEP 1 63.7%
(based on shut off and Rated specific gravity @ Cut dia) Efficiency at normal flow D
Maximum allowable : 285.0 psig Impeller dia ratio (rated/max) : 100.0 %
Hydrostatic test pressure 1 428.0 psig Head rise to shut off 1 72%
Est. rated seal chamb. press. - Total head ratio (rated/max) : 100.0 %
CURVES ARE APPROXIMATE, PUMP IS GUARANTEED FOR ONE SET OF CONDITIONS; CAPACITY, HEAD, AND EFFICIENCY.
300 —Loicec ] r r 60
| 8I.19 |n" Maxllmum /’_._;7 | Efficiencyl
[T 1
250 |8.19in Ratedl [ ——] 50
/ —
\
o 200 4 — 40
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I / 9
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T 150 v 30 @
o] / i)
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T / i
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| D] “7
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FLOWSERVE
N

Construction Datasheet

Customer . Ful-Flo Industries Pump / Stages : 2K4x3US-82RVM3US /1
Customer reference : Based on curve no. : MIII8O75
Item number : P-101 Flowserve reference . 127808 Version 1
Service . Irrigation Pump Date : May 16, 2013
Construction Driver Information
Nozzles Size Rating Face Pos'n Manufacturer : By Others
Suction 4.00 150# FF End Power : 100.0 hp / 74.6 kW
Discharge 3.00 150# FF Top
Casing mounting . Foot See motor datasheets for details
Casing split . Radial
Impeller type . Reverse Vane
Bearing type (radial) . Single row
Bearing number (radial) : 6310-C3
Bearing type (thrust) . Double row
Bearing number (thrust) : 5310-AHC3
Bearing lubrication . Flood
Rotation (view from cplg) . CW per Hyd. Institute
Materials
Casing . DS/WCB
Impeller : DUCTILE IRON (DCI)
Seal chamber : FML Box / (DCI)
Shaft . BB 1144 Steel
Sleeve : NO SLEEVE Sound Pressure (dBA @ 1.0 m)
Baseplate, Coupling and Guard Driver, expected .-
Baseplate type : Fabricated Steel Pump & driver, estimated : N/A
Baseplate material Seal Information
Baseplate size : Arrangement : Sgl Int O-Ring
CoupI!ng manufacturer : Woods SC8/10H Size - 1.875 Inch
COUpI!ng size ' Manufacturer / Type . Flowserve | 1SC Pusher
Coupling / Shaft guard + Steel Material code (Man'f/API) : CSCPX--—ECXV- / SBTFN
Shatt / seal guard : None Provided Internal neck bushing : Not Available
Weights (Approx.) Gland
Bareshaft pump(nett) : 400.0 Ib Gland material - 316SS
Ba.seplate(nett) . Flush : .375" NPT
Driver(nett) _ T Vent . 375" NPT
Shipping gross weight/vol. : 460.0 Ib /0.00 cu.ft Drain . 375" NPT
Testing Auxiliary seal device |-
Hydrostatic test . Non witnessed Piping
Performance test : Non witnessed
NPSH test . None Seal flush plan . D
Seal flush construction : Hose
Paint and Package Seal flush material : -
Pump paint . Std.Polyurethane Aux seal flush plan D
Base grout surface prep : N/A Aux seal flush construction D
Shipment type : Domestic Aux seal flush material D
Notes

Mark IlIA Power End

No cust. insp. or documents required

Copyright © 2009 Flowserve. All rights reserved.
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MOTOR DATA PUMP DATA MECHANICAL SEAL DATA CUSTOMER INFO REVISIONS
MFR WEG PHASE 3 MODEL 2K4AX3US—82RV MANUFACTURER Flowserve CUSTOMER Ful—Flo Industries RE\/ DESCRHD—HON DATE APPRO\/ED
TYPE TEFC CYCLE 60 SUCT. FLANGE | 4” 150# ANSI FF|TYPE ISC2 PROJECT BRRMF L&YW Biosolids Facilt
HP 100 VOLTS 575 DISCH. FLANGE| 3” 150# ANSI FF|MATERIAL CODE SilCar/Carbon ENGINEER CH2M Hill
RPM 3600 |FRAME| 405TS [COUPLING WOODS 8SC PIPING PLAN n/a PURCHASE ORDER]| 2061
MOUNTING BY: POWER & MINE |[DBSE 3.5” NOTES Viton / 316SS TAG(S) P—101
— 3.00 = 31.97 = Discharge
flange
=~—6.69 —=r—=—5.75-—+
\
) Lf
// : e 6.50
(1 /@
p em— - (® “ _
j . |
= B % 200
“ riﬁ [DURCO . é}
T =i/ = e T }
= \
I
= O
10.25 | ] T | ut 10.25
2 o S J
ON—HTT 11— Y
X T i I T
il il o 0
I I Wex25 BEAM I Il
I 2 I e -
I [ JL ] JL JU [ JU ] — —
{ (TYP. OF 3)
/2.00 25.00
Jrd Angle Projection POWER & MINE SUPPLY CO. LTD.
pam 4 — 75 MERIDIAN DRIVE

& Mine

WINNIPEG, MB R2R2V9

PH (204) 694—9300, FAX: (204) 694—7876

EMAIL: sales@powerandmine.ca
WEB: www.powerandmine.ca

DO NOT SCALE
DRAWING. WRITTEN
DIMENSIONS GOVERN.

Durco 2K4x3US—82RV pump with 405TS

motor and non—grouted baseplate

THIS MATERIAL IS THE PROPERTY OF POWER & MINE SUPPLY CO. LTD. AND/OR THE ORIGINAL EQUIPMENT MANUFACTURER AND IS FURNISHED ONLY FOR THE PURPOSE INDICATED. ANY AND ALL CONFIDENTIAL,

PROPRIETARY, PATENT, AND OTHER RIGHTS, IN THE SUBJECT MATTER BEING RETAINED INCLUDING ANY EXCLUSIVE RIGHTS OF USE AND/OR MANUFACTURE AND/OR FOR SALE. POSSESSION OF THIS MATERIAL DOES

NOT CONVEY ANY PERMISSION TO REPRODUCE THIS MATERIAL, IN WHOLE OR IN PART, OR MANUFACTURE THE SUBJECT MATTER SHOWN THEREIN OR USE THE CONFIDENTIAL OR PROPRIETARY INFORMATION SHOWN
THEREON. SUCH PERMISSION TO BE GRANTED ONLY BY SPECIFIC AUTHORIZATION IN WRITING SIGNED BY ON OFFICER OR OTHER AUTHORIZED AGENT OF POWER AND MINE SUPPLY CO. LTD.

DRAWN BY: AT

POWER & MINE REF: TBA

APPROVED: MG

DWG FILE: 2K4Xx3US—82—403TS.dwg

ScALE: NTS

UNITs: INCHES

REV: (O

DATE: May 15, 2013
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No.:

Date: 14-MAY-2013

DATA SHEET
Three-phase induction motor - Squirrel cage rotor
Customer :
Product line  TEFC - W22 NEMA Premium Efficiency
Frame 1 404/5TS
Output : 100 HP
Frequency : 60 Hz
Poles 12
Full load speed 1 3555
Slip 1 1.25%
Voltage : 575V
Rated current : 88.0A
Locked rotor current 872 A
Locked rotor current (l1/In) 1 6.5
No-load current 1 20.8A
Full load torque 1 146 Ib.ft
Locked rotor torque 1 200 %
Breakdown torque 1240 %
Design : B
Insulation class . F
Temperature rise : 80K
Locked rotor time : 14 s (hot)
Service factor : 1.25
Duty cycle S
Ambient temperature 1 -20°C - +40°C
Altitude : 1000
Degree of Protection . IP55
Approximate weight : 1045 1b
Moment of inertia 1 13.196 sq.ft.lb
Noise level 1 79 dB(A)
D.E. N.D.E. Load Power factor Efficiency (%)
Bearings 6314 C3 6314 C3 100% 0.91 94.1
Regreasing interval 4000 h 4000 h 75% 0.90 94.1
Grease amount 279 279 50% 0.85 93.0
Notes:

-120V Space heaters included

Performed by
Blair Darragh

Checked
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No.:

Date: 14-MAY-2013

PERFORMANCE CURVES RELATED TO RATED OUTPUT

Three-phase induction motor - Squirrel cage rotor

100 1.0 0.0
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Percent of rated output (%)
Customer :
Product line : TEFC - W22 NEMA Premium Efficiency
Frame : 404/5TS Locked rotor current (11/In) 1 6.5
Output : 100 HP Duty cycle 1 S$1
Frequency : 60 Hz Service factor : 1.25
Full load speed : 3555 Design : B
Voltage : 575V Locked rotor torque 1 200 %
Rated current : 880A Breakdown torque 1 240 %
Insulation class . F

Notes:
HT100502NPBW22

Performed by
Blair Darragh

Checked
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No.:

Date: 14-MAY-2013

CHARACTERISTIC CURVES RELATED TO SPEED
Three-phase induction motor - Squirrel cage rotor
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Customer :
Product line : TEFC - W22 NEMA Premium Efficiency
Frame : 404/5TS Locked rotor current (11/In) 1 6.5
Output : 100 HP Duty cycle 1 S$1
Frequency : 60 Hz Service factor : 1.25
Full load speed : 3555 Design : B
Voltage : 575V Locked rotor torque 1 200 %
Rated current : 880A Breakdown torque 1 240 %
Insulation class . F
Notes:
HT100502NPBW22
Performed by Checked

Blair Darragh
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Notes: HT100502NPBW22
Performed by: Blair Darragh
2E J A P AB .
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USER INSTRUCTIONS
Installation
Durco Mark 3 sealed metallic pumps )
Operation
Mark 3 Standard, In-Line, Lo-Flo, Recessed Impeller, Maintenance

Unitized Self-Priming and Sealmatic pumps

PCN=71569102 08-06 (E) (incorporating P-10-502-E)

A These instructions must be read prior to installing,
operating, using and maintaining this equipment.

Experience In Motion
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1 INTRODUCTION AND SAFETY

1.1 General

These instructions must always be kept
close to the product’s operating location or
directly with the product.

Flowserve products are designed, developed and
manufactured with state-of-the-art technologies in
modern facilities. The unit is produced with great
care and commitment to continuous quality control,
utilizing sophisticated quality techniques, and safety
requirements.

Flowserve is committed to continuous quality
improvement and being at your service for any further
information about the product in its installation and
operation or about its support products, repair and
diagnostic services.

These instructions are intended to facilitate
familiarization with the product and its permitted use.
Operating the product in compliance with these
instructions is important to help ensure reliability in
service and avoid risks. The instructions may not
take into account local regulations; ensure such
regulations are observed by all, including those
installing the product. Always coordinate repair
activity with operations personnel, and follow all plant
safety requirements and applicable safety and health
laws/regulations.

These instructions must be read prior to
installing, operating, using and maintaining the
equipment in any region worldwide. The
equipment must not be put into service until all
the conditions relating to safety noted in the
instructions, have been met.

1.2 CE marking and approvals

It is a legal requirement that machinery and equipment
put into service within certain regions of the world shall
conform with the applicable CE Marking Directives
covering Machinery and, where applicable, Low Voltage
Equipment, Electromagnetic Compatibility (EMC),
Pressure Equipment Directive (PED) and Equipment for
Potentially Explosive Atmospheres (ATEX).

Where applicable, the Directives and any additional
Approvals, cover important safety aspects relating to
machinery and equipment and the satisfactory provision
of technical documents and safety instructions. Where
applicable this document incorporates information
relevant to these Directives and Approvals.
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To confirm the Approvals applying and if the product is
CE marked, check the serial number plate markings
and the Certification. (See section 9, Certification.)

1.3 Disclaimer

Information in these User Instructions is believed
to be reliable. In spite of all the efforts of
Flowserve Pump Division to provide sound and all
necessary information the content of this manual
may appear insufficient and is not guaranteed by
Flowserve as to its completeness or accuracy.

Flowserve manufactures products to exacting
International Quality Management System Standards
as certified and audited by external Quality
Assurance organizations. Genuine parts and
accessories have been designed, tested and
incorporated into the products to help ensure their
continued product quality and performance in use.

As Flowserve cannot test parts and accessories
sourced from other vendors the incorrect
incorporation of such parts and accessories may
adversely affect the performance and safety features
of the products. The failure to properly select, install
or use authorized Flowserve parts and accessories is
considered to be misuse. Damage or failure caused
by misuse is not covered by the Flowserve warranty.
In addition, any modification of Flowserve products or
removal of original components may impair the safety
of these products in their use.

1.4 Copyright

All rights reserved. No part of these instructions may
be reproduced, stored in a retrieval system or
transmitted in any form or by any means without prior
permission of Flowserve Pump Division.

1.5 Duty conditions

This product has been selected to meet the
specifications of your purchaser order. The
acknowledgement of these conditions has been sent
separately to the Purchaser. A copy should be kept
with these instructions.

The product must not be operated beyond
the parameters specified for the application. If
there is any doubt as to the suitability of the
product for the application intended, contact
Flowserve for advice, quoting the serial number.

If the conditions of service on your purchase order are
going to be changed (for example liquid pumped,
temperature or duty) it is requested that the user seeks
the written agreement of Flowserve before start up.

flowserve.com
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1.6 Safety

1.6.1 Summary of safety markings

These User Instructions contain specific safety
markings where non-observance of an instruction would
cause hazards. The specific safety markings are:

DANGER' 1, symbol indicates electrical safety

instructions where non-compliance will involve a high
risk to personal safety or the loss of life.

This symbol indicates safety instructions where
non-compliance would affect personal safety and
could result in loss of life.

This symbol indicates “hazardous and toxic fluid”
safety instructions where non-compliance would affect
ersonal safety and could result in loss of life.

A SAIon This symbol indicates safety
instructions where non-compliance will involve some
risk to safe operation and personal safety and would
damage the equipment or property.

This symbol indicates explosive atmosphere
zone marking according to ATEX. It is used in safety
instructions where non-compliance in the hazardous
area would cause the risk of an explosion.

Note:

This sign is not a safety symbol but indicates
an important instruction in the assembly process.

1.6.2 Personnel qualification and training

All personnel involved in the operation, installation,
inspection and maintenance of the unit must be
qualified to carry out the work involved. If the
personnel in question do not already possess the
necessary knowledge and skill, appropriate training
and instruction must be provided. If required the
operator may commission the manufacturer/supplier
to provide applicable training.

Always coordinate repair activity with operations and
health and safety personnel, and follow all plant
safety requirements and applicable safety and health
laws and regulations.

1.6.3 Safety action

This is a summary of conditions and actions to
help prevent injury to personnel and damage to
the environment and to equipment. For products
used in potentially explosive atmospheres
section 1.6.4 also applies.

Page 4 of 68

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

ADA”GE“ NEVER DO MAINTENANCE WORK
WHEN THE UNIT IS CONNECTED TO POWER
(Lock out.)

DRAIN THE PUMP AND ISOLATE PIPEWORK
BEFORE DISMANTLING THE PUMP
The appropriate safety precautions should be taken
where the pumped liquids are hazardous.

FLUOROELASTOMERS (When fitted.)
When a pump has experienced temperatures over
250 °C (482 °F), partial decomposition of
fluoroelastomers (example: Viton) will occur. In this
condition these are extremely dangerous and skin
contact must be avoided.

HANDLING COMPONENTS
Many precision parts have sharp corners and the
wearing of appropriate safety gloves and equipment
is required when handling these components. To lift
heavy pieces above 25 kg (55 Ib) use a crane
appropriate for the mass and in accordance with
current local regulations.

NEVER OPERATE THE PUMP WITHOUT THE
COUPLING GUARD AND ALL OTHER SAFETY
DEVICES CORRECTLY INSTALLED

GUARDS MUST NOT BE REMOVED WHILE
THE PUMP IS OPERATIONAL

A THERMAL SHOCK

Rapid changes in the temperature of the liquid within
the pump can cause thermal shock, which can result
in damage or breakage of components and should be
avoided.

NEVER APPLY HEAT TO REMOVE IMPELLER
Trapped lubricant or vapor could cause an explosion.

HOT (and cold) PARTS
If hot or freezing components or auxiliary heating
equipment can present a danger to operators and
persons entering the immediate area, action must be
taken to avoid accidental contact (such as shielding). If
complete protection is not possible, the machine access
must be limited to maintenance staff only with clear
visual warnings and indicators to those entering the
immediate area. Note: bearing housings must not be
insulated and drive motors and bearings may be hot.

If the temperature is greater than 68 °C (175 °F) or

below 5 °C (20 °F) in a restricted zone, or exceeds
local regulations, action as above shall be taken.

flowserve.com
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HAZARDOUS LIQUIDS

When the pump is handling hazardous liquids care
must be taken to avoid exposure to the liquid by
appropriate pump placement, limiting personnel
access and by operator training. If the liquid is
flammable and/or explosive, strict safety procedures
must be applied.

Gland packing must not be used when pumping
hazardous liquids.

/A\ cAuTION

PIPE LOAD

Do not use pump as a support for piping. Do not
mount expansion joints, unless allowed by Flowserve
in writing, so that their force, due to internal pressure,
acts on the pump flange.

A\ CATION | £\ JRE CORREGT LUBRICATION
(See section 5, Commissioning, startup, operation
and shutdown.)

A\ CATION |\ e /ER EXCEED THE MAXIMUM
DESIGN PRESSURE (MDP) AT THE
TEMPERATURE SHOWN ON THE PUMP
NAMEPLATE

See section 3 for pressure versus temperature
ratings based on the material of construction.

A\ CATION | e \/ER OPERATE THE PUMP WITH
THE DISCHARGE VALVE CLOSED

(Unless otherwise instructed at a specific point in the
User Instructions.)

(See section 5, Commissioning start-up, operation
and shutdown.)

A\ CAVTION |\ =\ /ER RUN THE PUMP DRY OR
WITHOUT PROPER PRIME (Casing flooded)

[\ CATTON |\ /R OPERATE THE PUMP WITH
THE SUCTION VALVE CLOSED
It should be fully opened when the pump is running.

A\ CAVION |\ o\ ER OPERATE THE PUMP AT
ZERO FLOW OR FOR EXTENDED PERIODS
BELOW THE MINIMUM CONTINUOUS FLOW

A\ CATION | e M SHAFT MUST TURN
CLOCKWISE WHEN VIEWED FROM THE MOTOR
END

It is absolutely essential that the rotation of the motor
be checked before installation of the coupling spacer
and starting the pump. Incorrect rotation of the pump
for even a short period can unscrew the impeller,
which can cause significant damage.

PREVENT EXCESSIVE EXTERNAL
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1.6.4 Products used in potentially explosive
atmospheres

Measures are required to:
Avoid excess temperature
Prevent build up of explosive mixtures
Prevent the generation of sparks
Prevent leakages
Maintain the pump to avoid hazard

The following instructions for pumps and pump units
when installed in potentially explosive atmospheres
must be followed to help ensure explosion protection.
Both electrical and non-electrical equipment must meet
the requirements of European Directive 94/9/EC.

1.6.4.1 Scope of compliance

Use equipment only in the zone for which it is
appropriate. Always check that the driver, drive
coupling assembly, seal and pump equipment are
suitably rated and/or certified for the classification of
the specific atmosphere in which they are to be
installed.

Where Flowserve has supplied only the bare shaft
pump, the Ex rating applies only to the pump. The
party responsible for assembling the pump set shall
select the coupling, driver, seal and any additional
equipment, with the necessary CE Certificate/
Declaration of Conformity establishing it is suitable for
the area in which it is to be installed.

The output from a variable frequency drive (VFD) can
cause additional heating affects in the motor. On
pump installations controlled by a VFD, the ATEX
Certification for the motor must state that it covers the
situation where electrical supply is from the VFD.
This particular requirement still applies even if the
VFD is in a safe area.

flowserve.com
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1.6.4.2 Marking

An example of ATEX equipment marking is shown
below. The actual classification of the pump will be
engraved on the nameplate.

Il 2 GD c IIC 135 °C (T4)

Equipment Group
| = Mining
Il = Non-mining

Category
2 or M2 = high level protection

3 = normal level of protection

Gas and/or dust
G =Gas
D = Dust

¢ = Constructional safety
(in accordance with EN13463-5)

Gas Group (Equipment Category 2 only)—
[IA— Propane (typical)

[IB — Ethylene (typical)

IIC — Hydrogen (typical)

Maximum surface temperature (Temperature Class)
(see section 1.6.4.3.)

1.6.4.3 Avoiding excessive surface temperatures

ENSURE THE EQUIPMENT TEMPERATURE
CLASS IS SUITABLE FOR THE HAZARD ZONE

Pump liquid temperature

Pumps have a temperature class as stated in the ATEX
Ex rating on the nameplate. These are based on a
maximum ambient temperature of 40 °C (104 °F); refer
to Flowserve for higher ambient temperatures.

The surface temperature on the pump is influenced by
the temperature of the liquid handled. The maximum
permissible liquid temperature depends on the
temperature class and must not exceed the values in the
table applicable below. The temperature rise at the seals
and bearings and due to the minimum permitted flow rate
is taken into account in the temperatures stated.

Maximum permitted liquid temperature for pumps

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

Maximum permitted liquid temperature for pumps
with self priming casing

Maximum Temperature limit of liquid
Temperature surface handled (* depending on
class to temperature material and construction
EN 13463-1 permitted variant — check which is lower)
T6 85 °C (185 °F) Consult Flowserve
T5 100 °C (212 °F) Consult Flowserve
T4 135 °C (275 °F) 115 °C (239 °F) *
T3 200 °C (392 °F) 180 °C (356 °F) *
T2 300 °C (572 °F) 275 °C (527 °F) *
T 450 °C (842 °F) 400 °C (752 °F) *
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Maximum Temperature limit of liquid
Teg:sssrzigjre surface handlgd (* depending on
EN 13463-1 temperature matenal and construction
permitted variant - check which is lower)
T6 85 °C (185 °F) Consult Flowserve
T5 100 °C (212 °F) Consult Flowserve
T4 135 °C (275 °F) 110 °C (230 °F) *
T3 200 °C (392 °F) 175 °C (347 °F) *
T2 300 °C (572 °F) 270 °C (518 °F) *
T 450 °C (842 °F) 350 °C (662 °F) *

The responsibility for compliance with the specified
maximum liquid temperature is with the plant
operator.

Temperature classification “Tx” is used when the
liquid temperature varies and the pump could be
installed in different hazardous atmospheres. In this
case the user is responsible for ensuring that the
pump surface temperature does not exceed that
permitted in the particular hazardous atmosphere.

Do not attempt to check the direction of rotation with the
coupling element/pins fitted due to the risk of severe
contact between rotating and stationary components.

Where there is any risk of the pump being run against a
closed valve generating high liquid and casing external
surface temperature, it is recommended that users fit an
external surface temperature protection device.

Avoid mechanical, hydraulic or electrical overload by
using motor overload trips, temperature monitor or a
power monitor and perform routine vibration monitoring.

In dirty or dusty environments, regular checks must
be made and dirt removed from areas around close
clearances, bearing housings and motors.

Additional requirements for self-priming casing
pumps

Where the system operation does not ensure control of
priming, as defined in the User Instructions, and the
maximum permitted surface temperature of the T Class
could be exceeded, it is recommended that user install
an external surface temperature protection device.

1.6.4.4 Preventing the build up of explosive mixtures

ENSURE PUMP IS PROPERLY FILLED AND
VENTED AND DOES NOT RUN DRY

Ensure that the pump and relevant suction and
discharge piping is totally filled with liquid at all times
during the pumps operation so that an explosive
atmosphere is prevented.

flowserve.com
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In addition, it is essential to make sure that seal
chambers, auxiliary shaft seal systems and any
heating and cooling systems are properly filled.

If the operation of the system can not avoid this
condition it is recommended that you fit an
appropriate dry run protection device (for example
liquid detection or a power monitor).

To avoid potential hazards from fugitive emissions of
vapor or gas to atmosphere, the surrounding area
must be well ventilated.

1.6.4.5 Preventing sparks

To prevent a potential hazard from mechanical
contact, the coupling guard must be non-sparking.

To avoid the potential hazard from random induced
current generating a spark, the earth contact on the
baseplate must be used.

A
Aad Avoid electrostatic charge: do not rub non-metallic
surfaces with a dry cloth; ensure cloth is damp.

The coupling must be selected to comply with 94/9/EC
and correct alignment must be maintained.

Additional requirements for pumps on non-
metallic baseplates

When metallic components are fitted on a non-
metallic baseplate they must be individually earthed.

1.6.4.6 Preventing leakage

Pumps with mechanical seal. The pump must
only be used to handle liquids for which it has been
approved to have the correct corrosion resistance.

Avoid entrapment of liquid in the pump and associated
piping due to closing of suction and discharge valves,
which could cause dangerous excessive pressures to
occur if there is heat input to the liquid. This can occur if
the pump is stationary or running.

Bursting of liquid containing parts due to freezing
must be avoided by draining or protecting the pump
and auxiliary systems.

Where there is the potential hazard of a loss of a seal
barrier fluid or external flush, the fluid must be monitored.

If leakage of liquid to atmosphere can result in a

hazard, the installation of a liquid detection device is
recommended.
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1.6.4.7 Maintenance of the centrifugal pump to
avoid a hazard

CORRECT MAINTENANCE IS REQUIRED TO
AVOID POTENTIAL HAZARDS WHICH GIVE A
RISK OF EXPLOSION

The responsibility for compliance with maintenance
instructions is with the plant operator.

To avoid potential explosion hazards during maintenance,
the tools, cleaning and painting materials used must not
give rise to sparking or adversely affect the ambient
conditions. Where there is a risk from such tools or
materials, maintenance must be conducted in a safe area.

It is recommended that a maintenance plan and schedule
is adopted. (See section 6, Maintenance.)

1.7 Name plate and safety labels
1.7.1 Nameplate

For details of nameplate, see the Declaration of
Conformity and section 3.

1.7.2 Safety labels

FLOWSERVE
WARNING J218J2250
ESSENTIAL PROCEDURES BEFORE STARTING:
ENSURE ALL EXTERNAL CONNECTIONS TO
INSTALL AND OPERATE EQUIPMENT IN THE PUMP / SHAFT SEALING AND DRIVER
ACCORDANCE WITH THE INSTRUCTION ARE CONNECTED AND OPERATIONAL.
MANUAL SUPPLIED SEPARATELY. k]
FULLY PRIME UNIT AND SYSTEM.
ENSURE GUARDS ARE SECURELY IN DO NOT RUN UNIT DRY.
m PLACE.
FAILURE TO FOLLOW THESE PROCEDURES
ENSURE CORRECT DIRECTION OF MAY RESULT IN PERSONAL INJURY
ROTATION. AND / OR EQUIPMENT DAMAGE

J218JZ265

KONTROLLE YORGESCHRIEBENER
DREHRICHTUNG ! HIERZU

ENSURE CORRECT DRIVER DIRECTION
OF ROTATION WITH COUPLING

ELEMENT / PINS REMOVED: OTHERWISE
SERIOUS DAMAGE MAY RESULT.

VERIFIER LE SENS CORRECT DE
@ ROTATION DU MOTEUR. POMPE
DESACCOUPLEE / ENTRETOISE

KUPPLUNGSZWISCHENSTUCK /
KUPPLUNGSBOLZEN ENTFERNEN.
ANDERENFALLS ERNSTHAFTE SCHADEN !

ZORG VOOR JUISTE ROTATIERICHTING
VAN DRIJFAS WAARBIJ DE

DEMONTEE. NE PAS SUIVRE CETTE
RECOMMANDATION PEUT CONDUIRE A
DE GRAVES DOMMAGES POUR LA POMPE

KOPPELELEMENTEN / PENNEN
VERWIJDERD ZIJN: VERZUM KAN
ERNSTIGE SCHADE TOT GEVOLG HEBBEN.

Qil lubricated units only:

J218J2262

WARNING
0 ATTENTION

ACHTUNG DIESE MASCHINE IST VOR DEM STARTEN MIT 8L ZU FULLEN
(M WAARSCHUWING DEZE MACHINE MOET VOOR HET STARTEN MET OLIE GEVULD WORDEN

THIS MACHINE MUST BE FILLED WITH OIL BEFORE STARTING
CETTE MACHINE DOIT ETRE REMPLIE D'HUILE AVANT LA MISE EN
MARCHE

DurcoShield™ (Splash/Shaft Guard) only:

THIS DEVICE 1S NOT A CONTAINMENT
SYSTEM NOR A SEAL BACK UP SYSTEM
IT IS A LIMITED PROTECTION DEVICE.
IT WILL REDUCE BUT NOT ELIMINATE
THE PROBABILITY OF INJURY.

flowserve.com
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1.8 Noise level

Attention must be given to the exposure of personnel
to the noise, and local legislation will define when
guidance to personnel on noise limitation is required,
and when noise exposure reduction is mandatory.
This is typically 80 to 85 dBA.

The usual approach is to control the exposure time to
the noise or to enclose the machine to reduce emitted
sound. You may have already specified a limiting
noise level when the equipment was ordered,
however if no noise requirements were defined, then
attention is drawn to the following table to give an
indication of equipment noise level so that you can
take the appropriate action in your plant.

Pump noise level is dependent on a number of
operational factors, flow rate, pipework design and
acoustic characteristics of the building, and so the
values given are subject to a 3 dBA tolerance and
cannot be guaranteed.

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

Similarly the motor noise assumed in the “pump and
motor” noise is that typically expected from standard
and high efficiency motors when on load directly driving
the pump. Note that a motor driven by an inverter may
show an increased noise at some speeds.

If a pump unit only has been purchased for fitting with
your own driver then the “pump only” noise levels in the
table should be combined with the level for the driver
obtained from the supplier. Consult Flowserve or a
noise specialist if assistance is required in combining
the values.

It is recommended that where exposure approaches
the prescribed limit, then site noise measurements
should be made.

The values are in sound pressure level L,x at 1 m
(3.3 ft) from the machine, for “free field conditions
over a reflecting plane”.

For estimating sound power level Lya (re 1pW) then
add 14 dBA to the sound pressure value.

i Typical sound pressure level L, at 1 m reference 20 yPa, dBA
Motor size
and speed 3550 r/min 2900 r/min 1750 r/min 1450 r/min
kW (hp) Pump Pump and Pump Pump and Pump Pump and Pump Pump and
only motor only motor only motor only motor
<0.55(<0.75) 72 72 64 65 62 64 62 64
0.75 (1) 72 72 64 66 62 64 62 64
1.1 (1.5) 74 74 66 67 64 64 62 63
1.5(2) 74 74 66 71 64 64 62 63
2.2(3) 75 76 68 72 65 66 63 64
3(4) 75 76 70 73 65 66 63 64
4 (5) 75 76 71 73 65 66 63 64
5.5 (7.5) 76 77 72 75 66 67 64 65
7.5 (10) 76 77 72 75 66 67 64 65
11(15) 80 81 76 78 70 71 68 69
15 (20) 80 81 76 78 70 71 68 69
18.5 (25) 81 81 77 78 71 71 69 71
22 (30) 81 81 77 79 71 71 69 71
30 (40) 83 83 79 81 73 73 71 73
37 (50) 83 83 79 81 73 73 71 73
45 (60) 86 86 82 84 76 76 74 76
55 (75) 86 86 82 84 76 76 74 76
75 (100) 87 87 83 85 77 77 75 77
90 (120) 87 88 83 85 77 78 75 78
110 (150) 89 90 85 87 79 80 77 80
150 (200) 89 90 85 87 79 80 77 80
200 (270) @ o @ @ 85 87 83 85
300 (400) - 87 90 85 86

® The noise level of machines in this range will most likely be of values which require noise exposure control, but typical values are inappropriate.
Note: for 1 180 and 960 r/min reduce 1 450 r/min values by 2 dBA. For 880 and 720 r/min reduce 1 450 r/min values by 3 dBA.
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2 TRANSPORT AND STORAGE

2.1 Consignment receipt and unpacking
Immediately after receipt of the equipment it must be
checked against the delivery/shipping documents for
its completeness and that there has been no damage
in transportation. Any shortage and/or damage must
be reported immediately to Flowserve Pump Division
and must be received in writing within ten days of
receipt of the equipment. Later claims cannot be
accepted.

Check any crate, boxes or wrappings for any
accessories or spare parts that may be packed
separately with the equipment or attached to side
walls of the box or equipment.

Each product has a unique serial number. Check
that this number corresponds with that advised and
always quote this number in correspondence as well
as when ordering spare parts or further accessories.

2.2 Handling

Boxes, crates, pallets or cartons may be unloaded
using fork lift vehicles or slings dependent on their
size and construction.

2.3 Lifting

/A\ CAUTION ,

Pumps and motors often have integral
lifting lugs or eye bolts. These are intended for use in
only lifting the individual piece of equipment.

/A\ cAuTION .
Do not use eye bolts or cast-in lifting
lugs to lift pump, motor and baseplate assemblies.

ACAUIION To avoid distortion, the pump unit
should be lifted as shown.

A SAIon Care must be taken to lift components
or assemblies above the center of gravity to prevent
the unit from flipping. This is especially true with
In-Line pumps.

2.3.1 Lifting pump components

2.3.1.1 Casing [1100]
Use a choker hitch pulled tight around the discharge
nozzle.

2.3.1.2 Rear cover [1220]

Insert an eye hook in the drilled and tapped hole at
the top of the cover. Use either a sling or hook
through the eye bolt.
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2.3.1.3 Bearing housing [3200]

Group 1: insert a sling between the upper and lower
support ribs between the housing barrel and the
casing attachment flange. Use a choker hitch when
slinging. (Make sure there are no sharp edges on the
bottom side of the ribs that could cut the sling.)

Group 2 and 3: insert either a sling or hook through
the lifting lug located on the top of the housing.

2.3.1.4 Power end
Same as bearing housing.

2.3.1.5 Bare pump

Horizontal pumps: sling around the pump discharge
nozzle and around the outboard end of the bearing
housing with separate slings. Choker hitches must be
used at both attachment points and pulled tight. Make
sure the completion of the choker hitch on the discharge
nozzle is toward the coupling end of the pump shaft as
shown in figure 2-1. The sling lengths should be adjusted
to balance the load before attaching the lifting hook.

Figure 2-1
In-Line pumps: lift with two slings through the pump
adapter on opposite sides of the shaft. (Figure 2-2.)

Bare pump with motor adapter (In-Line only): lift with
two slings through the motor adapter shaft holes.
This method is also used to lift the bare motor
adapter. (Figure 2-2.)
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Figure 2-2
2.3.2 Lifting pump, motor and baseplate assembly

2.3.2.1 Horizontal assemblies

If the baseplate has lifting holes cut in the sides at the
end (Type A Group 3, Type D and Type E bases) insert
lifting S hooks at the four corners and use slings or
chains to connect to the lifting eye. (Figure 2-1.) Do not
use slings through the lifting holes.

For other baseplates, sling around the pump discharge
nozzle, and around the outboard end of the motor frame
using choker hitches pulled tight. (Figure 2-1.)

The sling should be positioned so the weight is not
carried through the motor fan housing. Make sure the
completion of the choker hitch on the discharge
nozzle is toward the coupling end of the pump shaft
as shown in figure 2-1.

2.3.2.2 In-Line assemblies

If the pump is to be lifted as a complete assembly, the
motor lifting lugs must be used to ensure that the
assembly does not flip over. Check with motor
supplier for lifting lug capacities. If there is any
uncertainty, the motor should be removed prior to
moving the pump. (Figure 2-2.)
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2.4 Storage
/\ cAuTioN Store the pump in a clean, dry location

away from vibration. Leave flange covers in place to
keep dirt and other foreign material out of pump
casing. Turn the pump shaft at regular intervals to
prevent brinelling of the bearings and the seal faces,
if fitted, from sticking.

The pump may be stored as above for up to 6
months. Consult Flowserve for preservative actions
when a longer storage period is needed.

2.4.1 Short term storage and packaging

Normal packaging is designed to protect the pump

and parts during shipment and for dry, indoor storage

for up to six months or less. The following is an
overview of our normal packaging:

e Allloose unmounted items are packaged in a
water proof plastic bag and placed under the
coupling guard

¢ Inner surfaces of the bearing housing, shaft (area
through bearing housing) and bearings are coated
with Cortec VCI-329 rust inhibitor, or equal.

Note:

Bearing housings are not filled with oil
prior to shipment

¢ Regreasable bearings are packed with grease
(EXXON POLYREX EM for horizontal pumps and
EXXON UNIREX N3 for In-Line pumps)

e The internal surfaces of ferrous casings, covers,
flange faces, and the impeller surface are
sprayed with Cortec VCI-389, or equal

e Exposed shafts are taped with Polywrap

e Flange covers are secured to both the suction
and discharge flanges

¢ In some cases with assemblies ordered with
external piping, components may be
disassembled for shipment

e The pump must be stored in a covered, dry location

2.4.2 Long term storage and packaging

Long term storage is defined as more than six

months, but less than 12 months. The procedure

Flowserve follows for long term storage of pumps is

given below. These procedures are in addition to the

short term procedure.

e Each assembly is hermetically (heat) sealed from
the atmosphere by means of tack wrap sheeting
and rubber bushings (mounting holes)

e Desiccant bags are placed inside the tack
wrapped packaging

¢ A solid wood box is used to cover the assembly

This packaging will provide protection for up to twelve
months from humidity, salt laden air, dust etc.
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After unpacking, protection will be the responsibility of
the user. Addition of oil to the bearing housing will
remove the inhibitor. If units are to be idle for extended
periods after addition of lubricants, inhibitor oils and
greases should be used. Every three months, the pump
shaft should be rotated approximately 10 revolutions.

2.5 Recycling and end of product life

At the end of the service life of the product or its parts,
the relevant materials and parts should be recycled or
disposed of using an environmentally acceptable
method and in accordance with local regulations. If the
product contains substances that are harmful to the
environment, these should be removed and disposed of
in accordance with current local regulations. This also
includes the liquids and/or gases that may be used in
the "seal system" or other utilities.

& Make sure that hazardous substances are
disposed of safely and that the correct personal
protective equipment is used. The safety
specifications must be in accordance with the current
local regulations at all times.

3 DESCRIPTION

3.1 Configurations

The Durco Mark 3 chemical process pumps are
metallic , single stage, sealed, centrifugal pumps.
The horizontal family conforms to ASME B73.1M,
which has a centerline discharge and is represented
by our Standard, Sealmatic, Unitized self-priming,
Recessed impeller and Lo-Flo pump models. The
vertical pump or In-Line conforms to ASME B73.2M.

Figure 3-1: Nameplate mounted to housing

Pump Division

e
FLOWSERVE
f —

Serial No.

Equipment No.

Purchase Order
Model 2K6X4 M-13A/12.5 RV

Size

MDP

Material

Date DD/MMM/YY

The Prima®™ is an ANSI 3A power end adapted to other
pump models from Flowserve as well as from other
pump manufacturers. Only the information in this
manual involving the ANSI 3A power end may be used
when Installing, Operating or Maintaining a pump that
has been upgraded to a Prima*®™. All other information
regarding the pump type must be obtained from the
original pump manufacturer’s User Instructions.
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3.2 Nomenclature
The pump size will be engraved on the nameplate
typically as below:

2K6X4M-13 A/12.5RV

e Frame size

“2" indicates a medium size pump frame (in this

example, a Group 2)

1 = Group 1 (small frame)

2 = Group 2 (medium frame)

3 = Group 3 (large frame)

e Power end

K = Mark 3 style power end

Mark 3A — Standard

ANSI 3A — Optional (3 year guarantee)

J = Mark 3 style PE arranged for Mark 2 wet end

(No letter and no preceding number indicates a

Mark 2 power end)

e “6” = nominal suction port size (in.)
e “4” = Nominal discharge port size (in.)
e Modifier for “specialty pumps”

Blank or no letter = standard pump

M = Sealmatic

R = recessed impeller

US = unitized self-priming

V = vertical In-Line

LF = Lo-Flo

e Nominal maximum impeller diameter. “13” = 13 in.
e Pump design variation

A = This pump has been redesigned from an earlier
version. The impeller and casing are no longer
interchangeable with the earlier version.

H = This pump is designed for a higher flow capacity
than another pump with the same basic
designation. (Examples: 4X3-10 and 4X3-10H;
6X4-10 and 6X4-10H; 10X8-16 and 10X8-16H.

HH = This pump is designed for a higher head than
another pump with the same basic designation.
(Example: 4X3-13 and 4X3-13HH.)

e Actual impeller size

“12.5” =12 Y2 in. diameter; 8.13 = 8 J& in;

10.75=10%in

(Previous annotation: 124 = 12 /s or 12 %in.

diameter; 83 =8 3% in.)

e Impeller style
RV = reverse vane impeller; OP = Open impeller
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3.3 Design of major parts

3.3.1 Pump casing

Removal of the casing is not required when performing
maintenance of the rotating element. The pump is
designed with a gasket perpendicular to the shaft
allowing the rotating element to be easily removed
(back pull out).

3.3.2 Impeller
Depending on the product, the impeller is either reverse
vane or open.

3.3.3 Shaft/sleeve
Solid and sleeved shafts are available, supported on
bearings, threaded impeller end and keyed drive end.

3.3.4 Pump bearings and lubrication
Ball bearings are fitted as standard and may be either
oil or grease lubricated.

3.3.5 Bearing housing
Large oil bath reservoir.

3.3.6 Seal chamber (cover plate)

The seal chamber has a spigot (rabbet) fit between
the pump casing and bearing housing (adapter) for
optimum concentricity. The design enables a number
of sealing options to be fitted.

3.3.7 Shaft seal

The mechanical seal(s), attached to the pump shaft,
seals the pumped liquid from the environment. Gland
packing may be fitted as an option.

3.3.8 Driver

The driver is normally an electric motor. Different drive
configurations may be fitted such as internal combustion
engines, turbines, hydraulic motors etc driving via
couplings, belts, gearboxes, drive shafts etc.

3.3.9 Accessories
Accessories may be fitted when specified by the
customer.

3.4 Performance and operation limits
This product has been selected to meet the
specification of your purchase order. See section 1.5.

The following data is included as additional information
to help with your installation. It is typical, and factors
such as liquid being pumped, temperature, material of
construction, and seal type may influence this data. If
required, a definitive statement for your application can
be obtained from Flowserve.
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3.4.1 Alloy cross reference chart
Figure 3-2 is the Alloy cross-reference chart for all
Mark 3 pumps.

3.4.2 Pressure-temperature ratings

The pressure-temperature (P-T) ratings for Mark 3
pumps are shown in figures 3-3 and 3-4. Determine
the appropriate casing “Material Group No.” in Figure
3-2. Interpolation may be used to find the pressure
rating for a specific temperature.

Example:

The pressure temperature rating for an ANSI

standard GP2-10 in. pump with Class 300 flanges

and CF8M construction at an operating temperature

of 149 °C is found as follows:

a) The correct pressure-temperature chart is Figure
3-4C.

b) From Figure 3-2, the correct material group for
CF8Mis 2.2.

c) From Figure 3-4C, the pressure-temperature
rating is 21.5 bar.

The maximum discharge pressure must be less
than or equal to the P-T rating. Discharge pressure
may be approximated by adding the suction pressure
and the differential head developed by the pump.

3.4.3 Suction pressure limits

The suction pressure limits for Mark 3 pumps with
reverse vane impellers is limited by the values given in
figure 3-5 and by the P-T ratings.

Suction pressure for pump sizes 10x8-14, 8x6-16A,
10x8-16 and 10x8-16H (up to a maximum liquid
specific gravity of 2.0) is limited only by the P-T
ratings. Suction pressure for pumps with open
impellers is also limited only by the P-T ratings.

The suction pressure limits for Sealmatic pumps are
determined by the repeller head capability found in
Bulletin P-18-102e.

3.4.4 Minimum continuous flow

The minimum continuous flow (MCF) is based on a
percentage of the best efficiency point (BEP). Figure
3-7 identifies the MCF for all Mark 3 pump models
with the exception of the Lo-Flo pump line; there is no
MCF associated with this product line.

3.4.5 Minimum suction pipe submergence

The minimum submergence is shown in figure 3-8
and 3-9 for Unitized self-priming pumps.
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Figure 3-2: Alloy cross-reference chart

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

Flowserve Designation Durco legacy ACI Equivalent wrought ASTM Material
material code 9 codes designation designation specifications Group No.
E3020 Ductile iron DCI None None A395, Gr. 60-40-18 1.0
E3033 High chrome iron CR28 None None A532 class 3 Cr
E4027 High chrome iron CR29 None None None Cr
E4028 High chrome iron CR35 None None None Cr
C3009 Carbon steel DS None Carbon steel A216 Gr. WCB 1.1
C3062 Durco CF8 D2 CF8 304 A744, Gr. CF8 241
C3069 Durco CF3 D2L CF3 304L A744, Gr. CF3 241
C3063 Durco CF8M D4 CF8M 316 A744, Gr. CF8M 2.2
C3067 Durco CF3M D4L CF3M 316L A744, Gr. CF3M 2.2
C3107 Durcomet 100 CD4M CD4MCuN Ferralium® A995, Gr. CDAMCuN 2.8
C4028 Durimet 20 D20 CN7M Alloy 20 A744, Gr. CN7M 3.17
C4029 Durcomet 5 DV None None None 2.2
K3005 Durco CY40 DINC CY40 Inconel® 600 A494, Gr. CY40 3.5
K3007 Durco M35 DMM M351 Monel® 400 A494, Gr. M35-1 3.4
K3008 Nickel DNI CZ100 Nickel 200 A494, Gr. CZ100 3.2
K4007 Chlorimet 2 DC2 N7M Hastelloy® B A494, Gr. N7M 3.7
K4008 Chlorimet 3 DC3 CW6M Hastelloy® C A494, Gr. CW6M 3.8
E3041 Duriron® D None None A518, Gr. 1 No load
E3042 Durichlor 51® D51 None None A518, Gr. 2 No load
E4035 Superchlor® SD51 None None A518, Gr. 2 No load
D4036 Durco DC8 DC8 None None None -
H3004 Titanium Ti None Titanium B367, Gr. C3 Ti
H3005 Titanium-Pd TiP None Titanium-Pd B367, Gr. C8A Ti
H3007 Zirconium Zr None Zirconium B752, Gr. 702C Ti

® Duriron, Durichlor 51 and Superchlor are registered trademarks of Flowserve Corporation.

® Ferralium is a registered trademark of Langley Alloys.

® Hastelloy is a registered trademark of Haynes International, Inc.

® Inconel and Monel are registered trademarks of International Nickel Co. Inc.

Notes:
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Figure 3-3: Class 150 flanges

Temp Material Group No.

°C 10 | 11 | 21 | 22 | 28 | 32 | 34 [ 35 | 37 | 38 [ 317 | Ti | cCr
(%F) bar (psi)

-73 19.0 19.0 19.7 9.7 15.9 15.2 20.0 20.0 15.9 20.0

(-100) - B (275) | (275) | (285) | (140) | (230) | (220) | (290) | (290) | (230) | (290) -
-29 17.2 19.7 19.0 19.0 19.7 9.7 15.9 15.2 20.0 20.0 15.9 20.0

(-20) (250) | (285) | (275) | (275) | (285) | (140) | (230) | (220) | (290) | (290) | (230) | (290) B
-18 17.2 19.7 19.0 19.0 19.7 9.7 15.9 15.2 20.0 20.0 15.9 20.0 12.6
(0) (250) | (285) | (275) | (275) | (285) | (140) | (230) | (220) | (290) | (290) | (230) | (290) | (183)
38 17.2 19.7 19.0 19.0 19.7 9.7 15.9 15.2 20.0 20.0 15.9 20.0 12.6
(100) (250) | (285) | (275) | (275) | (285) | (140) | (230) | (220) | (290) | (290) | (230) | (290) | (183)
93 16.2 17.9 15.9 16.2 17.9 9.7 13.8 13.8 17.9 17.9 13.8 17.9 12.6
(200) (235) | (260) | (230) | (235) | (260) | (140) | (200) | (200) | (260) | (260) | (200) | (260) | (183)
149 14.8 15.9 14.1 14.8 15.9 9.7 13.1 12.4 15.9 15.9 12.4 15.9 12.6
(300) (215) | (230) | (205) | (215) | (230) | (140) | (190) | (180) | (230) | (230) | (180) | (230) | (183)
171 14.4 15.0 13.7 14.3 15.0 9.7 13.0 12.1 15.0 15.0 11.9 15.0 12.6
(340) (209) | (218) | (199) | (207) | (218) | (140) | (188) | (176) | (218) | (218) | (172) | (218) | (183)
204 13.8 13.8 13.1 13.4 13.8 9.7 12.8 11.7 13.8 13.8 11.0 13.8

(400) (200) | (200) | (190) | (195) | (200) | (140) | (185) | (170) | (200) | (200) | (160) | (200) -
260 11.7 11.7 117 11.7 11.7 9.7 11.7 11.0 11.7 11.7 10.3 11.7

(500) (170) | (170) | (170) | (170) | (170) | (140) | (170) | (160) | (170) | (170) | (150) | (170) B
316 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7 9.7

(600) (140) | (140) | (140) | (140) | (140) | (140) | (140) | (140) | (140) | (140) | (140) | (140) -
343 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6

(650) (125) | (125) | (125) | (125) B B (125) | (125) | (125) | (125) B (125) B
371 7.6 76 76 76 76 76 76 76

(700) - (110) | (110) | (110) B B (110) | (110) | (110) | (110) B (110) B

Figure 3-4A: Group 2 — 13 in. In-Lines and Group 3 pumps with Class 300 flanges

Temp Material Group No.
°C 11 | 21 | 22 | 28 | 32 | 34 | 35 | 37 | 38 | 317 | Ti
(%F) bar (psi)

-73 24.1 24.1 24.1 17.4 24.1 24.1 24.1 24.1 24.1 24.1
(-100) - (350) (350) (350) (252) (350) (350) (350) (350) (350) (350)
-29 24.1 24.1 24.1 24.1 17.4 24.1 24.1 24.1 24.1 24.1 24.1
(-20) (350) (350) (350) (350) (252) (350) (350) (350) (350) (350) (350)
-18 24.1 24.1 24.1 24.1 17.4 24.1 24.1 24.1 24.1 24.1 24.1

(0) (350) (350) (350) (350) (252) (350) (350) (350) (350) (350) (350)
38 24.1 24.1 24.1 24.1 17.4 24.1 24.1 24.1 24.1 24.1 24.1
(100) (350) (350) (350) (350) (252) (350) (350) (350) (350) (350) (350)
93 22.0 20.1 208 23.2 17.4 213 229 24.1 24.1 20.9 214
(200) (319) (292) (301) (336) (252) (309) (332) (350) (350) (303) (310)
149 214 18.1 18.8 214 17.4 19.9 214 235 235 18.7 18.7
(300) (310) (263) (272) (310) (252) (289) (310) (341) (341) (271) (271)
204 20.7 16.6 17.3 19.8 17.4 19.3 19.9 227 227 16.9 15.9
(400) (300) (241) (250) (287) (252) (280) (288) (329) (329) (245) (231)
260 19.6 15.3 16.1 185 17.4 19.1 19.3 214 214 15.7 13.2
(500) (284) (222) (233) (268) (252) (277) (280) (310) (310) (228) (191)
316 17.9 14.6 15.1 17.9 17.4 19.1 19.2 19.5 19.5 14.5 10.5
(600) (260) (211) (219) (259) (252) (277) (278) (282) (282) (210) (152)
343 17.4 14.4 14.9 19.1 19.0 19.0 19.0 9.1
(650) (253) (209) (216) - - (277) (276) (275) (275) - (132)
37 17.4 14.2 14.4 19.1 18.9 18.3 18.3 7.7
(700) (253) (207) (209) " - (277) (274) (266) (266) - (112)
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Figure 3-4B: Group 2 - 13 in. Lo-Flo pumps with Class 300 flanges

Temp Material Group No.
°C 10 [ 11 | 21 | 22 | 28 | 32 | 34 | 35 [ 37 | 38 | 317 | Ti
(°F) bar (psi)
-73 _ _ 31.0 31.0 31.0 17.4 24.1 276 31.0 31.0 24.1 31.0
(-100) (450) | (450) | (450) | (252) | (350) | (400) | (450) | (450) | (350) | (450)
-29 31.0 31.0 31.0 31.0 31.0 17.4 24.1 276 31.0 31.0 24.1 31.0
(-20) (450) | (450) | (450) | (450) | (450) | (252) | (350) | (400) | (450) | (450) | (350) | (450)
-18 31.0 31.0 31.0 31.0 31.0 17.4 24.1 276 31.0 31.0 24.1 31.0
(0) (450) | (450) | (450) | (450) | (450) | (252) | (350) | (400) | (450) | (450) | (350) | (450)
38 31.0 31.0 31.0 31.0 31.0 17.4 24.1 276 31.0 31.0 24.1 31.0
(100) | (450) | (450) | (450) | (450) | (450) | (252) | (350) | (400) | (450) | (450) | (350) | (450)
93 29.1 28.3 25.9 267 29.8 17.4 213 26.1 31.0 31.0 20.9 275
(200) | (422) | (410) | (375) | (388) | (432) | (252) | (309) | (379) | (450) | (450) | (303) | (399)
149 27.4 275 23.3 24.1 275 17.4 19.9 24.4 30.2 30.2 18.7 24.0
(300) | (397) | (398) | (338) | (350) | (399) | (252) | (289) | (354) | (438) | (438) | (271) | (348)
204 255 26.6 213 222 25.4 17.4 19.3 227 29.2 29.2 16.9 205
(400) | (369) | (386) | (309) | (322) | (369) | (252) | (280) | (330) | (423) | (423) | (245) | (297)
260 24.0 25.2 19.7 207 23.8 17.4 19.1 22.1 275 27.5 15.7 17.0
(500) | (348) | (365) | (285) | (300) | (345) | (252) | (277) | (320) | (399) | (399) | (228) | (246)
316 225 23.1 18.7 19.4 23.0 17.4 19.1 21.9 25.0 25.0 14.5 13.4
(600) | (327) | (334) | (272) | (81) | (333) | (252) | (277) | (318) | (363) | (363) | (210) | (195)
343 21.8 224 18.5 19.2 _ _ 19.1 21.8 24.4 24.4 _ 1.7
(650) | (316) | (325) | (269) | (2780 277) | (316) | (354) | (354) (170)
37 _ 224 18.3 18.5 R _ 19.1 216 23.6 23.6 _ 9.9
(700) (325) | (266) | (269) @77) | (313) | (342) | (342 (144)

Figure 3-4C: All other Class 300 flanges

Temp Material Group No.
°C 11 | 21 | 22 | 28 | 32 | 34 | 35 | 37 | 38 | 317 | Ti
(%F) bar (psi)
-73 ~ 276 276 276 17.4 24.1 24.1 276 276 24.1 276
(-100) (400) (400) (400) (252) (350) (350) (400) (400) (350) (400)
-29 276 276 276 276 17.4 24.1 24.1 276 276 24.1 276
(-20) (400) (400) (400) (400) (252) (350) (350) (400) (400) (350) (400)
-18 276 276 276 276 17.4 24.1 24.1 276 276 24.1 276
(0) (400) (400) (400) (400) (252) (350) (350) (400) (400) (350) (400)
38 276 276 276 276 17.4 24.1 24.1 276 276 24.1 276
(100) (400) (400) (400) (400) (252) (350) (350) (400) (400) (350) (400)
93 252 23.0 237 26.5 17.4 21.3 229 276 276 20.9 24.5
(200) (365) (333) (344) (384) (252) (309) (332) (400) (400) (303) (355)
149 24.4 207 215 24.5 17.4 19.9 214 26.8 26.8 18.7 21.3
(300) (354) (300) (311) (355) (252) (289) (310) (389) (389) (@7) (309)
204 237 19.0 19.7 226 17.4 19.3 19.9 25.9 25.9 16.9 18.2
(400) (343) (275) (286) (328) (252) (280) (288) (376) (376) (245) (264)
260 224 17.5 18.4 21.1 17.4 19.1 19.3 245 24.5 15.7 15.1
(500) (324) (253) (267) (307) (252) (277) (280) (355) (355) (228) (219)
316 205 16.7 17.2 204 17.4 19.1 19.2 222 222 14.5 12.0
(600) (297) (242) (250) (296) (252) (277) (278) (323) (323) (210) (173)
343 19.9 16.5 17.0 _ _ 19.1 19.0 217 217 _ 10.4
(650) (289) (239) (247) (277) (276) (315) (315) (151)
37 19.9 16.3 16.5 _ _ 19.1 18.9 21.0 21.0 _ 8.8
(700) (289) (236) (239) (277) (274) (304) (304) (128)
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Figure 3-6: Suction pressure reference numbers

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

Figure 3-7: Minimum continuous flow

Pump size 1750 3500 MCF % of BEP

1K 1.5x1-6 7 10 Pump size 3500/2 900 1 750/1 450 1 180/960

1K 3x1.5-6 10 15 r/min r/min r/min

0 2 R
XZ- % % %

1 E ?glf\és il 18 2K3x2-8 20% 10% 10%

/ ; pams e e
X2~ % % %

1K 2x1.5V-8 il 16 2K4x3-10 30% 10% 10%

1K 3x1.5-8 4 4 2K6x4-10 40% 10% 10%

1K 3x2V-7 il 11 2K6x4-10H n.a. 20% 10%

2K 3x2-8 10 7 2K3x1.5-13 30% 10% 10%

2K 4x3-8 10 13 2K3x2-13 40% 10% 10%

2K 2x1-10A 8 3 2K4x3-13 40% 20% 10%

2K 2x1.5V-10A 8 3 2K4x3-13HH n.a. 50% 30%

2K 2x1.5US-10A 2K6x4-13 60% 40% 10%

2K 3x1.5-10A 10 17 3K8x6-14 n.a. 40% 15%

2K 3x2-10A 10 14 3K10x8-14 n.a. 40% 10%

2K 3x2V-10 In-Line 11 9 3K6x4-16 n.a. 50% 10%

2K 4x3-10 6 2 3K8x6-16 n.a. 50% 10%

2K 4x3-10H 3 na 3K10x8-16 n.a. 50% 10%

2K 6x4-10 5 8 3K10x8-17 n.a. 50% 10%

2K 6x4-10H 10 na All other sizes 10% 10% 10%

;E 22;? 31 3 2 ? Figure 3-8: Minimum submergence

2K 4x3-13/13 1 na i

2K 4x3-13/12 1 na

2K 4x3-13/11 max 1 2

2K 4x3-13HH 10 na

2K 6x4-13A 1 na

2K 6x4-13A/10.25 1 ?

3K 8x6-14A 2 na

3K 10x8-14 PT na

3K 6x4-16 PT na

3K 8x6-16A PT na

3K 10x8-16 & 16H PT na

3K 10x8-17 3 na

Recessed impellers PT PT

Lo-Flo pumps PT PT

Open impellers PT PT

Notes:

1.  Self-Primer and In-Line pumps not specifically listed above
are to use the standard pump ratings given.
For example: 2K 3x2V-13 and 2K 3x2US-13 pumps utilize the
standard 2K 3x2-13 ratings.

2. P-T: Only limited by Pressure-Temperature ratings.

3. Open impeller pumps including the Lo-Flo and Recessed
Impeller products are limited in suction pressure only by the

Pressure-Temperature ratings.

4. Sealmatic pump suction pressure is limited by the repeller.
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Figure 3-9: Minimum submergence

Minimum Submergence - ft

Suction Pipe Velocity, m/s

0 33 66 9.8 131 16.4 164
131
98
66
33

0 ? 3 4 5 ’

Minimum Submergence - m
flowserve.com
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4 INSTALLATION

Zirconium 702 or high chrome iron components

/A\ CAUTION
If any of the components of the pump

have been made of zirconium or high chrome iron,
the following precautionary measures should be
followed:
e Use hand wrenches rather than impact wrenches
e This equipment should not be subjected to

sudden changes in temperature or pressure
¢ Avoid striking this equipment with any sharp blows

Zirconium 705 and high chrome iron components

/A\ cAuTioN . , i
Avoid any repair or fabrication welds
on Zirconium 705 and high chrome iron components.

4.1 Location

The pump should be located to allow room for
access, ventilation, maintenance, and inspection with
ample headroom for lifting and should be as close as
practicable to the supply of liquid to be pumped.
Refer to the general arrangement drawing for the
pump set.

4.2 Part assemblies

The supply of motors and baseplates are optional.
As a result, it is the responsibility of the installer to
ensure that the motor is assembled to the pump and
aligned as detailed in section 4.5 and 4.8.

4.3 Foundation

4.3.1 Protection of openings and threads
When the pump is shipped, all threads and all
openings are covered. This protection/covering
should not be removed until installation. If, for any
reason, the pump is removed from service, this
protection should be reinstalled.

4.3.2 In-Line pump mounting

The Mark 3 In-Line can be supported in several ways:

e The pump may be supported by the piping; in
which case it is recommended that the suction
and discharge pipes be supported adjacent to the
pump nozzles

e The pump may be supported under the casing
foot or on the optional “pump stand”

The “pump stand” will allow the pump to free stand
without the aid of piping. The pump stand may be
bolted (and grouted) into place. In this case, the
piping loads must be within the limits of the casing
and of the “pump stand” as found in section 4.6.
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The most advantageous method is the one that
permits the pump to move with the piping. This
eliminates problems due to thermal expansion, as the
pump is designed to withstand forces that the piping
is normally capable of transmitting.

4.3.3 Rigid baseplates - overview

The function of a baseplate is to provide a rigid
foundation under a pump and its driver that maintains
alignment between the two. Baseplates may be
generally classified into two types:

¢ Foundation-mounted, grouted design. (Figure 4-1.)
e Stilt mounted, or free standing. (Figure 4-2.)

Figure 4-1

Figure 4-2

Baseplates intended for grouted installation are
designed to use the grout as a stiffening member.
Stilt mounted baseplates, on the other hand, are
designed to provide their own rigidity. Therefore the
designs of the two baseplates are usually different.

Regardless of the type of baseplate used, it must
provide certain functions that ensure a reliable
installation. Three of these requirements are:

1. The baseplate must provide sufficient rigidity to
assure the assembly can be transported and
installed, given reasonable care in handling,
without damage. It must also be rigid enough
when properly installed to resist operating loads.

2. The baseplate must provide a reasonably flat
mounting surface for the pump and driver. Uneven
surfaces will result in a soft-foot condition that may
make alignment difficult or impossible. Experience
indicates that a baseplate with a top surface
flatness of 1.25 mm/m (0.015 in./ft) across the
diagonal corners of the baseplate provides such a
mounting surface. Therefore, this is the tolerance
to which we supply our standard baseplate.

flowserve.com
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Some users may desire an even flatter surface,
which can facilitate installation and alignment.
Flowserve will supply flatter baseplates upon
request at extra cost. For example, mounting
surface flatness of 0.17 mm/m (0.002 in./ft) is
offered on the Flowserve Type E “Ten Point”
baseplate shown in figure 4-1.

3. The baseplate must be designed to allow the user
to final field align the pump and driver to within their
own particular standards and to compensate for
any pump or driver movement that occurred during
handling. Normal industry practice is to achieve
final alignment by moving the motor to match the
pump. Flowserve practice is to confirm in our shop
that the pump assembly can be accurately aligned.
Before shipment, the factory verifies that there is
enough horizontal movement capability at the motor
to obtain a “perfect” final alignment when the
installer puts the baseplate assembly into its
original, top leveled, unstressed condition.

4.3.4 Stilt and spring mounted baseplates
Flowserve offers stilt and spring mounted baseplates.
(See figure 4-2 for stilt mounted option.) The low
vibration levels of Mark 3 pumps allow the use of
these baseplates - provided they are of a rigid design.
The baseplate is set on a flat surface with no tie down
bolts or other means of anchoring it to the floor.

General instructions for assembling these baseplates
are given below. For dimensional information, please
refer to the appropriate Flowserve “Sales print.”

4.3.4.1 Stilt mounted baseplate assembly

instructions

Refer to figure 4-3.

a) Raise or block up baseplate/pump above the
floor to allow for the assembly of the stilts.

b) Predetermine or measure the approximate
desired height for the baseplate above the floor.

c) Set the bottom nuts [2] above the stilt bolt head
[1] to the desired height.

d) Assemble lock washer [3] down over the stilt bolt.

e) Assemble the stilt bolt up through hole in the
bottom plate and hold in place.

f)  Assemble the lock washer [3] and nut [2] on the
stilt bolt. Tighten the nut down on the lock
washer.

g) After all four stilts have been assembled, position
the baseplate in place, over the floor cups [4]
under each stilt location, and lower the baseplate
to the floor.

h) Level and make final height adjustments to the
suction and discharge pipe by first loosening the
top nuts and turning the bottom nuts to raise or
lower the baseplate.
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i) Tighten the top and bottom nuts at the lock
washer [3] first then tighten the other nuts.

j) It should be noted that the connecting pipelines
must be individually supported, and that the stilt
mounted baseplate is not intended to support
total static pipe load.

Figure 4-3

1 - STILT BOLT
2 = NUTS

@ - LOCK WASHER
4 —FLOOR CUP

4.3.4.2 Stilt/spring mounted baseplate assembly

instructions

Refer to figure 4-4.

a) Raise or block up baseplate/pump above the
floor to allow for the assembly of the stilts.

b) Set the bottom nuts [4] above the stilt bolt head
[1]. This allows for 51 mm (2 in.) upward
movement for the final height adjustment of the
suction/discharge flange.

c) Assemble the lock washer [6] flat washer [5] and
bottom spring/cup assembly [2] down over the
stilt bolt [1].

d) Assemble the stilt bolt/bottom spring up through
hole in the bottom plate and hold in place.

e) Assemble top spring/cup assembly [3] down
over stilt bolt.

f)  Assemble flat washer [5], lock washer [6] and
nuts [4] on the stilt bolt.

g) Tighten down top nuts, compressing the top
spring approximately 13 mm (0.5 in.). Additional
compression may be required to stabilize the
baseplate.

h)  After all four stilts have been assembled,
position the baseplate in place, over the floor
cups [7] under each stilt location, and lower the
baseplate down to the floor.

i) Level and make final height adjustments to the
suction and discharge pipe by first loosening the
top nuts, and turning the bottom nuts to raise or
lower the baseplate.

i) Recompress the top spring to the compression
established in step g) and lock the nuts.
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k) It should be noted that the connecting pipelines
must be individually supported, and that the
spring mounted baseplate is not intended to
support total static pipe loads.

Figure 4-4

1

(@ = STILT BOLT
6 @ - BOTTOM SPRING

(3"« in (83 mm) OD X 4 in
5 (102 mm) FL/CUPS)
3 - TOP SPRING
(2in {51 mm) 0D X 4in

) (102 mm) FL/CUPS)
@ = NUTS
5 — FLAT WASHER
® — LOCK WASHER
@ - FLOOR CUP

—
k] g
——

T
jim
©)

=A__1in (25 mm) Approx. Initial Height
S

4.3.4.3 Stilt/spring mounted baseplates - motor

alignment

The procedure for motor alignment on stilt or spring

mounted baseplates is similar to grouted baseplates.

The difference is primarily in the way the baseplate is

leveled.

a) Level the baseplate by using the stilt adjusters.
(Shims are not needed as with grouted
baseplates.)

b) After the base is level, it is locked in place by
locking the stilt adjusters.

¢) Next the initial pump alignment must be checked.
The vertical height adjustment provided by the
stilts allows the possibility of slightly twisting the
baseplate. If there has been no transit damage
or twisting of the baseplate during stilt height
adjustment, the pump and driver should be within
0.38 mm (0.015 in.) parallel, and 0.0025 mm/mm
(0.0025 in./in.) angular alignment. If this is not
the case, check to see if the driver mounting
fasteners are centered in the driver feet holes.

d) If the fasteners are not centered there was likely
shipping damage. Re-center the fasteners and
perform a preliminary alignment to the above
tolerances by shimming under the motor for
vertical alignment, and by moving the pump for
horizontal alignment.

e) If the fasteners are centered, then the baseplate
may be twisted. Slightly adjust (one turn of the
adjusting nut) the stilts at the driver end of the
baseplate and check for alignment to the above
tolerances. Repeat as necessary while
maintaining a level condition as measured from
the pump discharge flange.

f)  Lock the stilt adjusters.

The remaining steps are as listed for new grouted

baseplates.
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4.4 Grouting

a) The pump foundation should be located as close
to the source of the fluid to be pumped as
practical.

b) There should be adequate space for workers to
install, operate, and maintain the pump. The
foundation should be sufficient to absorb any
vibration and should provide a rigid support for
the pump and motor.

c) Recommended mass of a concrete foundation
should be three times that of the pump, motor
and base. Refer to figure 4-5.

Note:

Foundation bolts are imbedded in the
concrete inside a sleeve to allow some
movement of the bolt.

Figure 4-5
Baseplate
Plastic Tubing
Around Bolt K /_ Grout
P S|
Dam T ] R

Wedge

Packing

Sleeve

Locking Tab
Welded to Bolt Bolt

d) Level the pump baseplate assembly. If the
baseplate has machined coplanar mounting
surfaces, these machined surfaces are to be
referenced when leveling the baseplate. This may
require that the pump and motor be removed from
the baseplate in order to reference the machined
faces. If the baseplate is without machined
coplanar mounting surfaces, the pump and motor
are to be left on the baseplate. The proper
surfaces to reference when leveling the pump
baseplate assembly are the pump suction and
discharge flanges. DO NOT stress the baseplate.

e) Do not bolt the suction or discharge flanges of
the pump to the piping until the baseplate
foundation is completely installed. If equipped,
use leveling jackscrews to level the baseplate. If
jackscrews are not provided, shims and wedges
should be used. (See Figure 4-5.) Check for
levelness in both the longitudinal and lateral
directions. Shims should be placed at all base
anchor bolt locations, and in the middle edge of
the base if the base is more than 1.5 m (5 ft.)
long. Do not rely on the bottom of the baseplate
to be flat. Standard baseplate bottoms are not
machined, and it is not likely that the field
mounting surface is flat.

Concrete
Foundation
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f)  After leveling the baseplate, tighten the anchor
bolts. If shims were used, make sure that the
baseplate was shimmed near each anchor bolt
before tightening. Failure to do this may result in
a twist of the baseplate, which could make it
impossible to obtain final alignment.

g) Check the level of the baseplate to make sure
that tightening the anchor bolts did not disturb
the level of the baseplate. If the anchor bolts did
change the level, adjust the jackscrews or shims
as needed to level the baseplate.

h)  Continue adjusting the jackscrews or shims and
tightening the anchor bolts until the baseplate is
level.

i) Check initial alignment. If the pump and motor
were removed from the baseplate proceed with
step j) first, then the pump and motor should be
reinstalled onto the baseplate using Flowserve’s
factory preliminary alignment procedure as
described in section 4.5, and then continue with
the following. As described above, pumps are
given a preliminary alignment at the factory. This
preliminary alignment is done in a way that
ensures that, if the installer duplicates the factory
conditions, there will be sufficient clearance
between the motor hold down bolts and motor foot
holes to move the motor into final alignment. If the
pump and motor were properly reinstalled to the
baseplate or if they were not removed from the
baseplate and there has been no transit damage,
and also if the above steps where done properly,
the pump and driver should be within 0.38 mm
(0.015in.) FIM (Full Indicator Movement) parallel,
and 0.0025 mm/mm (0.0025 in./in.) FIM angular. If
this is not the case, first check to see if the driver
mounting fasteners are centered in the driver feet
holes. If not, re-center the fasteners and perform a
preliminary alignment to the above tolerances by
shimming under the motor for vertical alignment,
and by moving the pump for horizontal alignment.

j)  Grout the baseplate. A non-shrinking grout
should be used. Make sure that the grout fills
the area under the baseplate. After the grout
has cured, check for voids and repair them.
Jackscrews, shims and wedges should be
removed from under the baseplate at this time.
If they were to be left in place, they could rust,
swell, and cause distortion in the baseplate.

k) Run piping to the suction and discharge of the
pump. There should be no piping loads
transmitted to the pump after connection is
made. Recheck the alignment to verify that
there are no significant loads.
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4.5 Initial alignment

4.5.1 Horizontal initial alignment procedure

The purpose of factory alignment is to ensure that the
user will have full utilization of the clearance in the
motor holes for final job-site alignment. To achieve
this, the factory alignment procedure specifies that
the pump be aligned in the horizontal plane to the
motor, with the motor foot bolts centered in the motor
holes. This procedure ensures that there is sufficient
clearance in the motor holes for the customer to field
align the motor to the pump, to zero tolerance. This
philosophy requires that the customer be able to
place the base in the same condition as the factory.
Thus the factory alignment will be done with the base
sitting in an unrestrained condition on a flat and level
surface. This standard also emphasizes the need to
ensure the shaft spacing is adequate to accept the
specified coupling spacer.

The factory alignment procedure is summarized

below:

a) The baseplate is placed on a flat and level
workbench in a free and unstressed position.

b) The baseplate is leveled as necessary. Leveling
is accomplished by placing shims under the rails
of the base at the appropriate anchor bolt hole
locations. Levelness is checked in both the
longitudinal and lateral directions.

c) The motor and appropriate motor mounting
hardware is placed on the baseplate and the motor
is checked for any planar soft-foot condition. If any
is present it is eliminated by shimming.

d) The motor feet holes are centered on the motor
mounting fasteners. This is done by using a
centering nut as shown in figure 4-6.

Figure 4-6
r%—l‘jemermg
Nut
Motor Foot ‘ ) Sic;?]\?en.
j; E(]E*-— lignment)
Baseplate = Adjustment Allowance

For Horizontal Alignment

e) The motor is fastened in place by tightening the
nuts on two diagonal motor mounting studs.

f)  The pump is put onto the baseplate and leveled.
The foot piece under the bearing housing is
adjustable. It is used to level the pump, if necessary.
Mark 3A and ANSI 3A design
If an adjustment is necessary, add or remove
shims [3126.1] between the foot piece and the
bearing housing.

flowserve.com



L
FLOWSERVE
N

Mark 3 design (old)
If an adjustment is necessary, the adjuster nut
[6576] is used to move the footpiece up or down.

g) The spacer coupling gap is verified.

h) The parallel and angular vertical alignment is
made by shimming under the motor.

i) The motor feet holes are again centered on the
motor mounting studs using the centering nut. At
this point the centering nut is removed and
replaced with a standard nut. This gives
maximum potential mobility for the motor to be
horizontally moved during final, field alignment.
All four motor feet are tightened down.

i) The pump and motor shafts are then aligned
horizontally, both parallel and angular, by moving
the pump to the fixed motor. The pump feet are
tightened down.

k) Both horizontal and vertical alignment is again
final checked as is the coupling spacer gap.

See section 4.8, Final shaft alignment.

4.5.2 In-Line initial alignment procedure

The factory alignment proceed procedure ensures
that the unit may be aligned in the field. The initial
alignment is no more than 0.38 mm (0.015 in.)
parallel, and 0.0025 mm/mm (0.0025 in./in.) angular
misalignment.

The Mark 3 In-Line incorporates motor alignment
capabilities. Parallel alignment is achieved by
moving the motor adapter and motor as an assembly
relative to the power end. Four adjustment screws
(as shown in figures 4-7 and 4-8) allow for precise
changes in parallel alignment. Angular alignment is
controlled by machining tolerances, but cannot
prevent uneven cover gasket compression.

a) Check angular alignment. Additional torque may
be applied to the appropriate casing bolts to
correct angularity.

b) Check parallel alignment within a plane defined by
the adjusters at opposite corners of the motor
adapter. To make corrections, the motor adapter
nuts [6580.3] must be slightly loosened to allow the
motor adapter to move. All adjusters except for the
one in the desired direction of motor movement
should be loosened during adjustment. Tighten the
adjuster slowly against the stud until desired
alignment numbers are reached.

c) Check parallel alignment within a plane 90
degrees from the first. Corrections are made as
described in the previous step.

d) Several iterations between planes may be
necessary. Tighten all fasteners and recheck
alignment.
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Figure 4-7

4.6 Piping

A SAuien Protective covers are fitted to both the
suction and discharge flanges of the casing and must
be removed prior to connecting the pump to any pipes.

4.6.1 Suction and discharge piping

All piping must be independently supported, accurately
aligned and preferably connected to the pump by a
short length of flexible piping. The pump should not
have to support the weight of the pipe or compensate
for misalignment. It should be possible to install suction
and discharge bolts through mating flanges without
pulling or prying either of the flanges. All piping must be
tight. Pumps may air-bind if air is allowed to leak into
the piping. If the pump flange(s) have tapped holes,
select flange fasteners with thread engagement at least
equal to the fastener diameter but that do not bottom
out in the tapped holes before the joint is tight.

4.6.2 Suction piping

To avoid NPSH and suction problems, suction piping
must be at least as large as the pump suction
connection. Never use pipe or fittings on the suction
that are smaller in diameter than the pump suction size.
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Figure 4-9 illustrates the ideal piping configuration with a
minimum of 10 pipe diameters between the source and
the pump suction. In most cases, horizontal reducers
should be eccentric and mounted with the flat side up as
shown in figure 4-10 with a maximum of one pipe size
reduction. Never mount eccentric reducers with the flat
side down. Horizontally mounted concentric reducers
should not be used if there is any possibility of entrained
air in the process fluid. Vertically mounted concentric
reducers are acceptable. In applications where the fluid
is completely de-aerated and free of any vapor or
suspended solids, concentric reducers are preferable to
eccentric reducers.

Figure 4-9

Figure 4-10

<:l SUCTION

10

DIAMETERS [T} /—

Avoid the use of throttling valves and strainers in the
suction line. Start up strainers must be removed shortly
before start up. When the pump is installed below the
source of supply, a valve should be installed in the
suction line to isolate the pump and permit pump
inspection and maintenance. However, never place a
valve directly on the suction nozzle of the pump.

Refer to the Durco Pump Engineering Manual and
the Centrifugal Pump IOM Section of the Hydraulic
Institute Standards for additional recommendations
on suction piping. (See section 10.)

Refer to section 3.4 for performance and operating
limits.

4.6.2.1 Mark 3 Self-Priming Pumps

The suction piping must be as short as possible and
be as close to the diameter of the suction nozzle as is
practical. The pump works by removing the air
contained in the suction piping. Once removed, it
operates exactly the same as a flooded suction
standard pump. Longer and larger the suction pipe
have a greater volume of air that has to be removed,
resulting in longer priming time. The suction piping
and seal chamber must be airtight to allow priming to
occur. When possible, it is recommended that
suction piping be sloped slightly towards the casing to
limit priming fluid loss down the suction line during
priming and shutdown.
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4.6.3 Discharge piping

Install a valve in the discharge line. This valve is
required for regulating flow and/or to isolate the pump
for inspection and maintenance.

ACAUIION When fluid velocity in the pipe is high,
for example, 3 m/s (10 ft/sec) or higher, a rapidly
closing discharge valve can cause a damaging
pressure surge. A dampening arrangement should
be provided in the piping.

4.6.3.1 Mark 3 Self-Priming Pumps

During the priming cycle, air from the suction piping is
evacuated into the discharge piping. There must be
a way for this air to vent. If air is not able to freely
vent out the discharge pipe, it is typically
recommended to install an air bleed line. The air
bleed line is typically connected from the discharge
pipe to the sump. Car must be taken to prevent air
from re-entering suction pipe.

4.6.4 Allowable nozzle loads

Flowserve chemical process pumps meet or exceed
the allowable nozzle loads given by ANSI/HI 9.6.2.
The following paragraphs describe how to calculate
the allowable loads for each pump type and how to
determine if the applied loads are acceptable. The
first configuration covered is ASME B73.1M pumps,
including the Mark 3 Standard, Sealmatic, Lo-Flo,
Recessed Impeller, and Unitized Self-Priming pumps.
The second configuration covered is the ASME
B73.2M vertical, Mark 3 In-Line pump.

4.6.4.1 Mark 3 horizontal pumps (ASME B73.1M)

The following steps are based upon ANSI/HI 9.6.2.

All information necessary to complete the evaluation

is given below. For complete details please review

the standard.

a) Determine the appropriate casing “Material
Group No.” from figure 3-2.

b) Find the “Casing material correction factor” in
Figure 4-11 based upon the “Material Group No.”
and operating temperature. Interpolation may be
used to determine the correction factor for a
specific temperature.

¢) Find the “Baseplate correction factor” in Figure
4-12. The correction factor depends upon how
the baseplate is to be installed.

d) Locate the pump model being evaluated in Figure
4-16 and multiply each load rating by the casing
correction factor. Record the "adjusted Figure
4-16 loads”.

e) Locate the pump model being evaluated in
Figures 4-17 and 4-18 and multiply each load
rating by the baseplate correction factor. Record
the adjusted Figure 4-17 and 4-18 loads.
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Compare the “adjusted Figure 4-16 loads” to the
values shown in figure 4-15. The lower of these
two values should be used as the adjusted figure 4-
15 values. (The HI standard also asks that figure 4-
15 loads be reduced if figure 4-17 or 4-18 values
are lower. Flowserve does not follow this step.)
Calculate the applied loads at the casing flanges
according to the coordinate system found in
figure 4-13. The 12 forces and moments possible
are Fxs, Fys, Fzs, Mxs, Mys, Mzs, Fxd, Fyd, Fzd,
Mxd, Myd and Mzd. For example, Fxd
designates Force in the “x” direction on the
discharge flange. Mys designates the Moment
about the “y”-axis on the suction flange.

Figure 4-14 gives the acceptance criteria
equations. For long coupled pumps, equation
sets 1 through 5 must be satisfied. For close
coupled and C-face pumps, only equation sets 1
and 2 must be satisfied.

Figure 4-11: Casing material correction factors

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

Equation set 1. Each applied load is divided by
the corresponding adjusted figure 4-15 value.
The absolute value of each ratio must be less
than or equal to one.

Equation set 2. The summation of the absolute
values of each ratio must be less than or equal to
two. The ratios are the applied load divided by
the adjusted figure 4-16 values.

Equation sets 3 and 4. These equations are
checking for coupling misalignment due to nozzle
loading in each axis. Each applied load is divided
by the corresponding adjusted load from figure 4-17
and 4-18. The result of each equation must be
between one and negative one.

Equation set 5. This equation calculates the total
shaft movement from the results of equations 3
and 4. The result must be less than or equal to one.

Material Group No.
10| 11 | 21 | 22 [ 24| 28 | 32 | 34 | 35 |37 |38 |317] 1i | cr
Austenitic steels Nickel and nickel alloys High
Type | Type Ti, | Chrome
304 | 316 Ti- -18to
Temp | Temp Carbon | and and | Type | CD- Hast | Hast | Alloy | Pd, | 171°C
°C ‘F DCl | Steel | 304L | 316L | 321 | 4MC Nickel | Monel | Inconel B C 20 Zr | 340 °F)
-129 | -200 - - 1.00 | 1.00 | 1.00 - 0.50 - - - - 0.83 - -
-73 -100 - - 1.00 | 1.00 | 1.00 | 1.00 0.50 0.83 0.93 1.00 | 1.00 | 0.83 | 0.89 -
-29 -20 | 0.89 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 0.50 0.83 0.93 1.00 | 1.00 | 0.83 | 0.89 0.65
38 100 | 0.89 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 0.50 0.83 0.93 1.00 | 1.00 | 0.83 | 0.89 0.65
93 200 | 0.83 | 0.94 | 0.83 | 0.86 | 0.93 | 1.00 0.50 0.74 0.88 1.00 | 1.00 | 0.72 | 0.86 0.65
150 300 | 0.78 | 0.91 0.75 | 0.78 | 0.83 | 0.92 0.50 0.69 0.82 1.01 | 1.01 | 0.65 | 0.81 0.65
205 400 | 0.73 | 0.88 | 0.69 | 0.72 | 0.69 | 0.85 0.50 0.67 0.77 0.98 | 0.98 | 0.58 | 0.69 0.65
260 500 | 0.69 | 0.83 | 0.63 | 0.67 | 0.64 | 0.80 0.50 0.66 0.74 092 | 0.92 | 0.54 | 0.57 -
315 600 | 065 | 0.76 | 0.60 | 0.63 | 0.60 | 0.77 0.50 0.66 0.74 0.84 | 0.84 | 0.50 | 0.45 -
344 650 | 0.63 | 0.74 | 0.60 | 0.62 | 0.60 - - 0.66 0.73 0.82 | 0.82 - 0.39 -
370 700 - 0.74 | 059 | 0.60 | 0.58 - - 0.66 0.73 0.79 | 0.79 - 0.33 -
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Figure 4-12: Baseplate correction factors Figure 4-13: Coordinate system

Base type Grouted Bolted Stilt mounted
Type A 1.0 0.7 0.65
Type B - Polybase 1.0 n/a 0.95
Type C n/a 1.0 1.0
Type D 1.0 0.8 0.75
Type E - PIP 1.0 0.95 n/a
Polyshield - baseplate/ 1.0 n/a n/a
foundation

Figure 4-14: Acceptance criteria equations

Set Equations Figure Remarks
Fs 1<q0, Fys |s1.o, |_Fes |s1.o, Mxs |s1.o, | Mys |s1 0 | Mz |<1 0 .
Frs_ad Frs_ag|  [Fes_ad| " [Mxs_aq|  [Mys_ag| T [Mzs_ag] Adjusted | Maximum
1 415 individual
Fd | <y, | ¥ |s1.o, | P |s1.o, | Mg |s1.o, | My |s1.o, | Mag |s1.o loading
deiadj Fydiadjl |de7adj deiadjl |Myd7adj| |Mzd7adj
s |, Frs |+| Fos |+| Mys |+ Mys |+| Mzs |+ Nozzle
5 Fxs_adj Fys—ad/| |Fzs—ad/'| |st—adl'| Mys—ad/| |Mzs—ad/| Adjusted stress, bolt
4-16 stress, pump
Fra_|, Fre |+| Fzd |+| Myq |+| My |+| Mzg |§2.0 slippage
Fxd_adj| |Fyd_adi| |Fzd_adj| |Mxd_adi| |Myd_adj| |Mzd_adj|
A — Fys + st + M)’S + Mzs +
ys _adj xs _adj ys _adj zs _adj
Adjusted y-axis
3 F, M M, M
Y + xd + Y + zd 4-17 movement
Fyd_adj de_adj yd _adj Mzd_adj
-1.0<A<1.0
B — F Xx§ + Fzs + M XS + MyS + Mzs +
xs _adj zs _adj xs _adj ys _adj zs _adj
Adjusted z-axis
4 F F, F M M., M
xd + Y + zd + xd + p) + zd 4-18 movement
de?adj Fyd?adj de?adj xd _adj yd _adj Mzd?adj
-1.0<B<1.0
Combined
5 | VA24B2 <10 - axis
movement
Note: All of the above equations are found by dividing the applied piping loads by the adjusted figure values.
Page 25 of 68 flowserve.com




- MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06
FLOWSERVE

Figure 4-15: Maximum individual loading

Suction flange Discharge flange

Pump size Forces N (Ibf) Moments Nm (Ibf-ft) Forces N (Ibf) Moments Nm (Ibf-ft)
Fxs Fys Fzs Mxs Mys Mzs Fxd Fyd Fzd Mxd Myd Mzd

1K 1.5x1-LF4 4670 | 3336 | 3336 976 231 231 3558 | 6005 | 13344 | 556 556 556
(1.050) (750) (750) (720) (170) (170) (800) (1350) (3.000) (410) (410) (410)

1K 1.5x1-6 4670 3336 3336 976 231 231 3558 6 005 13 344 556 556 556
(1.050) (750) (750) (720) (170) (170) (800) (1350) (3.000) (410) (410) (410)

1K 3x1.5-6 4670 | 5516 | 5560 | 1220 664 664 3558 | 6005 | 13344 | 678 746 692
(1050) | (1240) | (1250) | (900) (490) (490) (800) | (1350) | (3000) | (500) (550) (510)

1K 3x2-6 4670 4670 4670 1220 298 298 3558 6 005 13 344 678 1 356 692
(1050) | (1050) | (1050) | (900) (220) (220) (800) | (1350) | (3000) | (500) | (1000) | (510)

4670 5382 5382 976 258 258 3558 6 005 13 344 488 488 488

1K1.5x1-8 and LF8 (1050) | (1210) | (1210) | (720) (190) (190) (800) | (1350) | (3000) | (360) (360) (360)

1K 1.5x1.5US-8 4670 5382 5382 976 258 258 3558 6 005 13 344 488 488 488
Or (1050) | (1210) | (1210) | (720) (190) (190) (800) | (1350) | (3000) | (360) (360) (360)

1K 3x1.5-8 4670 5516 5560 1220 664 664 3558 6 005 13 344 597 597 597
) (1050) | (1240) | (1250) | (900) (490) (490) (800) | (1350) | (3000) | (440) (440) (440)

2K 3x2-8 12010 6 005 6672 1763 814 814 6 227 6 005 14 456 895 895 895
(2700) | (1350) | (1500) | (1300) | (600) (600) | (1400) | (1350) | (3250) | (660) (660) (660)

oK 4x3-8 12010 6 005 6672 1763 475 475 6 227 6 005 14 456 1627 1980 936
(2700) | (1350) | (1500) | (1300) | (350) (350) | (1400) | (1350) | (3250) | (1200) | (1460) | (690)

10 408 4270 4270 1722 298 298 6227 6 005 14 456 895 895 895

2K2x1-10A and LF10 (2340) | (960) (960) | (1270) | (220) (220) | (1400) | (1350) | (3250) | (660) (660) (660)

2K 2x1.5US-10A 10 408 4270 4270 1722 298 298 6227 6 005 14 456 895 895 895
: (2340) | (960) (960) | (1270) | (220) (220) | (1400) | (1350) | (3250) | (660) (660) (660)

2K 2x2R-10 10 408 4270 4270 1722 298 298 6227 6 005 14 456 895 895 895
(2340) | (960) (960) | (1270) | (220) (220) | (1400) | (1350) | (3250) | (660) (660) (660)

2K 3x1.5-10A 12010 6 005 6672 1763 570 570 6227 6 005 14 456 502 502 502
) (2700) | (1350) | (1500) | (1300) | (420 (420) | (1400) | (1350) | (3250) | (370) (370) (370)

2K 3x2-10A 12010 6 005 6 583 1763 420 420 6 227 6 005 14 456 759 759 759
(2700) | (1350) | (1480) | (1300) | (310) (310) | (1400) | (1350) | (3250) | (560) (560) (560)

2K 3x2US-10 12010 6 005 6 583 1763 420 420 6 227 6 005 14 456 759 759 759
(2700) | (1350) | (1480) | (1300) | (310 (310) | (1400) | (1350) | (3250) | (560) (560) (560)

2K 3x3R-10 12010 6 005 6 583 1763 420 420 6227 6 005 14 456 759 759 759
(2700) | (1350) | (1480) | (1300) | (310 (310) | (1400) | (1350) | (3250) | (560) (560) (560)

2K 4x3-10 and 10H 10 230 6 005 6672 1763 420 420 6 227 6 005 14 456 1627 1980 936
(2300) | (1350) | (1500) | (1300) | (310) (310) | (1400) | (1350) | (3250) | (1200) | (1460) | (690)

2K 4x3US-10H 10 230 6 005 6672 1763 420 420 6227 6 005 14 456 1627 1980 936
(2300) | (1350) | (1500) | (1300) | (310) (310) | (1400) | (1350) | (3250) | (1200) | (1460) | (690)

2K 6x4-10 and 10H 12010 6 005 6672 1763 1492 1492 6227 6 005 14 456 1627 2034 936
(2700) | (1350) | (1500) | (1300) | (1100) | (1100) | (1400) | (1350) | (3250) | (1200) | (1500) | (690)

12010 6 005 6672 1763 909 909 6 227 6 005 14 456 719 719 719

2K 3x1.5-13 and LF13 (2700) | (1350) | (1500) | (1300) | (670) (670) | (1400) | (1350) | (3250) | (530) (530) (530)

oK 3x2-13 8 540 5471 5471 1763 475 475 6 227 6 005 14 456 1627 1722 936
(1920) | (1230) | (1230) | (1300) | (350) (350) | (1400) | (1350) | (3250) | (1200) | (1270) | (690)

2K 3x2US-13 8 540 5471 5471 1763 475 475 6 227 6 005 14 456 1627 1722 936
(1920) | (1230) | (1230) | (1300) | (350) (350) | (1400) | (1350) | (3250) | (1200) | (1270) | (690)

12010 6 005 6672 1763 542 542 6 227 6 005 14 456 1627 2034 936

2K 4x3-13 and 13HH (2700) | (1350) | (1500) | (1300) | (400) (400) | (1400) | (1350) | (3250) | (1200) | (1500) | (690)

oK 4x3US-13 12010 6 005 6672 1763 542 542 6227 6 005 14 456 1627 2034 936
(2700) | (1350) | (1500) | (1300) | (400) (400) | (1400) | (1350) | (3250) | (1200) | (1500) | (690)

2K 4x3R-13 12010 6 005 6672 1763 542 542 6227 6 005 14 456 1627 2034 936
(2700) | (1350) | (1500) | (1300) | (400) (400) | (1400) | (1350) | (3250) | (1200) | (1500) | (690)

oK 6x4-13A 12010 6 005 6672 1763 1763 1492 6 227 6 005 14 456 1627 2034 936
(2700) | (1350) | (1500) | (1300) | (1300) | (1100) | (1400) | (1350) | (3250) | (1200) | (1500) | (690)

2K 6x4US-13A 12010 6 005 6672 1763 1763 1492 6227 6 005 14 456 1627 2034 936
(2700) | (1350) | (1500) | (1300) | (1300) | (1100) | (1400) | (1350) | (3250) | (1200) | (1500) | (690)

2K 6x4R-13 12010 6 005 6672 1763 1763 1492 6 227 6 005 14 456 1627 2034 936
(2700) | (1350) | (1500) | (1300) | (1300) | (1100) | (1400) | (1350) | (3250) | (1200) | (1500) | (690)

3K 8x6-14A 15 568 14 145 8 896 2034 1587 1587 6672 13 344 15 568 1695 3851 3851
(3500) | (3180) | (2000) | (1500) | (1170) | (1170) | (1500) | (3000) | (3500) | (1250) | (2840) | (2840)

3K 10x8-14 15 568 14 145 8 896 2034 2712 2915 6672 13 344 15 568 1695 3 851 3 851
(3500) | (3180) | (2000) | (1500) | (2000) | (2150) | (1500) | (3000) | (3500) | (1250) | (2840) | (2840)

3K 6x4-16 15 568 12721 8 006 1831 1431 1431 6 005 12010 14 011 1526 3 465 3465
(3500) | (2860) | (1800) | (1350) | (1055) | (1055) | (1350) | (2700) | (3150) | (1125) | (2555) | (2555)

3K 8x6-16A 15 568 14 145 8 896 2034 2007 2007 6672 13 344 15 568 1695 3851 3851
(3500) | (3180) | (2000) | (1500) | (1480) | (1480) | (1500) | (3000) | (3500) | (1250) | (2840) | (2840)

3K 10x8-16 and 16H 15 568 14 145 8 896 2034 1532 1532 6672 13 344 15 568 1695 3 851 3 851
(3500) | (3180) | (2000) | (1500) | (1130) | (1130) | (1500) | (3000) | (3500) | (1250) | (2840) | (2840)

3K 10x8-17 15 568 14 145 8 896 2034 1532 1532 6672 13 344 15 568 1695 3 851 3 851
(3500) | (3180) | (2000) | (1500) | (1130) | (1130) | (1500) | (3000) | (3500) | (1250) | (2840) | (2840)
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Figure 4-16: Maximum combined loading

Suction flange Discharge flange

Pump size Forces N (Ibf) Moments Nm (Ibf-ft) Forces N (Ibf) Moments Nm (Ibf-ft)
Fxs Fys Fzs Mxs Mys Mzs Fxd Fyd Fzd Mxd Myd Mzd

1K 1.5x1-LF4 8985 | 3336 | 3336 | 2481 231 231 8985 | 6005 | 27756 | 556 556 556
(2020) | (750) (750) | (1830) | (170 (170) | (2020) | (1350) | (6240) | (410) (410) (410)

1K 1.5x1-6 8985 3336 3336 2481 231 231 8985 6 005 27 756 556 556 556
(2020) | (750) (750) | (1830) | (170 (170) | (2020) | (1350) | (6240) | (410) (410) (410)

1K 3x1.5-6 8985 | 5516 | 9385 | 3105 664 664 8985 | 6005 | 27756 | 746 746 692
(2020) | (1240) | (2110) | (2290) | (490) (490) | (2020) | (1350) | (6240) | (550) (550) (510)

1K 3x2-6 8 985 4670 4670 3105 298 298 8985 6 005 27 756 1397 1397 692
(2020) | (1050) | (1050) | (2290) | (220) (220) | (2020) | (1350) | (6240) | (1030) | (1030) | (510)

1K 1.5x1-8 and LF-8 8 985 5382 5382 2481 258 258 8985 6 005 27 756 488 488 488
: (2020) | (1210) | (1210) | (1830) | (190) (190) | (2020) | (1350) | (6240) | (360) (360) (360)

1K 1.5x1.5US-8 8985 5382 5382 2481 258 258 8985 6 005 27 756 488 488 488
Or (2020) | (1210) | (1210) | (1830) | (190) (190) | (2020) | (1350) | (6240) | (360) (360) (360)

1K 3x1.5-8 8 985 5516 7 295 3105 664 664 8985 6 005 27 756 597 597 597
) (2020) | (1240) | (1640) | (2290) | (490) (490) (2020) | (1350) | (6240) | (440) (440) (440)

2K 3x2-8 12010 6 005 11076 5058 814 814 8763 6 005 27 756 895 895 895
(2700) | (1350) | (2490) | (3730) | (600) (600) | (1970) | (1350) | (6240) | (660) (660) (660)

oK 4x3-8 12010 6 005 8184 5058 475 475 8985 6 005 27 756 1980 1980 936
(2700) | (1350) | (1840) | (3730) | (350) (350) | (2020) | (1350) | (6240) | (1460) | (1460) | (690)

10 408 4270 4270 4936 298 298 8985 6 005 27 756 895 895 895

2K2x1-10A and LF10 (2340) | (960) (960) | (3640) | (220) (220) | (2020) | (1350) | (6240) | (660) (660) (660)

2K 2x1.5US-10A 10 408 4270 4270 4936 298 298 8985 6 005 27 756 895 895 895
: (2340) | (960) (960) | (3640) | (220) (220) | (2020) | (1350) | (6240) | (660) (660) (660)

2K 2x2R-10 10 408 4270 4270 4936 298 298 8985 6 005 27 756 895 895 895
(2340) | (960) (960) | (3640) | (220) (220) | (2020) | (1350) | (6240) | (660) (660) (660)

2K 3x1.5-10A 12010 6 005 8 496 5058 570 570 8629 6 005 27 756 502 502 502
) (2700) | (1350) | (1910) | (8730) | (420) (420) | (1940) | (1350) | (6240) | (370) (370) (370)

2K 3x2-10A 12010 6 005 6 583 5058 420 420 8985 6 005 27 756 759 759 759
(2700) | (1350) | (1480) | (3730) | (310) (310) | (2020) | (1350) | (6240) | (560) (560) (560)

2K 3x2US-10 12010 6 005 6 583 5058 420 420 8985 6 005 27 756 759 759 759
(2700) | (1350) | (1480) | (3730) | (310 (310) | (2020) | (1350) | (6240) | (560) (560) (560)

2K 3x3R-10 12010 6 005 6 583 5058 420 420 8985 6 005 27 756 759 759 759
(2700) | (1350) | (1480) | (3730) | (310 (310) | (2020) | (1350) | (6240) | (560) (560) (560)

2K 4x3-10 and 10H 10 230 6 005 7 295 5058 420 420 8985 6 005 27 756 1980 1980 936
(2300) | (1350) | (1640) | (3730) | (310) (310) | (2020) | (1350) | (6240) | (1460) | (1460) | (690)

2K 4x3US-10H 10 230 6 005 7 295 5058 420 420 8985 6 005 27 756 1980 1980 936
(2300) | (1350) | (1640) | (3730) | (310 (310) | (2020) | (1350) | (6240) | (1460) | (1460) | (690)

2K 6x4-10 and 10H 12010 6 005 27 756 5058 1492 1492 8985 6 005 27 756 4204 4204 936
(2700) | (1350) | (6240) | (3730) | (1100) | (1100) | (2020) | (1350) | (6240) | (3100) | (3100) | (690)

12010 6 005 13 611 5058 909 909 8985 6 005 27 756 719 719 719

2K 3x1.5-13 and LF13 (2700) | (1350) | (3060) | (3730) | (670) (670) | (2020) | (1350) | (6240) | (530) (530) (530)

oK 3x2-13 8 540 5471 5471 5058 475 475 8985 6 005 27 756 1980 1980 936
(1920) | (1230) | (1230) | (3730) | (350) (350) | (2020) | (1350) | (6240) | (1460) | (1460) | (690)

2K 3x2US-13 8 540 5471 5471 5058 475 475 8985 6 005 27 756 1980 1980 936
(1920) | (1230) | (1230) | (3730) | (350) (350) | (2020) | (1350) | (6240) | (1460) | (1460) | (690)

12010 6 005 10 631 5058 542 542 8985 6 005 27 756 2346 2 346 936

2K 4x3-13 and 13HH (2700) | (1350) | (2390) | (3730) | (400) (400) | (2020) | (1350) | (6240) | (1730) | (1730) | (690)

oK 4x3US-13 12010 6 005 10 631 5058 542 542 8985 6 005 27 756 2346 2 346 936
(2700) | (1350) | (2390) | (3730) | (400) (400) | (2020) | (1350) | (6240) | (1730) | (1730) | (690)

2K 4x3R-13 12010 6 005 10 631 5058 542 542 8985 6 005 27 756 2346 2 346 936
(2700) | (1350) | (2390) | (3730) | (400) (400) | (2020) | (1350) | (6240) | (1730) | (1730) | (690)

oK 6x4-13A 12010 6 005 27 756 5058 6 753 1492 8985 6 005 27 756 2915 2915 936
(2700) | (1350) | (6240) | (3730) | (4980) | (1100) | (2020) | (1350) | (6240) | (2150) | (2150) | (690)

2K 6x4US-13A 12010 6 005 27 756 5058 6 753 1492 8985 6 005 27 756 2915 2915 936
(2700) | (1350) | (6240) | (3730) | (4980) | (1100) | (2020) | (1350) | (6240) | (2150) | (2150) | (690)

2K 6x4R-13 12010 6 005 27 756 5058 6 753 1492 8985 6 005 27 756 2915 2915 936
(2700) | (1350) | (6240) | (3730) | (4980) | (1100) | (2020) | (1350) | (6240) | (2150) | (2150) | (690)

3K 8x6-14A 28 289 14 145 22 596 12 163 1587 1587 28 289 14145 | 59870 9194 5221 3851
(6360) | (3180) | (5080) | (8970) | (1170) | (1170) | (6360) | (3180) | (13460) | (6780) | (3850) | (2840)

3K 10x8-14 28 289 14 145 59 870 12 163 3322 2915 28 289 14145 | 59870 12163 9790 3 851
(6360) | (3180) | (13460) | (8970) | (2450) | (2150) | (6360) | (3180) | (13460) | (8970) | (7220) | (2840)

3K 6x4-16 28289 | 14145 | 20327 | 12163 | 1431 1431 25465 | 12720 | 53888 | 8272 4699 3465
(6360) | (3180) | (4570) | (8970) | (1055) | (1055) | (5725) | (2860) | (12115) | (6100) | (3465) | (2555)

3K 8x6-16A 28289 14 145 29713 12 163 2007 2007 28 289 14145 | 59870 8895 5044 3851
(6360) | (3180) | (6680) | (8970) | (1480) | (1480) | (6360) | (3180) | (13460) | (6560) | (3720) | (2840)

3K 10x8-16 & 16HH 28289 | 14145 | 22818 | 12163 | 1532 1532 | 28289 | 14145 | 59870 | 12163 | 12285 | 3851
(6360) | (3180) | (5130) | (8970) | (1130) | (1130) | (6360) | (3180) | (13460) | (8970) | (9060) | (2840)

3K 10x8-17 28289 | 14145 | 22818 | 12163 | 1532 1532 | 28289 | 14145 | 59870 | 12163 | 12285 | 3851
(6360) | (3180) | (5130) | (8970) | (1130) | (1130) | (6360) | (3180) | (13460) | (8970) | (9060) | (2840)
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Figure 4-17: Maximum Y-axis loading for shaft deflection

Suction flange Discharge flange
Pump size Forces N (Ibf) Moments Nm (Ibf-ft) Forces N (Ibf) Moments Nm (Ibf-ft)
Fxs Fys Fzs Mxs Mys Mzs Fxd Fyd Fzd Mxd Myd Mzd
Group 1 _ -8 896 _ 12204 | 16272 | 1695 _ 6672 _ -678 2034 1695
P (-2 000) (900) (1200) | (1250) (1 500) (-500) (1500) | (1250)
Group 2 _ -15 568 _ 17628 | 1762.8 | 4068 _ 11120 _ -1627 2034 4068
P (-3500) (1300) | (1300) | (3000) (2 500) (-1200) | (1500) | (3000)
Group 3 _ -22 240 _ 2034 2712 5424 _ 13 344 _ -1 695 6780 5424
P (-5 000) (1500) | (2000) | (4000) (3 000) (-1250) | (5000) | (4000)

Figure 4-18: Maximum Z-axis loading for shaft deflection

Suction flange

Discharge flange

Pump size Forces N (Ibf) Moments Nm (Ibf-ft) Forces N (Ibf) Moments Nm (Ibf-ft)
Fxs Fys Fzs Mxs Mys Mzs Fxd Fyd Fzd Mxd Myd Mzd
Group 1 4670 _ -5560 | 2034 | 1627 | -3390 | 3558 | 8896 | -13344 | -2034 | 1356 | -3390
(1.050) (-1250) | (1500) | (1200) | (-2500) | (800) | (2000) | (-3000) | (-1500) | (1000) | (-2500)
Group 2 15 568 _ -6672 | 2034 | 1763 | -4746 | 6227 | 11120 | -14456 | -2034 | 2915 | -4 746
(3500) (-1500) | (1500) | (1300) | (-3500) | (1400) | (2500) | (-3250) | (-1500) | (2150) | (-3 500)
Group 3 15 568 _ -8896 | 2034 | 5560 | -5424 | 6672 | 17792 | -15568 | -2034 | 6780 | -5424
(3500) (-2000) | (1500) | (4100) | (-4 000) | (1500) | (4000) | (-3500) | (-1500) | (5000) | (-4 000)

4.6.4.2 Mark 3 In-Line pumps (ASME B73.2M)

4.6.4.2a Pump mounting

Review Pump mounting, section 4.3.

The pump may be mounted such that it is free to
move with the piping. The pump may be supported
by the piping, so that it is free to move in all

directions. The pump may also be supported

underneath the casing or by the optional pump stand

which is not bolted to the foundation. In these cases,
the pump is free to move with the piping in all

directions except for vertically downward.

The above mounting methods are recommended as
they reduce the piping loads applied to the pump. In
these cases, nozzle loads are limited only by the

casing limitations.

The pump may also be rigidly mounted, with the
optional pump stand bolted to the foundation. In this
case pump movement is restricted and piping loads

are applied to both the pump and stand. In this case,
nozzle loads are limited by both the casing and pump

stand limitations.

4.6.4.2b _Casing limitations

To simplify or eliminate additional calculations, the

In-Line casing may be treated as a spool of schedule
40 pipe with a diameter equal to the discharge, length
equal to the face to face dimension (SD) and material

equal to that of the casing. In cases where pump

movement is limited, the constraint may be placed at

the center of the spool. Stress in the pump flanges
and bolting should not be ignored. This method
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allows for the use of automated piping programs to
determine the acceptability of loads.

The casing limitations can also be determined by
ANSI/HI 9.6.2. All information necessary to complete
the evaluation is given below. For complete details
please review the standard.

a)

b)

Determine the appropriate casing “Nozzle load
material group” from figure 3-2.

Find the “Casing material correction factor” in
figure 4-11 based upon the “Nozzle load material
group” and operating temperature. Interpolation
may be used to determine the correction factor
for a specific temperature.

Multiply the allowable loads found in figure 4-20
by the material correction factor. Record the
adjusted loads.

Calculate the applied piping loads at the center of
the casing flanges according to the coordinate
system found in figure 4-19. The 12 forces and
moments possible are Fxs, Fys, Fzs, Mxs, Mys,
Mzs, Fxd, Fyd, Fzd, Mxd, Myd and Mzd. For
example, Fxd designates force in the “x” direction
on the discharge flange. Mys designates the
moment about the “y’-axis on the suction flange.
The absolute value of the applied suction load
divided by the corresponding adjusted load must
be less than or equal to one. Also, the absolute
value of the applied discharge load divided by
the corresponding adjusted load must be less
than or equal to one.

For example:

|_Fe |s1.0,| Fya |s1.0 ......................... _Mzo |10

|Fx_adj| | y_adj| Mz_adj
flowserve.com
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Figure 4-19
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4.6.4.2c_Pump stand limitations

In cases where the pump is rigidly mounted by the
pump stand, both the casing limitations and the pump
stand limitations must be satisfied. Due to the limited
load capacity of the pump stands, it may be
necessary to restrain the piping to prevent loads.

a) Ensure all applied loads are within the allowable
limits of the casing.
b) Translate the flange loads using the formulae
found in figure 4-21. Dimensional variables Sgs,
Srp and Rs can be found in figure 4-20.
c) Calculate Fr and Fy using the formulae found in
figure 4-21.
d) Frand Fy must be less than Fryax and Fyuax
found in figure 4-22.
e) Frand Fy must meet the combination formulae
found in figure 4-22.
Figure 4-20: Dimensional data and casing limitations
Dimensions Allowable casing loads (suction or discharge)
m (ft) Forces N (Ibf) Moments Nm (Ibf-ft)
SD SRd SRs Rs Fx Fy Fz Mx My Mz
o%1.5V-6 0.381 0.191 0.191 0.163 1824 17 685 1824 692 976 692
) (1.25) (0.625) | (0.625) (0.53) (410) (3976) (410) (510) (720) (510)
o%1.5V-8 0.432 0.229 0.203 0.163 1 601 17 685 1 601 692 976 692
) (1.42) (0.75) (0.67) (0.53) (360) (3976) (360) (510) (720) (510)
3x2V-7 0.432 0.203 0.229 0.163 2824 28 147 2824 1120 1722 1120
(1.42) (0.67) (0.75) (0.53) (635) (6 328) (635) (900) (1.270) (900)
3x1.5V-8 0.483 0.226 0.254 0.163 1 601 17 685 1 601 692 976 692
' (1.58) (0.74) (0.83) (0.53) (360) (3976) (360) (510) (720) (510)
2%1.5V-10A 0.483 0.229 0.254 0.197 1423 17 685 1423 692 976 692
: (1.58) (0.75) (0.83) (0.65) (320) (3976) (320) (510) (720) (510)
3x2V-10 0.508 0.241 0.267 0.197 2402 28 147 2402 1120 1722 1120
(1.67) (0.79) (0.88) (0.65) (540) (6 328) (540) (900) (1270) (900)
4x3V-10 0.635 0.292 0.343 0.197 2823 28 147 2823 1803 2549 1803
(2.08) (0.96) (1.13) (0.65) (638) (6 328) (638) (1330) | (1880) | (1330)
3x1.5V-13 0.61 0.292 0.318 0.248 1134 17 685 1134 692 976 692
' (2.00) (0.96) (1.04) (0.81) (255) (3976) (255) (510) (720) (510)
3x2V-13 0.61 0.292 0.318 0.248 2002 28 147 2002 1120 1722 1120
(2.00) (0.96) (1.04) (0.81) (450) (6 328) (450) (900) (1270) (900)
4x3V-13 0.711 0.33 0.381 0.248 2535 28 147 2535 1803 2549 1803
(2.33) (1.08) (1.25) (0.81) (570) (6 328) (570) (1330) | (1880) | (1330)
6x4V-13 0.762 0.356 0.406 0.248 2 891 83195 2891 2210 3119 2210
(2.50) (1.17) (1.33) (0.81) (650) (18704) | (650) (1630) | (2300) | (1630)

Figure 4-21: Pump stand load translation formulae

Forces

Moments

Fxc = Fxs + Fxo

Mxc = Mxs + Mxp + (Fzs x SRs) - (Fzp x SRp)

Fyvc = Fys + Fyo

Myc = Mys + Myp

Fzc=Fzs+F»m

MZC = MZS + MZD - (Fxs X SRs) + (FXD X SRD)

- MZC
Fr= ‘/{|FXC| + [0.707x -

: Hg k(0707

2
< E'Max

Fy = |cm|+

Mye| +|Myc|
0.707Rs

<Fn_ max
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Figure 4-22: Allowable stand loads
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Frmaxin N (Ibf) Fnmaxin N (Ibf) Combination loading in N (Ibf)
6P oumos 8020 108 531 Fu + (13.556) Fr < 108 531
pump (1 800) (24 400) Fuu+ (13.556) Fr < 24 400
8129 120 115 Fy + (0.0019) Fi2 - (0.941) Fy < 120 115
GP2 V-10 pumps (1.827) (27 004) Fu+ (0.0086) Fe? - (0.941) Fy < 27 004
6792 140 461 Fi+ (0.0018) FiZ + (8.453) Fy = 140 461
GP2 V-13 pumps (1 535) (31 579) Fy + (0.0079) F1? + (8.453) Fy < 31 579

4.6.5 Pump and shaft alignment check

After connecting the piping, rotate the pump drive
shaft clockwise (viewed from motor end) by hand
several complete revolutions to be sure there is no
binding and that all parts are free. Recheck shaft
alignment (see section 4.5). If piping caused unit to
be out of alignment, correct piping to relieve strain on
the pump.

4.6.6 Auxiliary piping

4.6.6.1 Mechanical seal

When the pump is intended to be equipped with a
mechanical seal, it is Flowserve standard practice to
install the mechanical seal in the pump prior to
shipment. Specific order requirements may specify
that the seal be shipped separately, or none be
supplied. It is the pump installer’s responsibility to
determine if a seal was installed. If a seal was
supplied but not installed, the seal and installation
instructions will be shipped with the pump.

A SAIon Failure to ensure that a seal is installed
may result in serious leakage of the pumped fluid.

Seal and seal support system must be installed and
operational as specified by the seal manufacturer.

The stuffing box/seal chamber/gland may have ports
that have been temporarily plugged at the factory to
keep out foreign matter. It is the installer’s
responsibility to determine if these plugs should be
removed and external piping connected. Refer to the
seal drawings and or the local Flowserve
representative for the proper connections.

4.6.6.2 Packing

When the pump is intended to be equipped with shaft
packing, it is not Flowserve standard practice to
install the packing in the stuffing box prior to
shipment. The packing is shipped with the pump. It
is the pump installer’s responsibility to install the
acking in the stuffing box.

ACAUIION Failure to ensure that the packing is
installed may result in serious leakage of the pumped
fluid.
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4.6.6.3 Piping connection — seal/packing support
system

/A\ CAUTION

If the pump has a seal support system
it is mandatory that this system be fully installed and
operational before the pump is started.

If packing is used:

4.6.6.3a Packing lubrication

Water, when compatible with the pumpage, should be
introduced into tap V ( fl%ure 4-23) at pressure 69 to
103 kPa (10 to 15 Ibf/in.?) above the stuffing box
pressure. The gland should be adjusted to give a flow
rate of 20 to 30 drops per minute for clean fluid. For
abrasive applications, the regulated flow rate should
be 0.06 to 0.13 I/s (1 to 2 US gpm).

Z- Figure 4-23
Grease lubrication, when compatible with the liquid
being pumped, may be used. Again, introduced into
tap V.

In non-abrasive applications the liquid being pumped
may be sulfficient to lubricate the packing without
need for external lines. Tap V should be plugged.

4.6.6.3b Abrasive packing arrangement

The installation procedures are the same as the standard
packing with some exceptions. A special lip seal is
installed first, followed by two seal cage assemblies, then
two of the packing rings provided (figure 4-24). A flush
line from a clean external source should be connected
viatap V, in the top of the stufflng box.

Ssal
= Seal Bage
- Packing

Figure 4-24

flowserve.com



L
FLOWSERVE
N

4.6.6.4 Piping connection - bearing housing
cooling system

Make connections as shown below. Liquid at less
than 32 °C (90 °F) should be supplied at a regulated
flow rate of at least 0.06 I/'s (1 US gpm).

1/2in 0.D. Tubing Figure 4-25

4.6.6.5 Piping connection - support leg cooling
for centerline mounting option

If the casing is centerline mounted, and the process
temperature is over 178 °C (350 °F), then the casing
support legs may need to be cooled. Cool water - less
than 32 °C (90 °F) - should be run through the legs at a
flow rate of at least 0.06 I/s (1 US gpm) as shown below.

Dutlet Outlet

Inlet Inlet Figure 4-26

4.6.6.6 Piping connection - heating/cooling fluid
for jacketed cover/casing

The piping connections for jacketed covers and
casings are shown below. The flow rate of the
cooling water - less than 32 °C (90 °F) - should be at
least 0.13 I/'s (2 US gpm).

Inlet for Steam or Self
Venting Outlet for Liquid

Inlet for Liguid ~ Drain  Suggested
or Self Draining ~ Plug  Plumbing to

Dutlet for Steam Obtain Drain
Condensate When Using
Liquid Figure 4-27
Discharge
Qutlet
- 3/4 NPT
Inlet/Vent/
s Outlet
=
S
& 3/4 NPT

InletVent/
Outiet  Figure 4-28
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Notes:

1. When circulating steam, use top hole for inlet. Both bottom
holes must be plumbed together for outlet, to ensure draining
both sides of jacket.

2. When circulating liquid use both bottom holes as inlets. Use top
hole as outlet.

4.6.6.7 Piping connection - Oil mist lubrication
system

The piping connections for an oil mist lubrication
system are shown below.

DIL MIST READY
HOUSING WET SUMP
Locate Vent Fitling

Above Horizontal
At Assy & 1/2 NPT

Beiow Honzonta 1/4 NPT
§ At Assy Opp Side Figure 4-29
OIL MIST READY

HOUSING DRY SUMP

Locate Vent Fitting

nqh;‘:;r: sl:n;nzurlial 12 NPT

Locate Pipe Plug 1NPT  1/4 NPT
Below Horizontal Opp Side

§ At Assy Figure 4-30

4.7 Electrical connections

DANGER Electrical connections must be made by
a qualified Electrician in accordance with relevant

local national and international regulations.

It is important to be aware of the EUROPEAN
DIRECTIVE on potentially explosive areas where
compliance with IEC60079-14 is an additional
requirement for making electrical connections.

It is important to be aware of the EUROPEAN
DIRECTIVE on electromagnetic compatibility when
wiring up and installing equipment on site.

Attention must be paid to ensure that the techniques
used during wiring/installation do not increase
electromagnetic emissions or decrease the
electromagnetic immunity of the equipment, wiring or
any connected devices. If in any doubt contact
Flowserve for advice.
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ADANGER The motor must be wired up in
accordance with the motor manufacturer’s

instructions (normally supplied within the terminal
box) including any temperature, earth leakage,
current and other protective devices as appropriate.
The identification nameplate should be checked to
ensure the power supply is appropriate.

A SAlon See section 5.4, Direction of rotation,
before connecting the motor to the electrical supply.

For close coupled pumps it is necessary to wire the
motor with flexible conduit of sufficient length to allow
the motor/power end assembly to be moved back
from the casing for maintenance.

4.8 Final shaft alignhment check

4.8.1 Horizontal pumps

a) Level baseplate if appropriate.

b) Mount and level pump if appropriate. Level the
pump by putting a level on the discharge flange.
If not level, adjust the footpiece as follows:

Mark 3A and ANSI 3 design

Add or delete shims [3126.1] between the
footpiece and the bearing housing.

Mark 3 design

Use the adjuster nut [6576] to adjust the
footpiece up or down.

c) Check initial alignment. If pump and driver have
been remounted or the specifications given below
are not met, perform an initial alignment as
described in section 4.5. This ensures there will
be sufficient clearance between the motor hold
down bolts and motor foot holes to move the
motor into final alignment. The pump and driver
should be within 0.38 mm (0.015 in.) FIM (full
indicator movement) parallel, and 0.0025 mm/mm
(0.0025 in./in.) FIM angular.

Stilt mounted baseplates

If initial alignment cannot be achieved with the motor
fasteners centered, the baseplate may be twisted.
Slightly adjust (one turn of the adjusting nut) the stilts
at the driver end of the baseplate and check for
alignment to the above tolerances. Repeat as
necessary while maintaining a level condition as
measured from the pump discharge flange.

d) Run piping to the suction and discharge to the
pump. There should be no piping loads
transmitted to the pump after connection is made.
Recheck the alignment to verify that there are no
significant changes.

e) Perform final alignment. Check for soft-foot under
the driver. An indicator placed on the coupling,
reading in the vertical direction, should not indicate
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more than 0.05 mm (0.002 in.) movement when
any driver fastener is loosened. Align the driver
first in the vertical direction by shimming
underneath its feet.

f)  When satisfactory alignment is obtained the
number of shims in the pack should be
minimized. It is recommended that no more than
five shims be used under any foot. Final
horizontal alignment is made by moving the
driver. Maximum pump reliability is obtained by
having near perfect alignment. Flowserve
recommends no more than 0.05 mm (0.002 in.)
parallel, and 0.0005 mm/mm (0.0005 in./in.)
angular misalignment. (See section 6.8.4.7.)

g) Operate the pump for at least an hour or until it
reaches final operating temperature. Shut the
pump down and recheck alignment while the pump
is hot. Piping thermal expansion may change the
alignment. Realign pump as necessary.

4.8.2 Close coupled pumps

Alignment between the pump shaft and motor shaft is
built in by precise machining of the parts that position
these shafts. Parallel alignment of 0.018 mm (0.007 in.)
and angular alignment of 0.002 mm/mm (0.002 in/in)
can be expected. If a more refined alignment is desired,
it can be accomplished with the “C-Plus” optional
alignment feature.

The C-Plus option requires that a spacer as shown in
section 8.9 be installed. Four adjusting screws are
used to push on the motor mounting studs to achieve
parallel alignment. The motor mounting fasteners
must be snug, but not tight during alignment. It may
be necessary to check the motor alignment with
motor fasteners tight. Corrections may be made until
the desired alignment is achieved. The motor
fasteners, adjusters and jam nuts should be tight.

4.8.3 In-Line pumps

The final field alignment follows the same procedure
as the initial alignment as described in section 4.5.2.
Maximum pump reliability is obtained by having near
perfect alignment. Flowserve recommends no more
than 0.05 mm (0.002 in.) parallel, and 0.0005 mm/mm
(0.0005 in./in.) angular misalignment.

4.9 Protection systems

@ The following protection systems are
recommended particularly if the pump is installed in a
potentially explosive area or is handling a hazardous
liquid. If in doubt consult Flowserve.
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If there is any possibility of the system allowing the
pump to run against a closed valve or below
minimum continuous safe flow a protection device
should be installed to ensure the temperature of the
liquid does not rise to an unsafe level.

If there are any circumstances in which the system
can allow the pump to run dry, or start up empty, a
power monitor should be fitted to stop the pump or
prevent it from being started. This is particularly

relevant if the pump is handling a flammable liquid.

If leakage of product from the pump or its associated
sealing system can cause a hazard it is recommended
that an appropriate leakage detection system is
installed.

To prevent excessive surface temperatures at
bearings it is recommended that temperature or
vibration monitoring is carried out.

5 COMMISSIONING, STARTUP,
OPERATION AND SHUTDOWN

& CAITiON These operations must be carried
out by fully qualified personnel.

5.1 Pre-commissioning procedure

5.1.1 Pre start-up checks

Prior to starting the pump it is essential that the

following checks be made. These checks are all

described in detail in the Maintenance section of this

manual.

e Pump and motor properly secured to the baseplate

¢ Remove the temporary motor supports installed
for shipping close coupled pumps

e All fasteners tightened to the correct torque

e Coupling guard in place and not rubbing

Rotation check, see section 5.4.

This is absolutely essential

Impeller clearance setting

Shaft seal properly installed

Seal support system operational

Bearing lubrication

Bearing housing cooling system operational

Support leg cooling for centerline mounting option

operational

e Heating/cooling for jacketed casing/cover
operational

e Pump instrumentation is operational

e Pump is primed

¢ Rotation of shaft by hand
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As a final step in preparation for operation, it is
important to rotate the shaft by hand to be certain that
all rotating parts move freely, and that there are no
foreign objects in the pump casing.

5.2 Pump lubricants

5.2.1 Oil bath

Oil bath is available on all product lines with the
exception of the In-Line pump. The standard bearing
housing bearings are oil bath lubricated and are not
lubricated by Flowserve. Before operating the pump,
fill the bearing housing to the center of the oil sight
glass with the proper type oil. (See figure 5-2 for
approximate amount of oil required - do not overfill.)

On the Mark 3A design, an optional oil slinger is
available. The oil slinger is not necessary; however,
if used, it provides an advantage by allowing a larger
tolerance in acceptable oil level. Without an oil
slinger, the oil level in the bearing housing must be
maintained at #3 mm (+'/gin.) from the center of the
sight glass. The sight glass has a 6 mm (¥4 in.) hole
in the center of its reflector. The bearing housing oil
level must be within the circumference of the center
hole to ensure adequate lubrication of the bearings.

See figure 5-3 for recommended lubricants. DO NOT
USE DETERGENT OILS. The oil must be free of
water, sediment, resin, soaps, acid and fillers of any
kind. It should contain rust and oxidation inhibitors.
The proper oil viscosity is determined by the bearing
housing operating temperature as given in figure 5-4.

To add oil to the housing, clean and then remove the
vent plug [6521] at the top of the bearing housing, pour
in oil until it is visually half way up in the sight glass
[3856]. Fill the constant level oiler bottle, if used, and
return it to its position. The correct oil level is obtained
with the constant level oiler in its lowest position, which
results in the oil level being at the top of the oil inlet pipe
nipple, or half way up in the sight glass window. Oil
must be visible in the bottle at all times.

Note that on ANSI 3A™ power ends there is no
constant level oiler. As stated above, proper oil level
is the center of the “bull’'s eye” sight glass [3856].
(See figure 5-1.)

Figure 5-1
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In many pumping applications lubricating oil becomes
contaminated before it loses its lubricating qualities or
breaks down. For this reason it is recommended that
the first oil change take place after approximately 160
hours of operation, at which time, the used oil should be
examined carefully for contaminants. During the initial
operating period monitor the bearing housing operating
temperature. Record the external bearing housing
temperature. See figure 5-5 for maximum acceptable
temperatures. The normal oil change interval is based

on temperature and is shown in figure 5-6.

Figure 5-3a: Recommended oil lubricants

Figure 5-2: Amount of oil required

Pump Mark 3 Mark 3A

Group 1 148 ml (5fl. 0z.) 251 ml (8.5fl. 0z.)

Group 2 560 ml (19 fl. 0z.) 946 ml (32 fl. 0z.)

Group 3 1419 ml (48 fl. 0z.) 1419 ml (48 fl. 0z.)
CAUTION .

A The maximum temperature that the

bearing can be exposed to is 105 °C (220 °F).

Centrifugal pump
lubrication

Oil Splash / force feed / oil mist lubrication
Viscosity
cStat 40 °C 3 46 68
Oil temp. range * °C -510 65 -5t078 -510 80
(°F) (-23 to 149) (-23t0 172) (-23t0 176)
Designation according HL/HLP 32 HL/HLP 46 HL/HLP 68

to DIN51502 ISO VG

BP Energol HL32

BP Energol HL46

BP Energol HL68

BP BP Energol HLP32 BP Energol HLP46 BP Energol HLP68
DEA Anstron HL32 Anstron HL46 Anstron HL68
Anstron HLP32 Anstron HLP46 Anstron HLP68
@ OLNA 32
] HYDRELEF 32 TURBELF SA46 TURBELF SA68
S TURBELF 32
s ELFOLNA DS32 ELFOLNA DS46 ELFOLNA DS68
2 Esso TERESSO 32 TERESSO 46 TERESSO 68
2 NUTO H32 NUTO H46 NUTO H68
: Mobil DTE oil light Mobil DTE oil medium Mobil DTE oil heavy medium
.ﬂE> Mobil Mobil DTE13M Mobil DTE15M Mobil DTE26
8 MobilDTE24 Mobil DTE25
£ Q8 Verdi 32 Q8 Verdi 46 Q8 Verdi 68
8 Q8 Haydn 32 Q8 Haydn 46 Q8 Haydn 68
8 Shell Shell Tellus 32 Shell Tellus 01 C 46 Shell Tellus 01 C 68
Shell Tellus 37 Shell Tellus 01 46 Shell Tellus 01 68
Texaco Rando Oil HD 32 Rando Oil 46 Rando Oil 68
Rando Oil HD-AZ-32 Rando Qil HD B-46 Rando Oil HD C-68
Wintershall Wiolan HN32 Wiolan HN46 Wiolan HN68
(BASF Group) Wiolan HS32 Wiolan HS46 Wiolan HS68

* Note that some oils have a greater Viscosity Index than the minimum acceptable of 95 (eg Mobil DTE13M) which may extend the
minimum temperature capability of the oil. Always check the grade capability where the ambient is less than -5 °C (-23 °F).

Figure 5-3b: Recommended lubricants

Figure 5-5: Maximum external housing temperatures

Mineral
oil

Quality mineral oil with rust and oxidation
inhibitors. Mobil DTE heavy/medium
(or equivalent)

Synthetic

Royal Purple or Conoco SYNCON (or equivalent).
Some synthetic lubricants require Viton O-rings.

Grease

EXXON POLYREX EM (or compatible) — horizontal
Polyurea with mineral oil
EXXON Unirex N3 (or compatible) — In-Line
Lithium Complex with mineral oil

Figure 5-4: Oil viscosity grades

Maximum oil ISO viscosity | Minimum
temperature grade viscosity index
Up to 71 °C (160 °F) 46 95

71-80 °C (160-175 °F) 68 95

80-94 °C (175-200 °F) 100 95
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Lubrication Temperature
QOil bath 82 °C (180 °F)
Oil mist 82 °C (180 °F)
Grease 94 °C (200 °F)

Figure 5-6: Lubrication intervals *

. Under 71 °C 71-80 °C 80-94 °C
Lubricant (160 °F) (160-175 °F) | (175-200 °F)
Grease 6 months 3 months 1.5 months
Mineral oil 6 months 3 months 1.5 months
Synthetic oil** | 18 months 18 months 18 months

* Assuming good maintenance and operation practices, and no
contamination.

** May be increased to 36 months with ANSI 3A™ power end.

*** Bearing temperatures up to 16 °C (30 °F) higher than housing.
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5.2.2 Grease

5.2.2.1 Regreasable

Single shielded regreasable bearings

When the grease lubrication option is specified,
single shielded bearings, grease fittings and vent pipe
lugs are installed inboard and outboard.

ACAUIION The orientation of the bearing shields
is different for horizontal pumps (Standard,
Sealmatic, Unitized, Recessed, and Lo-Flo - see
figure 5-7) and In-Line pumps (see figure 5-8).

Figure 5-7: Horizontal pump shield orientation

Shield
Outhoard Inboard
Bearing Bearing
Figure 5-8: In-Line pump shield orientation

Shield

\E

10 PEE—— Inboard

Outboard Bearing Bearing

Horizontal pump bearings are packed with Exxon
POLYREX EM grease prior to assembly. For
relubrication, a grease with the same type base
(polyurea) and oil (mineral) should be used. In the
case of the In-Line pump the bearings are packed
with Exxon Unirex N3 grease. For relubrication, a
grease with the same type base (lithium) and oil
(mineral) should be used. To regrease, remove the
pipe plug from both the inboard and outboard bearing
location. (See figure 5-9.) After relubricating the
bearings three times, it is typically recommended that
the bearing housing is cleaned out.

/A\ CAUTION , ,

To regrease bearings under coupling
guard, stop pump, lock the motor, remove coupling
guard, and then regrease the bearings.

The amount of grease required for horizontal pumps
is shown in figure 5-10 and for In-Line pumps in
figure 5-11.
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Figure 5-9: Regreasable configuration

1/8 NPT
Grease Fitting
and Relief
Pipe Plug
(Outboard
Bearing)

Side View

Bearing Housing
Coupling End View

Bearing Carrier
Coupling End View

1/8 NPT
Grease Fitting
and Relief
Pipe Plug

Figure 5-10: Horizontal lubrication amounts

Housing Initial lube Relubrication
. Until grease 3 3
Group 1 inboard comes out of plug 7.5cm’ (0.46in.°)
Until grease

Group 1 outboard

comes out of plug

14 cm® (0.85 in.%)

Group 1 duplex

34cm®(2.1in.%)

17 cm® (1.0in.%)

Group 2 inboard

Until grease
comes out of plug

17 cm® (1.0in.%)

Group 2 outboard

Until grease
comes out of plug

28.cm® (1.7in.%)

Group 2 duplex

68 cm® (4.1in.%)

34cm® (2.1in.%)

. Until grease 3 .3

Group 3 inboard comes out of plug 30cm” (1.8in.%)
Until grease 3 .3

Group 3 outboard comes out of plug 54 cm® (3.3in.”)
Group 3 duplex 115¢cm® (7.0in%) | 60 cm® (3.7in.%)

Figure 5-11: In-L

ine lubrication amounts

Housing location

New bearing

Relubrication

Group 1 inboard

10 cm® (0.6 in.%)

7.5 cm® (0.46 in.%)

Group 1 outboard

20.5 cm® (1.3in.%)

14 cm® (0.85in.%)

Group 2 inboard

16.4 cm® (1.0 in.%)

17 cm® (1.0in.%)

Group 2 outboard

47.4cm® (2.9in.%)

28 cm® (1.71in.5)

*If new bearings are not lubricated, they should be packed prior to

installation and the housing lubricated as described above.

/A\ CAUTION

may be drastically reduced.

5.2.2.1 Grease for life

Do not fill the housing with oil when
greased bearings are used. The oil will leach the
grease out of the bearings and the life of the bearings

Double shielded or double sealed bearings

These bearings are packed with grease by the
bearing manufacturer and should not be relubricated.
The replacement interval for these bearings is greatly
affected by their operating temperature and speed.
Shielded bearings typically operate cooler.
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5.2.3 Oil mist

The inlet port for all horizontal pumps is the plugged
Y2 in. NPT located at the top of the bearing housing.
A vent fitting has been supplied on the bearing carrier
as well as a plugged 2 in. NPT bottom drain on the
bearing housing. See section 4.6.6.7, Oil mist
lubrication system. Do not allow oil level to remain
above the center of the bearing housing sight glass
window with purge mist (wet sump) systems.

The optional oil slinger must not be used with an oil
mist system.

There are two inlet ports for In-Line pumps. In addition
to the connection described above a second inlet is
made at the % in. NPT plugged port on the bearing
carrier [3240]. A vent fitting has been supplied on the
bearing carrier as well as a plugged % in. NPT bottom
drain on the bearing housing for Group 1 pumps and on
the adapter [1340] for Group 2 pumps.

5.3 Impeller clearance

The impeller clearance was set at the factory based
on the application temperature at the time the pump
was purchased. (See figure 5-12.) For a reverse
vane impeller the clearance is set to the cover while
the open impeller clearance is set to the casing. If
the process temperature changes the impeller
clearance must be reset. (See section 6.6.)

Figure 5-12: Impeller clearance settings

Temperature °C (°F) Clearance mm (in.)
<93 (200) 0.46 + 0.08 (0.018 + 0.003)

93 to 121 (200 to 250) 0.53 (0.021)

122 to 149 (251 to 300) 0.61 (0.024)

150 to 176 (301 to 350) 0.69 (0.027)

177 to 204 (351 to 400) 0.76 (0.030)

205 to 232 (401 to 450) 0.84 (0.033)
>232 (450) 0.91 (0.036)

Notes:

1. For 3x1.5-13 and 3x2-13 at 3500 rpm add 0.08 mm (0.003 in.).

2. Rotation of bearing carrier from center of one lug to center of
next results in axial shaft movement of 0.1 mm (0.004 in.).

3. Reverse vane impeller set to cover, open impeller to casing.

5.4 Direction of rotation
5.4.1 Rotation check

A SAmon It is absolutely essential that the
rotation of the motor be checked before connecting
the shaft coupling. Incorrect rotation of the pump, for
even a short time, can dislodge and damage the
impeller, casing, shaft and shaft seal. All Mark 3
pumps turn clockwise as viewed from the motor end.
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A direction arrow is cast on the front of the casing as
shown in figure 5-13. Make sure the motor rotates in
the same direction.

F

Figure 5-13

5.4.2 Coupling installation

ACAUTION The coupling (figure 5-14) should be
installed as advised by the coupling manufacturer.
Pumps are shipped without the spacer installed. If
the spacer has been installed to facilitate alignment,
then it must be removed prior to checking rotation.
Remove all protective material from the coupling and
shaft before installing the coupling.

-

Figure 5-14

5.5 Guarding

A ool Power must never be applied to the
driver when the coupling guard is not installed.

Flowserve coupling guards are safety devices intended
to protect workers from inherent dangers of the rotating
pump shaft, motor shaft and coupling. It is intended to
prevent entry of hands, fingers or other body parts into a
point of hazard by reaching through, over, under or
around the guard. No standard coupling guard provides
complete protection from a disintegrating coupling.
Flowserve cannot guarantee their guards will
completely contain an exploding coupling.

5.5.1 Clam shell guard - standard

The standard coupling guard for all Mark 3 pumps is the
“clam shell” design and is shown in figure 5-15. ltis
hinged at the top and it can be removed by loosening
one of the foot bolts and sliding the support leg out from
under the cap screw. Note that the foot is slotted. The
leg can then be rotated upward and half of the guard
can be disengaged (unhinged) from the other.
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Only one side of the guard needs to be removed. To
reassemble simply reverse the above procedure.

;,(
S

Figure 5-15

The coupling guard shown in figure 5-15 conforms to
the USA standard ASME B15.1, “Safety standard for
mechanical power transmission apparatus.”
Flowserve manufacturing facilities worldwide conform
to local coupling guard regulations.

5.5.2 ClearGuard™ - optional

Flowserve offers as an option a ClearGuard™, which
allows you to see the condition of the coupling (see
figure 5-16). This guard can be used in place of the
existing clamshell guard described above.
Disassembly of the ClearGuard™ is accomplished by
removing the fasteners that hold the two guard halves
together followed by removing the foot bolts and
rotating the support leg out of the slot on the guard.

Figure 5-16

5.5.3 Trimming instructions

In order to correctly fit the pump/motor configuration,
each guard must be trimmed to a specific length.
This trimming is done on the motor end of the guard.

a) Measure minimum distance from the center of
mounting hole in the baseplate to the motor.
(If clam shell guard proceed to step c.)

b) Locate a reference center in the slot of the
ClearGuard™ coupling guard flange, see figure
5-17. Transfer the length measurement to the
guard using this reference center.

c) Trim the motor end of the guard according to the
above measurement. Trimming is best done with
a band saw, but most other types of manual or
power saws give acceptable results. Care must
be taken to ensure that there is no gap larger
than 6 mm (0.24 in.) between the motor and the
coupling guard.
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Note:
d) If motor diameter is smaller than guard

diameter, trim guard so that it extends over the
end of the motor as far as possible.

e) Deburr the trimmed end with a file or a sharp
knife if ClearGuard™. Care must be taken to
eliminate all sharp edges.

— - Reference
" center
Trim this end

Figure 5-17

5.5.4 Assembly instructions

Clam shell guard

a) Mount support leg to each clam shell, figure 5-15.
b) Attach one half of the guard to the baseplate.
c) Engage the tabs of guard halves together.

d) Attach the second support leg to the baseplate.

ClearGuard™

a) Place the bottom and top halves of the guard
around the coupling.

b) Install the support legs by inserting and then
rotating the tab on the leg through the slot in the
guard until it comes through and locks the top
and bottom halves of the guard together.

c) Attach the support legs to the baseplate using the
fasteners and washers provided.

d) Install fasteners in the holes provided to secure
the guard flanges together.

5.6 Priming and auxiliary supplies

The Mark 3 standard, Sealmatic, Recessed Impeller,
Lo-Flo, and In-Line centrifugal pump will not move liquid
unless the pump is primed. A pump is said to be
“primed” when the casing and the suction piping are
completely filled with liquid. Open discharge valves a
slight amount. This will allow any entrapped air to
escape and will normally allow the pump to prime, if the
suction source is above the pump. When a condition
exists where the suction pressure may drop below the
pump’s capability, it is advisable to add a low-pressure
control device to shut the pump down when the
pressure drops below a predetermined minimum.
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The Mark 3 Unitized self-priming centrifugal pumps
have a slightly different requirement regarding
priming. The initial priming liquid must be added to
the pump casing until the liquid has reached the
bottom of the suction nozzle. Once the initial prime is
in place, the pump will automatically replenish itself
and additional priming liquids are not normally
needed. If liquid is lost, additional priming liquid may
be needed.

5.7 Starting the pump

a) Open the suction valve to full open position. It is
very important to leave the suction valve open while
the pump is operating. Any throttling or adjusting of
flow must be done through the discharge valve.
Partially closing the suction valve can create
serious NPSH and pump performance problems.

b) ACAUHON Never operate pump with both the
suction and discharge valves closed. This could
cause an explosion.

c) Ensure the pump is primed. (See section 5.6.)

d) All cooling, heating, and flush lines must be
started and regulated.

e) Start the driver (typically, the electric motor).

f) Slowly open the discharge valve until the desired
flow is reached, keeping in mind the minimum
continuous flow listed in section 3.4.

ACAUTION It is important that the discharge
valve be opened within a short interval after
starting the driver. Failure to do this could cause
a dangerous build up of heat, and possibly an
explosion.

5.8 Running or operation

5.8.1 Minimum continuous flow

Minimum continuous stable flow is the lowest flow at
which the pump can operate and still meet the bearing
life, shaft deflection and bearing housing vibration limits
documented in the latest version of ASME B73.1M.
Pumps may be operated at lower flows, but it must be
recognized that the pump may exceed one or more of
these limits. For example, vibration may exceed the
limit set by the ASME standard. The size of the pump,
the energy absorbed, and the liquid pumped are some
of the considerations in determining the minimum
continuous flow (MCF).

The minimum continuous flow (capacity) is established
as a percentage of the best efficiency point (BEP). (See
section 3.4.4.)
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5.8.2 Minimum thermal flow

All Mark 3 pumps also have a minimum thermal flow.
This is defined as the minimum flow that will not
cause an excessive temperature rise. Minimum
thermal flow is application dependent.

& SAInON Do not operate the pump below
minimum thermal flow, as this could cause an excessive
temperature rise. Contact a Flowserve sales engineer
for determination of minimum thermal flow.

Avoid running a centrifugal pump at drastically reduced
capacities or with discharge valve closed for extended
periods of time. This can cause severe temperature
rise and the liquid in the pump may reach its boiling
point. If this occurs, the mechanical seal will be
exposed to vapor, with no lubrication, and may score or
seize to the stationary parts. Continued running under
these conditions when the suction valve is also closed
can create an explosive condition due to the confined
vapor at high pressure and temperature.

Thermostats may be used to safeguard against over
heating by shutting down the pump at a predetermined
temperature.

Safeguards should also be taken against possible
operation with a closed discharge valve, such as
installing a bypass back to the suction source. The size
of the bypass line and the required bypass flow rate is a
function of the input horsepower and the allowable
temperature rise.

5.8.3 Reduced head

Note that when discharge head drops, the pump’s
flow rate usually increases rapidly. Check motor for
temperature rise as this may cause overload. If
overloading occurs, throttle the discharge.

5.8.4 Surging condition

A rapidly closing discharge valve can cause a
damaging pressure surge. A dampening
arrangement should be provided in the piping.

5.8.5 Operation in sub-freezing conditions

When using the pump in sub-freezing conditions
where the pump is periodically idle, the pump should
be properly drained or protected with thermal devices
which will keep the liquid in the pump from freezing.
High chrome iron pumps are not recommended for
applications below -18 °C (0 °F).
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5.9 Stopping and shutdown

5.9.1 Shutdown considerations

When the pump is being shutdown, the procedure
should be the reverse of the start-up procedure.
First, slowly close the discharge valve, shut down the
driver, and then close the suction valve. Remember
that closing the suction valve while the pump is
running is a safety hazard and could seriously
damage the pump and other equipment.

5.9.2 Shutdown - Mark 3 Self-Priming

At shutdown, the liquid in the discharge piping falls
back into the priming chamber and washes through
the impeller into the suction. The backflow creates a
siphon effect in the casing until the liquid level falls
below the bottom of the suction nozzle. The inertia of
the flow pulls fluid from the priming chamber to a
level lower than the initial priming fill. Though the
level is lower, there is still sufficient fluid in the
priming chamber to allow the pump to reprime itself.

5.10 Hydraulic, mechanical and electrical
duty

5.10.1 Net positive suction head (NPSH)

Net positive suction head - available (NPSH,) is the
measure of the energy in a liquid above the vapor
pressure. ltis used to determine the likelihood that a
fluid will vaporize in the pump. It is critical because a
centrifugal pump is designed to pump a liquid, not a
vapor. Vaporization in a pump will result in damage to
the pump, deterioration of the Total differential head
(TDH), and possibly a complete stopping of pumping.

Net positive suction head - required (NPSHR) is the
decrease of fluid energy between the inlet of the
pump, and the point of lowest pressure in the pump.
This decrease occurs because of friction losses and
fluid accelerations in the inlet region of the pump and
particularly accelerations as the fluid enters the
impeller vanes. The value for NPSHg for the specific
pump purchased is given in the pump data sheet, and
on the pump performance curve.

For a pump to operate properly the NPSH, must be
greater than the NPSHg. Good practice dictates that
this margin should be at least 1.5 m (5 ft) or 20%,
whichever is greater.

ACAU’ION Ensuring that NPSH, is larger than
NPSHg by the suggested margin will greatly enhance
pump performance and reliability. It will also reduce
the likelihood of cavitation, which can severely
damage the pump.
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5.10.2 Specific gravity (SG)

Pump capacity and total head in meters (feet) of
liquid do not change with SG, however pressure
displayed on a pressure gauge is directly proportional
to SG. Power absorbed is also directly proportional
to SG. ltis therefore important to check that any
change in SG will not overload the pump driver or
overpressurize the pump.

5.10.3 Viscosity

For a given flow rate the total head reduces with
increased viscosity and increases with reduced
viscosity. Also for a given flow rate the power
absorbed increases with the increased viscosity, and
reduces with reduced viscosity. It is important that
checks are made with your nearest Flowserve office if
changes in viscosity are planned.

5.10.4 Pump speed

Changing the pump speed affects flow, total head,
power absorbed, NPSHg, noise and vibration levels.
Flow varies in direct proportion to pump speed. Head
varies as speed ratio squared. Power varies as speed
ratio cubed. If increasing speed it is important to ensure
the maximum pump working pressure is not exceeded,
the driver is not overloaded, NPSH, > NPSHg and that
noise and vibration are within local requirements and
regulations.

6 MAINTENANCE

A It is the plant operator’s responsibility to ensure
that all maintenance, inspection and assembly work
is carried out by authorized and qualified personnel
who have adequately familiarized themselves with
the subject matter by studying this manual in detail.
(See also section 1.6.2.)

Any work on the machine must be performed when it
is at a standstill. It is imperative that the procedure
for shutting down the machine is followed, as
described in section 5.9.

On completion of work all guards and safety devices
must be re-installed and made operative again.
Before restarting the machine, the relevant
instructions listed in section 5, Commissioning, start
up, operation and shut down must be observed.

Oil and grease leaks may make the ground
slippery. Machine maintenance must always
begin and finish by cleaning the ground and the
exterior of the machine.
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If platforms, stairs and guard rails are required for
maintenance, they must be placed for easy access to
areas where maintenance and inspection are to be
carried out. The positioning of these accessories
must not limit access or hinder the lifting of the part to
be serviced.

When air or compressed inert gas is used in the
maintenance process, the operator and anyone in the
vicinity must be careful and have the appropriate
protection.

Do not spray air or compressed inert gas on skin.
Do not direct an air or gas jet towards other people.

Never use air or compressed inert gas to clean
clothes.

Before working on the pump, take measures to
prevent the pump from being accidentally started.
Place a warning sign on the starting device:
"Machine under repair: do not start."”

With electric drive equipment, lock the main switch
open and withdraw any fuses. Put a warning sign on
the fuse box or main switch:

"Machine under repair: do not connect."”

Never clean equipment with flammable solvents or
carbon tetrachloride. Protect yourself against toxic
fumes when using cleaning agents.

Refer to the parts list shown in section 8 for item
number references used throughout this section.

6.1 Maintenance schedule

@ It is recommended that a maintenance plan and
schedule be implemented, in accordance with these
User Instructions, to include the following:

a) Any auxiliary systems installed must be monitored,
if necessary, to ensure they function correctly.

b) Gland packing must be adjusted correctly to give
visible leakage and concentric alignment of the
gland follower to prevent excessive temperature
of the packing or follower.

c) Check for any leaks from gaskets and seals. The
correct functioning of the shaft seal must be
checked regularly.

d) Check bearing lubricant level, and the remaining
hours before a lubricant change is required.

e) Check that the duty condition is in the safe
operating range for the pump.
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f)  Check vibration, noise level and surface temperature
at the bearings to confirm satisfactory operation.

g) Check dirt and dust is removed from areas around
close clearances, bearing housings and motors.

h) Check coupling alignment and re-align if necessary

6.1.1 Preventive maintenance

The following sections of this manual give instructions
on how to perform a complete maintenance overhaul.
However, it is also important to periodically repeat the
Pre start-up checks listed in section 5.1. These
checks will help extend pump life as well as the
length of time between major overhauls.

6.1.2 Need for maintenance records

A procedure for keeping accurate maintenance
records is a critical part of any program to improve
pump reliability. There are many variables that can
contribute to pump failures. Often long term and
repetitive problems can only be solved by analyzing
these variables through pump maintenance records.

6.1.3 Cleanliness

One of the major causes of pump failure is the

presence of contaminants in the bearing housing.

This contamination can be in the form of moisture,

dust, dirt and other solid particles such as metal

chips. Contamination can also be harmful to the
mechanical seal (especially the seal faces) as well as
other parts of the pump. For example, dirt in the
impeller threads could cause the impeller to not be
seated properly against the shaft. This, in turn, could
cause a series of other problems. For these reasons,
it is very important that proper cleanliness be
maintained. Some guidelines are listed below.

e After draining the oil from the bearing housing,
periodically send it out for analysis. If it is
contaminated, determine the cause and correct

e The work area should be clean and free from
dust, dirt, oil, grease etc

e Hands and gloves should be clean

e Only clean towels, rags and tools should be used

6.2 Spare parts

The decision on what spare parts to stock varies greatly
depending on many factors such as the criticality of the
application, the time required to buy and receive new
spares, the erosive/corrosive nature of the application,
and the cost of the spare part. Section 8 identifies all of
the components that make up each pump addressed in
this manual. Please refer to the Flowserve Mark 3
Pump Parts Catalog for more information. A copy of
this book can be obtained from your local Flowserve
sales engineer or distributor/representative.
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CAUTION . e -
A Prior to resizing impellers in high
chrome iron and nickel, please consult your local
Flowserve sales representative.

6.2.1 Ordering of spare parts
Flowserve keeps records of all pumps that have been
supplied. Spare parts can be ordered from your local
Flowserve sales engineer or from a Flowserve
distributor or representative. When ordering spare
parts the following information should be supplied:

1)  Pump serial number
2) Pump size and type
3) Part name — see section 8
4) Part item number — see section 8
5) Material of construction (alloy)

6) Number of parts required
The pump size and serial number can be found on
the nameplate located on the bearing housing. (See
figure 3-1.)

6.3 Recommended spares and

consumable items
Mechanical process fluid seals, bearing housing lip
seals, bearings, shafting, impeller, and gaskets.

6.4 Tools required
A typical range of tools that will be required to
maintain these pumps is listed below.

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

Standard hand tools SAE
e Hand wrenches
Socket wrenches
Allen wrenches

Soft mallet
Screwdrivers

Specialized equipment

e Bearing pullers

Bearing induction heaters

Dial indicators

Spanner wrench

Flowserve Mark 3 tool kit (see below)

To simplify maintenance, it is recommended that the
Flowserve Mark 3 tool kit (shown in figure 6-1) is used.
This tool kit includes a handy impeller wrench, which
simplifies installation and removal of the impeller. It also
contains “nose cones” which protect shaft threads and
O-rings during maintenance. This tool kit can be
ordered from your local Flowserve sales engineer or
from a Flowserve distributor or representative.

Figure 6-1

6.5 Fastener torques

Figure 6-2: Recommended bolt torques
Item Description s;‘r,:lﬁk:ricated s;‘r,:lﬁgricated Scl;‘r):lﬂlfricated
[6570.12] | Bearing retainer cap screws - standard bearings n/a n/a %/16in. — 16 Nm (12 Ibfeft)
[6570.12] | Bearing retainer cap screws - duplex bearings %,6in. —6 Nm (4 Ibfeft) %,6in. —6 Nm (4 Ibfeft) %6 in. —16 Nm (12 Ibfeft)
[6570.5] | Bearing housing/adapter cap screws and nuts n/a Y2in. — 54 Nm (40 Ibfsft) % in. — 122 Nm (90 Iofft)
[6580.2] | Mechanical seal gland studs/nuts, with gasket | % in.— 16 Nm (12 Ibfsft) | % in. — 16 Nm (12 Ibfeft) Y2in. —41 Nm (30 Ibfeft)
[6580.2] | Mechanical seal gland studs/nuts, with O-ring Y% in.— 27 Nm (20 Ibfeft) | % in. — 27 Nm (20 lofeft) Y2in. — 54 Nm (40 Ibfeft)
[6580.1] |Casing studs/nuts Vein.— 41 Nm @0 loify) |12~ g] n Egg :mg Jen.— 130 8m E] gg :mg
[6570.2] | Cap screw cover/adapter (token bolts) Y% in.—27 Nm (20 Ibfft) | % in.—27 Nm (20 Ibfeft) | 2in. — 54 Nm (40 Ibfft)
[6570.3] |Bearing carrier set screws Y% in.—16 Nm (12 Ibfft) | %2in.—41 Nm (30 Ibfeft) | 2in.—41 Nm (30 Ibfft)
[6570.4] | Cap screw foot Y2in. — 54 Nm (40 Ibfeft) |%4in.—217 Nm (160 Ibfft) | 1 in. —300 Nm (228 Ibfft)
[6570.13] | Cap screws - repeller cover to cover n/a % in.— 16 Nm (12 Ibfsft) | 2in. — 41 Nm (30 Ibf«ft)
[6570.15] | Cap screw — bearing housing Y2in. — 54 Nm (40 Ibfeft) | %2in. — 54 Nm (40 Ibfeft) n/a

[3712] |Bearing Locknut 27 +4/-0 Nm (20 +5/-0 Ibfeft) |54 +7/-0 Nm (40 +5/-0 Ibfeft) | 95 +7 /-0 Nm (70 +5 /-0 Ibfeft)

Notes: 1. For lubricated or PTFE-coated threads, use 75% of the values given.
2. Gasket joint torque values are for unfilled PTFE gaskets. Other gasket materials may require additional torque to seal.
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Exceeding metal joint torque values is not recommended.

flowserve.com




L
FLOWSERVE
N

6.6 Setting impeller clearance and
impeller replacement

A new impeller gasket [4590.2] must be installed
whenever the impeller has been removed from the
shaft. Impeller clearance settings may be found in
section 5.3. Impeller balancing instruction may be
found in section 6.8.

Note:

Mark 3 Unitized Self-Priming pumps require
that the outside diameter of the impeller be 3 mm
(0.125 in.) from the casing cutwater. If this close
clearance is not maintained the pump may not prime.

/A\ CAUTION : .

Do not adjust the impeller clearance
with the seal set. Doing so may result in seal leakage
and/or damage.

ACAUTION The impeller could have sharp edges,
which could cause an injury. It is very important to
wear heavy gloves.

/I\ CAUTION | .

It is recommended that two people
install a Group 3 impeller. The weight of a Group 3
impeller greatly increases the chance of thread
damage and subsequent lock-up concerns.

ACAUTION Do not attempt to tighten the impeller
on the shaft by hitting the impeller with a hammer or
any other object or by inserting a pry bar between the
impeller vanes. Serious damage to the impeller may
result from such actions.

ACAUTION Care should be taken in the handling
of high chrome iron impellers

Install the impeller [2200] by screwing it onto the shaft
(use heavy gloves) until it firmly seats against the
shaft shoulder.

Tighten the impeller with the impeller wrench from the
Flowserve Mark 3 tool kit. To do this, grasp the
impeller in both hands and, with the impeller wrench
handle to the left (viewed from the impeller end of the
shaft - figure 6-3) spin the impeller forcefully in a
clockwise direction to impact the impeller wrench
handle on the work surface to th

right (figure 6-4).

Figure 6-3
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Figure 6-4

6.6.1 Installation and clearance setting for
reverse vane impellers on Mark 3 Standard,
Unitized self-priming, In-Line and open vane
impeller on the recessed impeller pump
Flowserve reverse vane impellers and recessed open
impellers are set off the cover. This allows the
impeller to be set without the casing.

Set the impeller clearance by loosening the set
screws [6570.3] and rotating the bearing carrier
[3240] to obtain the proper clearance. Turn the
bearing carrier counter-clockwise until the impeller
comes into light rubbing contact with the rear cover.
Rotating the shaft at the same time will accurately
determine this zero setting. Now, rotate the bearing
carrier clockwise to get the proper clearance. Refer
to figure 5-12 for the proper impeller clearance based
on the operating temperature for the application.

Rotating the bearing carrier the width of one of the
indicator patterns cast into the bearing carrier moves the
impeller axially 0.1 mm (0.004 in.). (See figure 6-5.)

N1/

Indicator
pattern

Rotation equivalent
to 0.1 mm (0.004 in)
axial movement
Figure 6-5

Determine how far to rotate the bearing carrier by
dividing the desired impeller clearance by 0.1 mm
(0.004 in) (one indicator pattern). Tightening the set
screws [6570.3] will cause the impeller to move

0.05 mm (0.002 in.) closer to the rear cover because
of the internal looseness in the bearing carrier
threads. This must be considered when setting the
impeller clearance. Rotate the bearing carrier
clockwise the required amount to get the desired
clearance to the cover.
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Note:

Lastly, uniformly tighten the set screws

[6570.3] in incremental steps up to the final torque
value to lock the bearing carrier in

Figure 6.6
Example: If a pump was to be placed in a service with
an operating temperature of 100 °C (212 °F) the
impeller setting would be 0.53 mm (0.021 in.) off the
rear cover plate. Since it is necessary to add 0.05 mm
(0.002 in.) for the movement caused by tightening the
set screws an adjustment of 0.58 mm (0.023 in.) is
needed. First turn the bearing carrier counter-clockwise
until the impeller comes into light rubbing contact with
the rear cover. To determine the number of indicator
patterns that you will need to rotate the carrier, divide
0.10 into the desired setting;

0.58/0.10 = 5.8 (0.023 / 0.004 = 5.8). Rotate the
bearing carrier clockwise 6 indicator patterns which
will give a clearance of 0.60 mm (0.024 in.).

Flowserve suggests that a felt tip pen be used to
mark an initial reference point on the bearing housing
and the bearing carrier as shown in figure 6-6.

Then make a second mark on the bearing carrier 6
indicator patterns counter-clockwise from the initial
reference point. Rotate the bearing carrier clockwise
until the second mark on the bearing carrier lines up
with the initial reference point mark on the bearing
housing. Lastly, uniformly tighten the set screws
[6570.3] in incremental steps up to the final torque
value to lock the bearing carrier in place.

6.6.2 Installation and clearance setting for front
vane open style impeller on Mark 3 Standard,
Unitized self-priming, Lo-Flo, and In-Line pumps
Like all front vane open style impellers, the Flowserve
open impeller clearance must be set off the casing.
The casing must be installed to accurately set the
impeller clearance. (Realizing that this can be very
difficult, Flowserve strongly promotes the use of
reverse vane impellers, which do not require the
presence of the casing to be properly set.)

Attach the power end/rear cover plate assembly to

the casing. Now set the impeller clearance by
loosening the set screws [6570.3] and rotating the
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bearing carrier [3240] to obtain the proper clearance.
Turn the bearing carrier clockwise until the impeller
comes into light rubbing contact with the casing.
Rotating the shaft at the same time will accurately
determine this zero setting. Now, rotate the bearing
carrier counter-clockwise to get the proper clearance.
Refer to figure 5-12 for the proper impeller clearance.

Rotating the bearing carrier the width of one of the
indicator patterns cast into the bearing carrier moves the
impeller axially 0.1 mm (0.004 in.). (See figure 6-5.)

Determine how far to rotate the bearing carrier by
dividing the desired impeller clearance by 0.1 mm
(0.004 in.) (one indicator pattern). Tightening the set
screws [6570.3] will cause the impeller to move

0.05 mm (0.002 in.) away from the casing because of
the internal looseness in the bearing carrier threads.
This must be considered when setting the impeller
clearance. Rotate the bearing carrier counter-
clockwise the required amount to get the desired
clearance to the casing.

Note:

Lastly, uniformly tighten the set screws
[6570.3] in incremental steps up to the final torque
value to lock the bearing carrier in place.

See section 5.3 for impeller clearance settings.

Example: If a pump was to be placed in a service with
an operating temperature of 150 °C (302 °F) the
impeller setting would be 0.69 mm (0.027 in.) off the
casing. Since it is necessary to subtract 0.05 mm
(0.002 in.) for the movement caused by tightening the
set screws an adjustment of 0.64 mm (0.025 in.) is
needed. First, turn the bearing carrier clockwise until
the impeller comes into light rubbing contact with the
casing. To determine the number of indicator patterns
that you will need to rotate the carrier, divide 0.10 into
the desired setting;

0.64/0.10 =6.4 (.025/0.004 = 6.3). Rotate the
bearing carrier counter-clockwise 6.5 indicator patterns
which will give a clearance of 0.65 mm (0.026 in.).
Flowserve suggests that a felt tip pen be used to mark
an initial reference point on the bearing housing and the
bearing carrier as shown in figure 6-6. Then make a
second mark on the bearing carrier 6.5 indicator
patterns clockwise from the initial reference point.
Rotate the bearing carrier counter-clockwise until the
second mark on the bearing carrier lines up with the
initial reference point mark on the bearing housing.
Lastly, uniformly tighten the set screws [6570.3] in
incremental steps up to the final torque value to lock the
bearing carrier in place. The impeller is now set for an
impeller setting of 0.7 mm (0.028 in.) off the casing.
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The above procedure is fairly straightforward when
doing the final setting of the impeller. However it can be
quite laborious when doing the preliminary setting in
order to establish the location of the mechanical seal.
For this reason, the following practice is recommended.
Before the pump is taken out of service, adjust the
impeller until it touches the casing and then rotate the
bearing carrier until the desired impeller clearance is
obtained. Identify this location on the bearing carrier
and then rotate the bearing carrier until the impeller
contacts the rear cover. Record the distance from the
desired impeller clearance setting to when the impeller
contacts the rear cover. The pump is now removed
from the casing and taken to the shop for maintenance.
When it is time to set the seal, the impeller is simply set
off the rear cover by the same distance recorded earlier.

Note:

The above technique is only applicable if all
of the original pump components are reinstalled. If
the casing, cover, impeller or shaft is replaced this
method must not be used.

6.6.3 Installation and clearance setting for
Sealmatic pumps

Install the repeller [2000.1] and covers [1220 and
1220.1] as described in section 6.9.3. Install a seal
guide from the Mark 3 tool kit to hold the repeller in
place. Set the repeller 0.38 to 0.51 mm (0.015 to
0.020 in.) off the cover following the instruction above
in section 6.6.1. Uniformly tighten the set screws
[6570.3] in incremental steps up to the final torque
value to lock the bearing carrier in place. Remove the
seal guide and install the impeller. Check the impeller
setting with a feeler gage. The gap should be 0.38 to
0.51 mm (0.015 to 0.020 in.). If the gap is outside of
the correct setting, it may be readjusted to get the
beat gap at the repeller and impeller.

6.7 Disassembly

6.7.1 Power end removal
a) Before performing any maintenance, disconnect the
driver from its power supply and lock it off line.

A SATION Lock out power to driver to prevent
personal injury.

b) Close the discharge and suction valves, and
drain all liquid from the pump.

c) Close all valves on auxiliary equipment and
piping, then disconnect all auxiliary piping.

d) Decontaminate the pump as necessary.

ACAUNON If Flowserve Mark 3 pumps
contain dangerous chemicals, it is important to
follow plant safety guidelines to avoid personal
injury or death.

Page 44 of 68

—
~

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

Remove the coupling guard. (See section 5.5.)
Remove the spacer from the coupling. Close
coupled pumps required that the motor be
removed from the pump assembly. The motor
must be fully supported and the jackscrews
[6575] loose before removal.

Remove casing fasteners [6580.1]. On Group 1
In-Line pumps the studs [6572.1] must be
removed.

Remove the fasteners holding the bearing
housing foot to the baseplate. (Not applicable on
In-Line pumps).

Move the power end, rear cover, and seal chamber
assembly away from the casing. On In-Line pumps
the simplest method of power end removal is to first
remove the motor and motor adapter with a crane.
However this is often not practical and the power
end must be removed by hand. This operation is
illustrated in figures 6-7, 6-8 and 6-9. Discard the

casin?/cover ?asket [4590.1].
ACAUTION The power end and rear cover
assembly is heavy. It is important to follow plant

safety guidelines when lifting it.
Transport the assembly to the maintenance shop.

Figure 6-7

Figure 6-8

Figure 6-9

flowserve.com



L
FLOWSERVE
N

6.7.2 Pump disassembly

k)

Remove the coupling hub from the pump shaft
[2100]. Close coupled pumps require the motor
adapter [3160] be removed.
Using the shaft key [6700], mount the impeller
wrench from the Flowserve Mark 3 tool kit (figure
-1) to the end of the shaft. With the wrench
handle pointing to the left when viewed from the
impeller end, grasp the impeller [2200] firmly with
both hands (wear heavy gloves). By turning the
impeller in the clockwise direction move the
wrench handle to the 11 o’clock position and then
spin the impeller quickly in a counter-clockwise
direction so that the wrench makes a sudden
impact with a hard surface on the bench. After
several sharp raps, the impeller should be free.
Unscrew the impeller and remove from the shaft.
Discard the impeller gasket [4590.2].

A SATION Do not apply heat to the
impeller. If liquid is entrapped in the hub, an
explosion could occur.

If a cartridge type mechanical seal [4200] is used
(figure 6-10), the spacing clips or tabs should be
installed prior to loosening the set screws which
attaches the seal to the shaft or removing it from
the cover. This will ensure that the proper seal
comressmn is malntalned

%
Figure 6-10

Remove the seal or packmg gland nuts [6580.2] if
SO equipped.

Remove the cover.

All pumps except Sealmatic

Remove the two cap screws [6570.2] which
attach the rear cover [1220] to the adapter.
Carefully remove this part.

Sealmatic pump only

Remove the cap screws that hold the rear cover
[1220] to the repeller cover [1220.1]. For Group 3
pumps remove the capscrews [6570.2] that hold
the rear cover [1220] to the adapter [1340].
Remove the cover. The repeller is now exposed
[2200.1] and should be free to slip from the shaft.
In the event it is stuck, the repeller can be pried off
by the use of 2 screwdrivers wedged between the
repeller [2200.1] and the repeller cover [1220.1].
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If a component type inside mechanical seal [4200]
is used, loosen the set screws on the rotating unit
and remove it from the shaft (see figure 6-11).
Then pull the gland [4120] and stationary seat off
the shaft. Remove the stationary seat from the
gland. Discard all O-rings and gaskets.

j Figure 6-11

If a component type out3|de mechanical seal is
used, remove the gland and the stationary seat.
Remove the stationary seat from the gland. Loosen
the set screws in the rotating unit and remove it
from the shaft. Discard all O-rings and gaskets.

If packing [4130] is used, remove it and the seal cage
[lantern ring, 4134]. Remove the gland [4120].

If the pump has a hook type sleeve [2400] it can
now be removed. Unit now appears as shown in
figure 6-12.

Figure 6-12

If the power end is oil lubricated, remove the
drain plug [6569.1] and drain the oil from the
bearing housing [3200].

If the pump has lip seals, a deflector [2540] will
be present. Remove it.

Loosen the three set screws [6570.3] on the
bearing carrier [3240]. The bearing carrier must be
completely unscrewed from the bearing housing.

Note:

Do not pry against the shaft.

Mark 3A and ANSI 3A design

The face of the bearing carrier has three square
lugs that protrude from the surface. The bearing
carrier is turned by using an open end wrench on
one of the square lugs as shown in figure 6-13.
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Mark 3 design
On Group 1 and 2 pumps the bearing carrier is

turned by using a strap wrench, with the strap
located around the outside diameter of the carrier
face. On Group 3 pumps, the bearing carrier is
turned by using a spanner wrench to engage the
cogs on the outside diameter of the bearing carrier.

Figure 6-13

w) Because the O-rings [4610.2] will cause some
resistance in removing the bearing carrier
assembly from the housing, hold the bearing
carrier flange firmly and with slight rotation, pull it
out of the bearing housing. The bearing carrier
assembly with the shaft and bearings should come
free. This unit will appear as shown in figure 6-14.
Further disassembly is not required unless the
bearings are to be replaced.

Figure 6-14

x) Remove the snap ring [2530] (see figure 6-15) on
Group 1 and 2 pumps, or the bearing retainer

2530.1] on Group

‘.J. Figure 6-15

Group 1 and 2 pumps equipped with
duplex angular contact bearings use a bearing
retainer [2530.1] instead of the snap ring.
Remove the carrier from the bearing.

y) The bearing locknut [3712] and lockwasher
[6541.1] may now be removed from the shaft
[2100]. Discard the lockwasher.

z) An arbor or hydraulic press may be used to
remove the bearings [3011 and 3013] from the
shaft. It is extremely important to apply even

Note:
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pressure to the inner bearing race only. Never
apply pressure to the outer race as this exerts
excess load on the balls and causes damage.

/A\ CAUTION :
Applying pressure to the outer

race could permanently damage the bearings.

aa) The Mark 3A design has an optional oil slinger
[2541] located between the bearings. If present,
inspect it for damage or looseness. Remove if it
needs to be replaced.

bb) On Group 2 and 3 pumps, the bearing housing
[3200] must be separated from the bearing
housing adapter [1340]. The adapter O-ring
[4610.1] should be discarded.
Mark 3A and ANSI 3A design
This is accomplished by removing the cap screws
[6570.5], which thread into the bearing housing.
Mark 3 In-Line design
There is no adapter o-ring [4610.1] when an oil
drain tap is supplied in the adapter.
Mark 3 design
This is accomplished by removing the hex nuts
[6580.8] and the cap screws [6570.5].

cc) If lip seals [4310.1 and 4310.2] (see figure 6-16)
are used, they should be removed from the
bearing carrier and adapter and discarded.

Figure 6-16

dd) If the bearing isolators are removed from either
the bearing carrier or adapter they must not be
reused, discard appropriately.

ee) If magnetic seals are used, maintain the seals as
specified by the manufacturer.
Mark 3 and Mark 3A design
Remove the Trico oiler/site gage [3855] (figure
6-17) and oil level tag (figure 6-18) from the
bearing housing.
ANSI 3A design
Remove the site gage [3856] (figure 5-1) and oil
level tag (figure 6-18) from the bearing housing.
Save these parts for reuse.

Figure 6-17
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OIL LEVEL MUST BE
MAINTAINED AT
CENTER OF SIGHT GLASS

T TR e

Figure 6-18
6.8 Examination of parts

6.8.1 Cleaning/inspection

All parts should now be thoroughly cleaned and
inspected. New bearings, O-rings, gaskets, and lip
seals should be used. Any parts that show wear or
corrosion should be replaced with new genuine
Flowserve parts.

A SAmon It is important that only non-flammable,
non-contaminated cleaning fluids are used. These
fluids must comply with plant safety and environmental
guidelines.

6.8.2 Critical measurements and tolerances

To maximize reliability of pumps, it is important that
certain parameters and dimensions are measured
and maintained within specified tolerances. It is
important that all parts be checked. Any parts that do
not conform to the specifications should be replaced
with new Flowserve parts.

6.8.3 Parameters that should be checked by
users

Flowserve recommends that the user check the
measurements and tolerances in figure 6-19
whenever pump maintenance is performed. Each of
these measurements is described in more detail on
the following pages.

6.8.4 Additional parameters checked by
Flowserve

The parameters listed below are somewhat more
difficult to measure and/or may require specialized
equipment. For this reason, they are not typically
checked by our customers, although they are
monitored by Flowserve during the manufacturing
and/or design process.

6.8.4.1 Shaft and sleeve (if fitted)

Replace if grooved, pitted or worn. Prior to mounting
bearings or installing the shaft into the bearing
housing, check the following parameters:

Page 47 of 68

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

Diameter/tolerance, under bearings

In order to ensure proper fit between the shaft and
bearings, verify that both the inboard (IB) and
outboard (OB) shaft diameter is consistently within
the minimum/maximum values shown in figure 6-20.
A micrometer should be used to check these outside
diameter (OD) dimensions on the shaft.

6.8.4.2 Bearings

It is recommended that bearings not be re-used after
removal from the shaft. Prior to mounting bearings,
check the following parameters:

Diameter/tolerance, inside diameter

In order to ensure proper fit between bearings and
the shaft, verify that the inside diameter (ID) of both
the 1B and OB bearing are consistently within the
minimum/maximum values shown in figure 6-20. An
inside caliper should be used to check these ID
diameters on the bearings.

Diameter/tolerance, outside diameter

In order to ensure proper fit between bearings and
the bearing housing, verify that the OD on both the IB
and OB bearings are consistently within the
minimum/maximum values shown in figure 6-21. A
micrometer should be used to check these outside
diameter (OD) dimensions on the bearings.

6.8.4.3 Impeller balancing

Shaft whip is deflection where the centerline of the
impeller is moving around the true axis of the pump.
It is not caused by hydraulic force but rather by an
imbalance with the rotating element. Shaft whip is
very hard on the mechanical seal because the faces
must flex with each revolution in order to maintain
contact. To minimize shaft whip it is imperative that
the impeller is balanced. All impellers manufactured
by Flowserve are balanced after they are trimmed. If
for any reason, a customer trims an impeller, it must
be re-balanced. See note 1 under figure 6-19
regarding acceptance criteria.

6.8.4.4 Bearing housing/carrier
Prior to installing the shaft into the bearing housing,
check the following parameters:

Diameter/tolerance, at bearing surface

In order to ensure proper fit between the bearing
housing/carrier and the bearings, verify that the ID of
both the IB and OB bearing surfaces are consistently
within the minimum/maximum values shown in figure
6-21. An inside caliper should be used to check
these ID dimensions in the bearing housing.
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Figure 6-19 Figure 6-21
Suggested |Suggested Group 1 Group 2 Group 3
ASME by tmal bt
. B73.1M y Ta'°’ and/or 0B |Bearing | 7199971986 | 110.000109.985 | 150.000/149.979
Topic standard | 3% g;gv‘;fgggv ring g | oeaseeast) | (43307/43301) | (59055/59047)
mm (in.) | (in) mm (in.) carmier | Cariey | 71-29972017 | 110.007/110.022 | 150.002/150.030
s : : miin) o | (28346/2.8353) | (4.33104.3316) | (5.9056/5.9067)
haft 0.031L0000L |  0087L0007L | 0.051L/0.002L
Diameter tolerance, n/s 0.005 (0.0002) Fit (0.0012L/0.00000)|  (0.0015/0.0008L) | (0.0020L/0.0001L)
I“”dflr bearings B |moaring | 7199971966 | 110000100985 | 150.000/149.979
“‘Bgfa:;e See note 1 earing N9 | osueR831) | (43307/4.3301) | (5.905559047)
- - - | 7199972017 | 110.007/110.02 | 150.007/150.025
Bearing housing housing |Housing
. : (2.8346/2.8353) | (4.33104.3316) | (5.9058/5.9065)
Diameter (ID) tolerance n/s 0.013 (0.0005) mm((in.) 0.031/0.000L 0.087L/0.007L. 0.046L/0.007L.
at bearings Rt |(0.0012L0.0000L) (0.0015L/0.0008L) | (0.0018L/0.0008L)
Power end assembly
Shaft runout 0.05(0.002) | 0.03 (0.001)
Shaft sleeve runout | 0.05(0.002) | 0.05 (0.002) | 0.05(0.002) | 6-8:4.5 Powerend . _
Radial deflection - static ns 0.076 (0.003) | 0.05 (0.002) Assembled bearing housing, carrier, bearings, and
Shaft endplay ns 0.05 (0.002) | 0.05 (0.002) shaft.
Seal chamber
Face squareness to shaft | 0.08 (0.003) | 0.03 (0.001) | 0.08 (0.003) ~
Register concentricity 0.13 (0.005) | 0.13 (0.005) | 2haft/shaft sleeve run-out » .
Complete pump Shaft run-out is the amount the shaft is “out of true
Shaft movement caused w_hep rqtated in the pump. It is measured by attachir)g a
by pipe strain n/s 0.05 (0.002) | 0.05(0.002) | dial indicator to a stationary part of the pump so that its
Alignment , n/s Seenote2 | contact point indicates the radial movement of the shaft
Vibration at bearing housing | See note 3 See note 3

n/s = not specified.
1. The maximum values of acceptable unbalance are:
1 500 r/min: 40 grmm/kg (1 800 r/min: 0.021 oz-in/lb) of mass.

surface as the shaft is rotated slowly. If a shaft sleeve is
used then shaft sleeve run-out must be checked. It is
analogous to shaft run-out. Measurement of shaft run-

2900 rpm: 20 g-mm/kg (3 600 rpm: 0.011 oz-in/Ib) of mass.
Flowserve performs a single plane spin balance on most
impellers. The following impellers are exceptions: 10X8-14,
10X8-16 and 10X8-16H. On these Flowserve performs a two
plane dynamic balance, as required by the ASME B73.1M
standard. All balancing, whether single or two plane, is
performed to the ISO 1940 Grade 6.3 tolerance criteria.

2. The ASME B73.1M standard does not specify a recommended
level of alignment. Flowserve recommends that the pump and
motor shafts be aligned to within 0.05 mm (0.002 in.) parallel FIM
(full indicator movement) and 0.0005 mm/mm (0.0005 in./in.)
angular FIM. Closer alignment will extend MTBPM. For a
detailed discussion of this subject see the Alignment section of
this manual.

3. The ASME B73.1M, paragraph 5.1.4.

out/shaft sleeve run-out will disclose any out of
roundness of the shaft, any eccentricity between the
shaft and the sleeve, any permanent bend in the shaft,
and/or any eccentricity in the way the shaft or bearings
are mounted in the bearing housing.

Shaft run-out can shorten the life of the bearings and
the mechanical seal. The following diagram shows
how to measure shaft/shaft sleeve run-out. Note that
both ends need to be checked. The run-out should
be 0.025 mm (0.001 in.) FIM or less.

]

Radial deflection - static

Runout

Figure 6-20
Group 1 Group 2 Group 3
OB Bearing 30.000/29.990 | 50.000/49.987 | 70.000/69.985
bearing (1.1811/1.1807) | (1.9685/1.9680) | (2.7559/2.7553)
shaft St 30.013/30.003 | 50.013/50.003 | 70.015/70.002
mm (in.) (1.1816/1.1812) | (1.9690/1.9686) | (2.7565/2.7560)
Fit 0.023T/0.003T | 0.026T/0.003T | 0.030T/0.002T
(0.0009T/0.0001T)|(0.0010T/0.0001T)| (0.0012T/0.0001T)
B Bearing 35.000/34.989 | 50.000/49.987 | 70.000/69.985
bearing/ (1.3780/1.3775) | (1.9685/1.9680) | (2.7559/2.7553)
shaft Shaft 35.014/35.004 | 50.013/50.003 | 70.015/70.002
mm (in.) (1.3785/1.3781) | (1.9690/1.9686) | (2.7565/2.7560)
Fit 0.025T/0.004T | 0.026T/0.003T | 0.030T/0.002T
(0.0010T/0.0001T)| (0.0010T/0.0001T)| (0.0012T/0.0001T)
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Radial movement of the shaft can be caused by a loose fit
between the shaft and the bearing and/or the bearing and
the housing. This movement is measured by attempting
to displace the shaft vertically by applying an upward force
of approximately 4.5 kg (10 Ib) to the impeller end of the
shaft. While applying this force, the movement of an
indicator is observed as shown in the following diagram.
The movement should be checked at a point as near as
possible to the location of the seal faces. A movement of
more than 0.05 mm (0.002 in.) is not acceptable.
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Shaft endplay
The maximum amount of axial shaft movement, or

endplay, on a Durco pump should be 0.03 mm
(0.001 in.) and is measured as shown below.
Observe indicator movement while tapping the shaft
from each end in turn with a soft mallet. Shaft
endplay can cause several problems. It can cause
fretting or wear at the point of contact between the
shaft and the secondary sealing element. It can also
cause seal overloading or underloading and possibly
chipping of the seal faces. It can also cause the
faces to separate if significant axial vibration occurs.

" \-“~'.|_-‘|I

Endplay

6.8.4.6 Seal chamber
Assembled power end and rear cover.

Face squareness to shaft

Also referred to as “Seal chamber face run-out.” This
run-out occurs when the seal chamber face is not
perpendicular to the shaft axis. This will cause the
gland to cock, which causes the stationary seat to be
cocked, which causes the seal to wobble. This run-
out should be less than 0.08 mm (0.003 in) and
should be measured as shown below:

Face squareness

Register concentricity

An eccentric seal chamber bore or gland register can
interfere with the piloting and centering of the seal
components and alter the hydraulic loading of the seal
faces, resulting in reduction of seal life and
performance. The seal chamber register concentricity
should be less than 0.13 mm (0.005 in.). The diagram
below shows how to measure this concentricity.
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Concentricity

6.8.4.7 Installed pump
Complete pump installed.

Shaft movement caused by pipe strain

Pipe strain is any force put on the pump casing by the
piping. Pipe strain should be measured as shown
below. Install the indicators as shown before
attaching the piping to the pump. The suction and
discharge flanges should now be bolted to the piping
separately while continuously observing the
indicators. Indicator movement should not exceed
0.05 mm (0.002 in.).

II-‘M‘- T

Pipe strain movement

Alignment
Misalignment of the pump and motor shafts can

cause the following problems:

e Failure of the mechanical seal

e Failure of the motor and/or pump bearings
e Failure of the coupling

e Excessive vibration/noise

The schematics below show the technique for a
typical rim and face alignment using a dial indicator.
It is important that this alignment be done after the
flanges are loaded, and at typical operating
temperatures. If proper alignment cannot be
maintained a C-flange motor adapter and/or
stilt/spring mounting should be considered.

Alignment
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Many companies today are using laser alignment
which is a more sophisticated and accurate
technique. With this method a laser and sensor
measure misalignment. This is fed to a computer
with a graphic display that shows the required
adjustment for each of the motor feet.

See section 4.8 for recommended final shaft
alignment limits.

Vibration analysis

Vibration analysis is a type of condition monitoring
where a pump’s vibration “signature” is monitored on
a regular, periodic basis. The primary goal of
vibration analysis is extension on MTBPM. By using
this tool Flowserve can often determine not only the
existence of a problem before it becomes serious, but
also the root cause and possible solution.

Modern vibration analysis equipment not only detects
if a vibration problem exists, but can also suggest the
cause of the problem. On a centrifugal pump, these
causes can include the following: unbalance,
misalignment, defective bearings, resonance,
hydraulic forces, cavitation and recirculation. Once
identified, the problem can be corrected, leading to
increased MTBPM for the pump.

Flowserve does not make vibration analysis
equipment, however Flowserve strongly urges
customers to work with an equipment supplier or
consultant to establish an on-going vibration analysis
program. See note 3 under figure 6-19 regarding
acceptance criteria.

6.9 Assembly of pump and seal

& SAInON It is important that all pipe threads be
sealed properly. PTFE tape provides a very reliable
seal over a wide range of fluids, but it has a serious
shortcoming if not installed properly. If, during
application to the threads, the tape is wrapped over the
end of the male thread, strings of the tape will be formed
when threaded into the female fitting. These strings can
then tear away and lodge in the piping system.

If this occurs in the seal flush system, small orifices can
become blocked effectively shutting off flow. For this
reason, Flowserve does not recommend the use of
PTFE tape as a thread sealant.

Flowserve has investigated and tested alternate
sealants and has identified two that provide an
effective seal, have the same chemical resistance as
the tape, and will not plug flush systems. These are
La-co Slic-Tite and Bakerseal. Both products contain
finely ground PTFE particles in an oil based carrier.
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They are supplied in a paste form which is brushed
onto the male pipe threads. Flowserve recommends
using one of these paste sealants.

Full thread length engagement is required for all
fasteners.

Note:

Refer to figure 6-2 for recommended bolt

torques.

6.9.1 Power end assembly

The Mark 3A design has an optional oil slinger. If the
slinger was removed during disassembly, install a
new slinger [2541]. (See figure 6-22.)

5

Outboard Inboard
Bearing Slinger Bearing
Figure 6-22

6.9.1.1 Bearing installation

Mounting of bearings on shafts must be done in a clean
environment. Bearing and power end life can be
drastically reduced if even very small foreign particles
work their way into the bearings. Wear clean gloves.

Bearings should be removed from their protective
packaging only immediately before assembly to limit
exposure to possible contamination. After removing
the packaging they should only come in contact with
clean hands, fixtures, tools and work surfaces.

The chart shown in figure 6-23 gives the SKF part
numbers for bearings in Flowserve Mark 3 pumps. Note
that the term “inboard bearing” refers to the bearing
nearest to the casing. “Outboard bearing” refers to the
bearing nearest to the motor. (See figure 6-22.)

A Sen Both bearings have a slight interference
fit which requires that they be pressed on the shaft with
an arbor or hydraulic press. Figure 6-20 identifies the
bearing fits. Even force should be applied to only the
inner race. Never press on the outer race, as the force
will damage the balls and races.

An alternate method of installing bearings is to heat
the bearings to 93 °C (200 °F) by means of an oven
or induction heater. With this approach the bearing
must be quickly positioned on the shaft.

Never heat the bearings above 110 °C (230 °F). To

do so will likely cause the bearing fits to permanently
change, leading to early failure.
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a) Install the inboard bearing [3011] on the shaft [2100].
Mark 3A and ANSI 3A design
The inboard bearing must be positioned against

If the power end is equipped with single shielded
regreasable bearings, see figures 5-7 and 5-8 for
roper orientation of the shields

the shoulder as shown in figure 6-22.
Mark 3 design
On Group 1 and Group 2 shafts, the inboard
bearing must be located as shown in figure 6-24.
On Group 3 shafts position the inboard bearing
against the shoulder.

Figure 6-24: Bearing position - Mark 3 design

i

|<—A—H

* Inboard bearing located against shoulder.

Figure 6-23: Flowserve Mark 3 bearings

/A\ CAUTION

The orientation of the bearing shields is

different for horizontal pumps (figure 5-7) and In-Line

pumps (figure 5-8).

b) Install the outboard bearing retaining device onto

the shaft.
Double row bearings

Place the snap ring [2530] onto the outboard end of
the shaft and slide down to the inboard bearing.

Note:

The proper orientation of the snap ring

must be assured in this step. The flat side of the
snap ring must face away from the inboard bearing.
Duplex angular contact bearings

Place the bearing retainer [2530.1] onto the

Mark 3 standard shaft Mark 3 duplex bearing shaft outboard end of the shaft and slide down to the
Group A Group A inboard bearing.

1 68 mm (2'"/15in.) 1 61 mm (2%in.) S

2 139 mm (5'/gin.) 2 129 mm (5%sin.) | The proper orientation of the bearing

3 - 3 - retainer must be assured in this step. The small

side of the retainer must face away from the

inboard bearing.

Group | Type of bearing Inboard singI? row, Outboard double row,sair;gular Optional outboard s
deep groove contact, deep groove duplex angular contact

1 Qil bath/mist - open ' 6207-C3 5306-AC3 or 3306-AC3 7306-BECBY
Regreasable - single shielded * 6207-ZC3 5306-AZC3 or 3306-AZC3 NA®
Greased for life - double shielded ® | 6207-2ZC3 5306-A2ZC3 or 3306-A2ZC3 NA’
Sealed for life - double sealed * 6207-2RS1C3 5306-A2RSC3 or 3306-A2RS1C3 NA’

2 Qil bath/mist - open ' 6310-C3 5310-AC3 (AHC3) or 3310-AC3 7310-BECBY
Regreasable — single shielded ? 6310-ZC3 5310-AZC3 or 3310-AZC3 NA ¢
Greased for life - double shielded ® | 6310-2ZC3 5310-A2ZC3 or 3310-A2ZC3 NA’
Sealed for life - double sealed * 6310-2RS1C3 5310-A2RSC3 or 3310-A2RS1C3 NA~

3 Qil bath/mist - open ' 6314-C3 5314-AC3 or 3314-AC3 7314-BECBY
Regreasable - single shielded * 6314-ZC3 5314-AZC3 or 3314-AZC3 NA®
Greased for life - double shielded ® | 6314-2ZC3 5314-A2ZC3 or 3314-A2ZC3 NA’
Sealed for life - double sealed * 6314-2RS1C3 5314-A2RSC3 or 3314-A2RS1C3 NA”

Notes:

1. These bearings are open on both sides. They are lubricated by oil bath or oil mist.

2. These bearings are pre-greased by Flowserve. Replacement bearings will generally not be pre-greased, so grease must be applied by
the user. They have a single shield, which is located on the side next to the grease buffer, or reservoir. The bearings draw grease from
the reservoir as it is needed. The shield protects the bearing from getting too much grease, which would generate heat. The grease
reservoir is initially filled with grease by Flowserve. Lubrication fittings are provided, to allow the customer to periodically replenish the
grease, as recommended by the bearing and/or grease manufacturer.

3. These bearings are shielded on both sides. They come pre-greased by the bearing manufacturer. The user does not need to regrease
these bearings. The shields do not actually contact the bearing race, so no heat is generated.

4. These bearings are sealed on both sides. They come pre-greased by the bearing manufacturer. The user does not need to regrease
these bearings. The seals physically contact and rub against the bearing race, which generates heat. These bearings are not
recommended at speeds above 1750 r/min.

5. The codes shown are SKF codes. Inboard and outboard bearings have the C3, greater than “normal
recommended by SKF to maximize bearing life.

6. Regreasable - single shielded bearings are not available in the duplex configuration; however, open oil bath-type bearings can be used
for the regreasable configuration. These bearings must be pre-greased during assembly. Lubrication fittings are provided, to allow the
user to periodically replenish the grease, as recommended by the bearing and/or grease manufacturer.

. Not available.

. All bearing configurations are supplied only with steel cages

. SKF - the 5300 and 3300 bearing series are identical and therefore can be used interchangeably.

I

clearance. These clearances are

© 00
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¢) Install the outboard bearing.
Double row bearings
Install the outboard bearing [3013] firmly against
the shoulder as shown in figure 6-22. If hot
bearing mounting techniques are used, steps
must be taken to ensure the outboard bearing is
firmly positioned against the shaft shoulder. The
outboard bearing, while still hot, is to be
positioned against the shaft shoulder.
Duplex angular contact bearings
Duplex angular contact bearings must be
mounted back-to-back with the wider thrust sides
of the outer races in contact with each other as
shown in figure 6-25. Only bearings designed for
universal mounting should be used. The SKF
designation is “BECB”. NTN'’s designation is “G”.

Note:

A special shaft is required when using
duplex angular contact bearings.)

OUTER
RACE —>t=— THRUST SIDES

A SAlTion The orientation of the bearing
shields is different for horizontal pumps (figure 5-7)
and In-Line pumps (figure 5-8).

A SATIoN It must be understood that fixtures
and equipment used to press the bearing must be
designed so no load is ever transmitted through the
bearing balls. This would damage the bearing.

d) After the bearing has cooled below 38 °C (100 °F)
the bearing should be pressed against the shaft
shoulder. Figure 6-26 identifies the approximate
force needed to seat the bearing against the shaft
shoulder. If a press is not available the locknut
[8712] should be installed immediately after the
bearing is placed on the shaft and tightened to
ensure the bearing remains in contact with the shaft
shoulder. The locknut should then be retightened
repeatedly during the time the bearing is cooling.
Once cool the locknut should be removed.

Figure 25

Figure 6-26
Pump Press force Locknut torque
N (Ibf) Nm (Ibf-ft)
Group 1 5780 (1 300) 27 +4/-0 (20 +5/-0)
Group 2 11 100 (2 500) 54 +7/-0 (40 +5/-0)
Group 3 20 000 (4 500) 95 +7/-0 (70 +5/-0)

e) Install lockwasher [6541.1] and locknut [3712]. The
locknut should be torqued to the value shown in
figure 6-26. One tang on the lockwasher must be
bent into a corresponding groove on the locknut.
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6.9.1.2 Bearing housing seals

Lip seals
If lip seals were used (see figure 6-16), install new lip

seals in the bearing carrier [3240] and the housing
[3200 - Group 1] or the adapter [1340 - Group 2 and 3].
The lip seals [4310.1 and 4310.2] are double lip s’éyle,
the cavity between these two lips should be '/, to 7,
filled with grease. When installing this part, the large
metal face on the lip seal must face away from the
bearings.

Labyrinth seals
The following are general installation instructions

regarding the VBXX Inpro seal. Follow the instructions
provided with the seal by the manufacturer.

The elastomer O-ring located on the OD of the seal
has been sized to overfill the groove in which it is
located. When installing the seal into its
corresponding housing, in addition to compressing
the O-ring a certain amount of material may shear off.
This sheared material should be removed. An arbor
press should be used to install the seal.

Install the inboard seal in the bore of the bearing
housing (Group 1) or adapter (Group 2 and Group 3)
with the single expulsion port positioned at the 6
o’clock position.

Install the outboard seal in the bore of the bearing
carrier. There are no orientation issues since this is a
multiport design seal.

Magnetic seals
Follow the installation instructions provided by the

manufacturer.

6.9.1.3 Bearing carrier/power end assembly

a) Install new O-rings [4610.2] onto the bearing
carrier. Be sure to use the correct size O-rings.
(The Mark 3 and Mark 3A bearing carriers use
different O-rings.)

b) Slide the bearing carrier [3240] over the outboard
bearing [3013].

c) Install the outboard bearing retaining device.
Double row bearings on Group 1 and 2 pumps
Slide the snap ring [2530] in place with its flat
side against the outboard bearing and snap it into
its groove in the bearing carrier.

Duplex angular contact bearings on Group 1 and 2
pumps; all bearings on Group 3 pumps

Slide the bearing retainer [2530.1] against the
outboard bearing and install and tighten the
socket head capscrews [6570.12]. See figure 6-2
for correct torque values.
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/A\ CAUTION .

Never compress the shap ring
unless it is positioned around the shaft and between
the bearings. In this configuration, it is contained
therefore if it should slip off the compression tool it
is unlikely to cause serious injury.

d) The shaft, bearings, and bearing carrier
assembly (figure 6-14) can now be installed into
the bearing housing [3200]. The bearing carrier
[3240] should be lubricated with oil on the O-rings
and threads before installing the assembly into
the bearing housing. Thread the bearing carrier
into the bearing housing by turning it clockwise to
engage the threads. Thread the carrier onto the
housmg until the carrier flange is approximately
3 mm ('/gin.) from the housing. Install the set

screws [6570.3] loosely.

e) Reinstall any tags, plugs, site gages and oiler.
Mark 3 and Mark 3A design
Install the following items onto the bearing housing;
oil level tag (figure 6-18) and combination Trico
oiler/site gage [3855], vent/breather [6521] and
drain plug [6569.1].

ANSI 3A design

Install the following items onto the bearing housing;
oil level tag (figure 6-18) and site gage [3855], plug
[6521] and magnetic drain plug [6569.4].

f)  On Group 2 and 3 pumps, assemble the bearing
housing adapter [1340] to the bearing housing
[3200]. Be sure to install a new O-ring [4610.1].
Mark 3 In-Line design
The adapter O-ring [4610.1] should not be installed
if there is a drain tap in the adapter [1340]. This tap
is present on pumps with regreasable bearings and
most oil mist applications.

Mark 3A and ANSI 3A design

Thread the capscrews [6570.5] through the adapter
and into the tapped holes in the bearing housing.
Mark 3 design

Use the capscrews [6570.5] and hexnuts [6580.8].
Orient the bearing housing adapter with the two
holes for capscrews [6570.5] on a horizontal line.

g) If the pump has lip seals, install the deflector [2540].

h) If the pump is equipped with a hook type sleeve
[2400], slip it into place over the impeller end of
the shaft [2100].

6.9.2 Wet end assembly

6.9.2.1 Cartridge mechanical seals

Review the seal assembly instructions and drawings

provided by the seal manufacturer.

a) Install a nose cone on the end of the shaft and
then slide the cartridge seal [4200] onto the shaft
until it lightly touches the bearing housing [3200]
or adapter [1340]. (See figure 6-10.)
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b) Install the rear cover plate [1220] to the bearing
housing (Group 1) or the bearing housing adapter
(Group 2 and 3) by using the capscrews [6570.2].
Now install the cartridge seal gland to the rear cover
plate [1220] using studs [6572.2] and nuts [6580.2].

c) Install the impeller [2200] as instructed in section
6.6. Care should be taken in the handling of high
chrome iron impellers.

d) Tighten set screws on the seal to lock the rotating
unit to the shaft. Finally, remove centering clips
from the seal.

6.9.2.2 Component type mechanical seal
Review the seal assembly instructions and drawings
(seal set dimension) provided by the seal manufacturer.

In order to properly set a component seal it is necessary
to first locate the shaft in its final axial position. This is
accomplished in the following manner.

a) Install the rear cover plate [1220] to the bearing
housing (Group 1) or the bearing housing adapter
(Group 2 and 3) by using the capscrews [6570.2].

b) Install and set the impeller [2200] clearance as

outlined in section 6.6. Put blueing on the shaft/

sleeve in the area near the face of the seal
chamber (rear cover 1220]. Scribe a mark on the

shaft at the face of the seal chamber (figure 6-27).

e JE

C) Remove the impeller and seal chamber (rear cover)
following the instructions given in section 6.7 and
install a nose cone onto the end of the shaft.

Figure 6-27

Single internal seal installation

d) Place the gland [4120] and stationary seat onto
the shaft until it lightly touches the bearing
housing (Group 1) or adapter (Group 2 and 3).

e) Install a gland gasket [4590.3] into the gland.

See figure 6-28.

Figure 6-28
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f)

g)

h)

Locate the rotary seal unit onto the shaft (or sleeve)
according to the set dimension provided by the seal
manufacture. Tighten set screws on the seal to
lock the rotating unit to the shaft/sleeve.

Install the rear cover plate [1220] to the bearing
housing (Group 1) or the bearing housing adapter
(Group 2 and 3) by using the capscrews [6570.2].
Attach the gland/seat to the rear cover plate
[1220] using studs [6572.2] and nuts [6580.2].

Single external seal installation

Carry out steps a) to c), above.

d)

Locate the rotary seal unit onto the shaft/sleeve
according to the set dimension provided by the
seal manufacturer. Tighten set screws on the
seal to lock the rotating unit to the shaft/sleeve.
Attach the gland [4120] and stationary seat onto
rear cover plate [1220] using studs [6572.2] and
nuts [6580.2]

Install the rear cover plate [1220] to the bearing
housing (Group 1) or the bearing housing adapter
(Group 2 and 3) by using the capscrews [6570.2].

Double seal installation

Carry out steps a) to c), above.

d)

Place the gland [4120] and stationary seat onto the
shaft until it lightly touches the bearing housing
(Group 1) or adapter (Group 2 and 3). Install a gland
gasket [4590.3] into the gland. (See figure 6-28.)
Locate the rotary seal unit onto the shaft/sleeve
according to the set dimension provided by the seal
manufacturer. Tighten set screws on the seal to
lock the rotating unit to the shaft/sleeve. Install a
stationary seat into the rear cover plate [1220].
Install the rear cover plate [1220] to the bearing
housing (Group 1) or the bearing housing adapter
(Group 2 and 3) by using the capscrews [6570.2].
Attach the gland/seat to the rear cover plate
[1220] using studs [6572.2] and nuts [6580.2].
Install the impeller [2200] as instructed in section
6.6. Remember that the impeller clearance is
already set. It cannot be changed at this point
without resetting the seal.

6.9.2.3 Packing

Split gland installation

Install the rear cover plate [1220] to the bearing
housing (Group 1) or the bearing housing adapter
(Group 2 and 3) by using the capscrews [6570.2].
Install and set the impeller [2200] clearance as
outlined in section 6.6.

Install the packing rings [4130] and seal cage
halves [4134] into the stuffing box as shown in
figures 4-23 and 4-24. Always stagger the end
gaps 90 degrees to ensure a better seal. To speed
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installation of each ring, have an assistant turn the
pump shaft in one direction. This movement of the
shaft will tend to draw the rings into the stuffing box.
A split gland [4120] is an assembly of two
matched gland halves that are bolted together.
Unbolt the gland halves and install the gland
halves around the shaft. Bolt the halves together
to form a gland assembly.

Now install the gland assembly [4120] using
studs [6572.2] and nuts [6580.2].

Lightly snug up the gland. Final adjustments must
be made after the pump has begun operation.

One piece gland installation

a)

Install the gland [4120] over shaft until it lightly
touches the bearing housing (Group 1) or adapter
(Group 2 and 3).

Install the rear cover plate [1220] to the bearing
housing (Group 1) or the bearing housing adapter
(Group 2 and 3) by using the capscrews [6570.2].
Install and set the impeller [2200] clearance as
outlined in section 6.6.

Install the packing rings [4130] and seal cage
halves [4134] into the stuffing box as shown in
figure 4-24. Always stagger the end gaps 90
degrees to ensure a better seal. To speed
installation of each ring, have an assistant turn the
pump shaft in one direction. This movement of the
shaft will tend to draw the rings into the stuffing box.
Now attach the gland [4120] to the cover using
studs [6572.2] and nuts [6580.2].

Lightly snug up the gland. Final adjustments must
be made after the pump has begun operation.

6.9.2.4 Reassembly - Sealmatic with Checkmatic
seal

Remove any sharpness of edge at wet end of
shaft with #400 emery cloth.

Clean all exposed surfaces of the wet end of the
shaft.

Install a shaft guide tool from the Flowserve tool
kit (see figure 6-1). Do not lubricate surfaces.
Slide one lip seal onto the shaft with a lip facing
away from the bearing housing.

Position the O-ring [4610.10] over the tail of the
lip seal (see section 8-3). Slide it all the way to
the bearing housing.

Clean all surfaces of the gland, and install the
ceramic into the gland.

Slide gland/ceramic seat assembly onto the shaft
and move it back to the lip seal.

Slide a second lip seal onto the shaft, with the lip
facing the bearing housing, all the way to the
ceramic seat. Position the O-ring [4610.10] over
the tail of the lip seal. (See section 8-3.)
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i) Reinstall the repeller cover, repeller, rear cover,
and impeller as instructed in section 6.9.3.

i) The Checkmatic gland must now be moved forward
toward the impeller, pushing the forward lip ahead
of it. It is important that the forward lip be firmly
loaded against the seat when the gland is seated.
Care must be taken to maintain even pressure on
both sides of the gland, keeping the lip seal/ceramic
seal faces perpendicular to the shaft.

k) Tighten the gland nuts evenly.

[) Finally, the rear lip must be slipped forward and
tight against the seat. Care should be taken so
as not to damage the seal face.

6.9.2.5 Reassembly - Sealmatic with dry running
seal

Component seals will generally require that the wet end
is assembled as described in 6.9.3 so that the impeller
may be set prior to seal installation. Review the seal
assembly instructions and drawings provided by the
seal manufacturer. Section 6.9.2.2 contains the general
assembly sequences for component seals.

6.9.2.6 Reassembly - Sealmatic with FXP seal

a) Remove any sharpness of edge at wet end of
shaft with #400 emery cloth.

b) Clean all exposed surfaces of the wet end of the
shaft.

¢) Install a shaft guide tool from the Flowserve tool
kit. (See figure 6-1.)

d) Insert the O-rings into the grooves on the inside
diameter of the seal rotor.

e) Slide the drive collar onto the shaft until it
contacts the bearing housing (pins facing away
from bearing housing).

f) Lubricate the O-rings and shaft with non-abrasive
liquid hand soap and slide the seal rotor onto the
shaft until it contacts the rotor drive collar. The
notches on the back side of the rotor should face
toward the bearing housing.

g) Place repeller cover face down on workbench
and set the Teflon disk against the gland surface
(i.e. end of stuffing box). Attach gland to repeller
cover and screw on gland nuts finger-tight.

h) Reinstall the repeller cover, repeller, rear cover,
and impeller as instructed in section 6.9.3.

i) Tighten gland nuts fully. Slide the seal rotor
forward until it contacts the Teflon disk. Slide the
drive collar forward until its pins are fully engaged
in the slots on the back side of the seal rotor.

j) Preload the seal by applying even pressure on
the back of the drive collar in order to push it and
the seal rotor into the Teflon disk. The rotor and
drive collar should be moved approximately 3mm
(& in.) into the Teflon disk. Tighten the drive
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collar setscrews while maintaining pressure on
the back of the drive collar.

k) Once the pump is flooded, check the seal to ensure
it is not leaking. If the seal leaks, repeat step j)
above, applying only enough pressure to the drive
collar to stop the leak. Do not over tighten the seal.

6.9.3 Sealmatic pump: installation of repeller
cover, repeller, cover, and impeller

Group 2 pumps - see figure in section 8-3.
Group 3 pumps - see figure 6-29.

a) For Group 2 pumps, install the repeller cover to
the adapter using capscrews [6570.2].

For Group 3 pumps install the repeller cover
[1220.1] over the shaft and push it all the way
back until it touches the bearing housing.

b) Install a new repeller O-ring [4610.11] into the
repeller groove. Lubricate the O-ring with liquid
soap.

) Install the slip-on repeller [2200.1] onto the shaft.
d) Install the repeller cover/cover gasket [4590.9].

) For Group 2 pumps, install the cover [1220] to
the repeller cover using capscrews [6570.13].
For Group 3 pumps, install the cover [1220] to
the adapter. Attach to the adapter using
capscrews [6570.2]. Attach the repeller cover to
the cover using the capscrews [6570.13].

f)  The repeller and impeller may now be set following
the instructiolns given in section 6.6.3.

|

it @_,_.4610.11
i ,;/--- .

T-.4590.9

6570.13

Figure 6-29 - Group 3 Sealmatic

ltem Part name

4610.11 Repeller O-ring

4590.9 Gasket — repeller cover
6570.13 Capscrew
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6.9.4 Close coupled final assembly

a) Install the motor adapter [3160] onto the bearing
housing using three screws [6570.15].

b) Install unit into casing as described in section
6.9.5.

c) Level the unit with the adjustable support feet
[3134]. Eliminate soft foot with by adjusting the
support feet and or rotating the motor adapter
slightly. Bolt the unit to the baseplate and tighten
the support feet set screws [6570.17].

d) Reinstall the motor, coupling and coupling guard.

6.9.5 Reassemble to casing

a) Install a new rear cover gasket [4590.1] between
the rear cover plate [1220] and the casing [1100].

b) Use studs [6572.1] and nuts [6580.1] to complete
the rebuild of your Flowserve Mark 3 pump.
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7 FAULTS; CAUSES AND REMEDIES

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

The following is a guide to troubleshooting problems with Flowserve Mark 3 pumps. Common problems are
analyzed and solutions offered. Obviously, it is impossible to cover every possible scenario. If a problem
exists that is not covered by one of the examples, then refer to one of the books listed in section 10, Additional
sources of information, or contact a Flowserve sales engineer or distributor/representative for assistance.

FAULT SYMPTOM

Pump not reaching design flow rate

U | Pump not reaching design head (TDH)
U | No discharge or flow with pump running
U |Pump operates for short period, then loses prime
U | Excessive noise from wet end
U | Excessive noise from power end
U
U
U
U
| | PROBABLE CAUSES POSSIBLE REMEDIES
- . Recalculate NPSH available. It must be greater than the NPSH
il A Iriifé'ﬁt'e)m NPSH. (Noise may not be required by pump at desired flow. If not, redesign suction piping,
P ’ holding number of elbows and number of planes to a minimum to
avoid adverse flow rotation as it approaches the impeller.
. Reduce system head by increasing pipe size and/or reducing
®®° System head greater than anticipated. number of fittings. Increase impeller diameter. (note: Increasing
impeller diameter may require use of a larger motor.)
. . . 1. Check suction line gaskets and threads for tightness.
®\® ¢ Entrained air. Air Iegk frqm 2. If vortex formation is observed in suction tank, install vortex
atmosphere on suction side. breaker
3. Check for minimum submergence
o e Entrained gas from process. Process generated gases may require larger pumps.
e e Speed too low. Check motor speed against design speed.
olele Directi f rotati After confirming wrong rotation, reverse any two of three leads on
irection ot rotation wrong. a three phase motor. The pump should be disassembled and
inspected before it is restarted.
Replace with proper diameter impeller. (NOTE: Increasing
®° Impeller too small. impeller diameter may require use of a larger motor.)
L Impeller clearance too large. Reset impeller clearance.
elele Plugged impeller, suction line or 1. Reduce length of fiber when possible.
casing which may be due to a product | 2. Reduce solids in the process fluid when possible.
or large solids. 3. Consider larger pump.
Wet end parts (casing cover, impeller)
®|® worn, corroded or missing. Replace part or parts.
. Repeat priming operation, recheck instructions. If pump has run
LN Not properly primed. dry, disassemble and inspect the pump before operation.
° Imoeller rubbin 1. Check and reset impeller clearance.
pelier rubbing. 2. Check outboard bearing assembly for axial end play.
e e Damaged pump shaft, impeller. Replace damaged parts.
. . Redesign suction piping, holding the number of elbows and planes
* Abnormal fluid rotation due to to a minimum to avoid adverse fluid rotation as it approaches the
complex suction piping. impeller
° Bearin ntamination final on 1. Work with clean tools in clean surroundings.
earing contamination appearing on | 5 - pemoye all outside dirt from housing before exposing bearings.
the raceways as scoring, pitting, 3. Handle with clean dry hands.
scratching or rusting caused by 4. Treat a used bearing as carefully as a new one.
adverse environment and entrance of 5. Use clean solvent and flushing oil
a?rasw(; contaminants from 6. Protect disassembled bearing from dirt and moisture.
aimospnere. 7. Keep bearings wrapped in paper or clean cloth while not in use.
8. Clean inside of housing before replacing bearings.
9. Check oil seals and replace as required.
10. Check all plugs and tapped openings to make sure that they
are tight.
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Pump not reaching design flow rate

U | Pump not reaching design head (TDH)
U | No discharge or flow with pump running
U |Pump operates for short period, then loses prime
U | Excessive noise from wet end
U | Excessive noise from power end
U
U
U
U
| | PROBABLE CAUSES POSSIBLE REMEDIES

° |Er>; Zgilt“;%gfo%e%r;ng;ﬁergggfu%a||y When mountlinghthe bearing on t.he d;]ive. shaft usea Iproger size
caused by incorrectly applied forces rlr;]g and app_yt ebpres_sure agallnstht e inner ring only. elsurle
in assembling the bearing or by shock w gn morntmg a bearing to apply the mounting pressure slowly
loading such as hitting the bearing or and evenly.
drive shaft with a hammer.

° False brinelling of bearing identified | 1. Correct the source of vibration.
again by either axial or circumferential| 2. Where bearings are oil lubricated and employed in units that
indentations usually caused by may be out of service for extended periods, the drive shaft should
vibration of the balls between the be turned over periodically to relubricate all bearing surfaces at
races in a stationary bearing. intervals of one to three months.

° Thrust overload on bearing identified Foll t i d for beari
by flaking ball path on one side of the ollow correct mounting procedures for bearings.
outer race or in the case of maximum
capacity bearings, may appear as a
spalling of the races in the vicinity of
the loading slot. (Please note:
maximum capacity bearings are not
recommended in Mark 3 pumps.)
These thrust failures are caused by
improper mounting of the bearing or
excessive thrust loads.

L] l’;’gﬁi%;w:rn;;dae \T\;ﬁc;gcljagl}ll g:t%t%rne t?1fe Handle parts carefully and follow recommended.mounting
inner race and a narrower cocked ball procedures. Check all parts for proper fit and alignment.
path on the outer race. Misalignment
is caused by poor mounting practices
or defective drive shaft. For example,
bearing not square with the centerline
or possibly a bent shaft due to
improper handling.

) . . 1. Where current shunting through the bearing cannot be

L] Bearing damaged by electric arcing . L
identified as electro- etching of both %%rgcf;é?gi:dshunt in the form of a slip ring assembly should be
ggfér?nngcf ol;lt:(:t:ilggl Z?c?ngltit;ngazrse d 2. Check all wiring, insulation gnd rotor windings to be sure that
by a static electrical charge they are sound and all connections are properly _mz_ade._ _

) . ) 3. Where pumps are belt driven, consider the elimination of static
emanating from belt drives, electrical charges by proper grounding or consider belt material that is less
leakage or short circuiting. ges by proper grou 9
generative.

° Bearing damage due to improper 1. Be sure the lubricant is clean.
lubrication, identified by one or more | 2. Be sure proper amount of lubricant is used. The constant level
of the following: oiler supplied with Durco pumps will maintain the proper oil level if
1. Abnormal bearing temperature it is installed and operating properly. In the case of greased
rise. lubricated bearings, be sure that there is space adjacent to the
2. A stiff cracked grease appearance. | bearing into which it can rid itself of excessive lubricant, otherwise
3. A brown or bluish discoloration of | the bearing may overheat and fail prematurely.
the bearing races. 3. Be sure the proper grade of lubricant is used.
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8 PARTS LIST AND DRAWINGS

8.1 Standard Mark 3 pump, Group 1

6700) (3240)(6570.3)|4310.2)\5712) (6541) (3200 {3013) (6521 2530.1

OPTIONAL
| OPEN
IMPELLER

6572.2 65721
wodfbssibesy () (o399 @Y 2002,

Optional duplex arrangement

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

1220)(4134}(4590.3)(4130

STANDARD
REVERSE VANE
IMPELLER

Item Description 3200 Bearing housing 4610.2 O-ring - bearing carrier
1100 Casing 3240 Bearing carrier 6521 Plug - bearing housing vent
1220 Cover 3712 Bearing locknut 6541.1 Lockwasher - bearing

1340 Adapter - bearing housing 3855 Constant level oiler (not shown) | 6569.1 Plug - bearing housing drain
2100 Shaft 3856 Sight gage - bearing housing 6570.12 | Screw - clamp

2200 Impeller 4120 Gland 6570.2 Screw - cover/adapter
2400 Sleeve, optional 4130 Packing - optional 6570.3 Screw - bearing carrier set
2530.1 Retaining ring - bearing 4134 Seal cage — packing optional, 6570.4 Screw - foot

2530.2 Retaining ring - clamp type 4200 Mechanical seal 6570.5 Screw - bearing housing
2540 Deflector - inboard optional 43101 Oil seal inboard 65721 Stud - casing

2541 QOil flinger - optional 4310.2 Oil seal outboard 6572.2 Stud - gland

3011 Ball bearing - inboard 4590.1 Gasket - cover 6580.1 Nut - casing

3013 Ball bearing - outboard 4590.2 Gasket - impeller 6580.2 Nut - gland

3126.1 Shim 4590.3 Gasket - Gland 6700 Key - shaft/coupling

3134 Support foot 4610.1 O-ring - adapter
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8.2 Standard Mark 3 pump, Group 2 and Group 3

6700} 4310.2){3240) {3712) (6541

4130
\ v
v
| )
UREO H — T

I 1=
6570.3
4610.2(3856 3126) (3134)(6570.4)(5569) (4610.2 6570.50272.2Y6572.1y (11 54} (6570.2)(4590.1

3013)(2530.1 @ 6521) (3855) (3011

6580.2/\6580.1

Group 2 Optional duplex bearing arrangement
Group 3 Standard bearing clamp arrangement

2400) (4120) (4134 )(4590.2
|

OPTIONAL
OPEN
IMPELLER

STANDARD
REVERSE VANE
IMPELLER

1220) (4134) (4130

Iltem Description 3200 Bearing housing 4610.2 O-ring - bearing carrier
1100 Casing 3240 Bearing carrier 6521 Plug - bearing housing vent
1220 Cover 3712 Bearing locknut 6541.1 Lockwasher - bearing

1340 Adapter - bearing housing 3855 Constant level oiler (not shown) | 6569.1 Plug - bearing housing drain
2100 Shaft 3856 Sight gage - bearing housing 6570.12 | Screw - clamp

2200 Impeller 4120 Gland 6570.2 Screw - cover/adapter
2400 Sleeve, optional 4130 Packing - optional 6570.3 Screw - bearing carrier set
2530.1 Retaining ring - bearing 4134 Seal cage — packing optional, 6570.4 Screw - foot

2530.2 Retaining ring - clamp type 4200 Mechanical seal 6570.5 Screw - bearing housing
2540 Deflector - inboard optional 43101 Oil seal inboard 65721 Stud - casing

2541 Oil flinger - optional 4310.2 Oil seal outboard 6572.2 Stud - gland

3011 Ball bearing - inboard 4590.1 Gasket - cover 6580.1 Nut - casing

3013 Ball bearing - outboard 4590.2 Gasket - impeller 6580.2 Nut - gland

3126.1 Shim 4590.3 Gasket - gland 6700 Key - shaft/coupling

3134 Support foot 4610.1 O-ring - adapter
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8.3 Mark 3 Sealmatic pump, Group 2

Item Description
297 Seat

4590.9 1220.1 298 Lipseal
1100 Casing
1220 Cover

4610.11 1220.1 Cover - repeller
@ 2200 Impeller
l | 2200.1 Repeller
4120 Gland
4200 @ 4200 Mechanical seal
4590.1 Gasket — cover
il DP;;EHAL 4590.2 Gasket — impeller
4590.9 Gasket — repeller cover
IMPELLER
298 - -
A % 4610.10 | O-ring - lipseal

4610.11 O-ring - repeller
— — - T 6570.13 Screw — repeller cover

4610.10 6572.2 Stud - gland
6580.2 Nut - gland
295 < Notes:
STANDARD See figure 6-30, GP3 Sealmatic wet end.
REVERSE VANE
5575 2 IMPELLER
6580.2

8.4 Mark 3 Lo-Flo, Group 2

Item Description
1100 Casing
1220 Cover

2200

4@

T
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8.5 Mark 3 Unitized Self Priming pump, Group 2

ltem Description
1100 Casing
2200 Impeller

4590.1 Gasket — cover
4590.2 Gasket - impeller
6572.1 Stud - casing
6580.1 Nut - casing
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8.7 Mark 3 In-Line pump, Group 1

[e)
o
@
o
Q@
\

7
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)77

06

@ 6575

@ @ @ 2200 4130 4590.2 2100 1100 (6572.3 6580.4
|

Iltem Description 4120 Gland 6570.3 Screw - bearing carrier set

1100 Casing 4130 Packing - optional 6570.12 | Screw - clamp

1220 Cover 4134 Seal cage — packing optional, 6570.15* | Screw — pump stand

2100 Shaft 4200 Mechanical seal 6572.1 Stud - casing

2200 Impeller 4310.1 Oil seal inboard 6572.2 Stud - gland

2400 Sleeve, optional 4310.2 Oil seal outboard 6572.3 Stud — pedestal casing

2530.1 Retaining ring - bearing 4590.1 Gasket - cover 6575 Jackscrew

2530.2 Retaining ring - clamp type 4590.2 Gasket - impeller 6580.1 Nut - casing

2540 Deflector - inboard optional 4590.3 Gasket - Gland 6580.2 Nut - gland

3011 Ball bearing - inboard 4610.2 O-ring - bearing carrier 6580.3 Nut — pedestal casing

3013 Ball bearing - outboard 6521 Plug - bearing housing vent 6580.4 Nut — jackscrew jam nut

3160 Motor pedestal 6541.1 Lockwasher - bearing 6700 Key - shaft/coupling

3170* Pump stand 6541.3 Washer

3200 Bearing housing 6569.1 Plug

3240 Bearing carrier 6569.3 Plug — sight gage

3712 Bearing locknut 6570.2 Screw - cover/adapter
* Not shown
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8.8 Mark 3 In-Line pump, Group 2

3240 3712)4310.2) (6700) {3160

Wil

(o)}
(o))
co
o
N

4134

N
N
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3013)\670.12)(6521) (3200

NN}

3011

2400

4120

4200

4590.3

1340

@
4130) (4590.2) (21 0 @

ltem Description 3712 Bearing locknut 6569.3 Plug — sight gage
1100 Casing 4120 Gland 6570.1 Screw - casing
1220 Cover 4130 Packing - optional 6570.2 Screw - cover/adapter
1340 Adapter - bearing housing 4134 Seal cage — packing optional, 6570.3 Screw - bearing carrier set
2100 Shaft 4200 Mechanical seal 6570.5 Screw - bearing housing
2200 Impeller 4310.1 Qil seal inboard 6570.12 | Screw - clamp
2400 Sleeve, optional 4310.2 Qil seal outboard 6570.15* | Screw — pump stand
2530.1 Retaining ring - bearing 4590.1 Gasket - cover 6572.2 Stud - gland
2530.2 Retaining ring - clamp type 4590.2 Gasket - impeller 6572.3 Stud — pedestal casing
2540 Deflector - inboard optional 4590.3 Gasket - gland 6575 Jackscrew
3011 Ball bearing - inboard 4610.1 O-ring - adapter 6580.2 Nut - gland
3013 Ball bearing - outboard 4610.2 O-ring - bearing carrier 6580.3 Nut — pedestal casing
3160 Motor pedestal 6521 Plug - bearing housing vent 6580.4 Nut — jackscrew jam nut
3170 Pump stand 6541.1 Lockwasher - bearing 6700 Key - shaft/coupling
3200 Bearing housing 6541.3 Washer
3240 Bearing carrier 6569.1 Plug

* Not shown
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8.9 Mark 3 C-Face Adapter, Group 1 and Group 2

ses

MARK 3 USER INSTRUCTIONS ENGLISH 71569102 08-06

6575
SPACER
6580.4
ij ' b
——— .Q\‘; () T
i [ I TN =
A L
— ] =
gﬁ — ".
e
H m.m...é-= A
Tk Al
{ ’h{ I
i N
; X
COUPLING
MOTOR GUARD
Item Description 6570.17 Screw — foot set screw
3134 Support foot 6572.4 Stud - motor
3160 Motor pedestal — C-Face 6575 Jackscrew
3200 Bearing housing 6580.4 Nut - jackscrew
6570.15 Screw — bearing housing 6580.5 Nut - motor
6570.16 Screw — coupling guard

8.10 General arrangement drawing
The typical general arrangement drawing and any

specific drawings required by the contract will be sent

to the Purchaser separately unless the contract

specifically calls for these to be included into the User

Instructions.

If required, copies of other drawings

sent separately to the Purchaser should be obtained

from the Purchaser and retained with these User
Instructions.
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9 CERTIFICATION

Certificates, determined from the contract
requirements are provided with these instructions
where applicable. Examples are certificates for CE
marking and ATEX marking etc. If required, copies of
other certificates sent separately to the Purchaser
should be obtained from Purchaser for retention with
these User Instructions.

10 OTHER RELEVANT
DOCUMENTATION AND MANUALS

10.1 Supplementary User Instructions
Supplementary instructions such as for a driver,
instrumentation, controller, seals, sealant systems etc
are provided as separate documents in their original
format. If further copies of these are required they
should be obtained from the supplier for retention
with these User Instructions.

10.2 Change notes

If any changes, agreed with Flowserve Pump
Division, are made to the product after it is supplied,
a record of the details should be maintained with
these User Instructions.

10.3 Additional sources of information
The following are excellent sources for additional
information on Flowserve Mark 3 pumps, and
centrifugal pumps in general.

Pump Engineering Manual
R.E. Syska, J.R. Birk,
Flowserve Corporation, Dayton, Ohio, 1980.

Specification for Horizontal End Suction Centrifugal
Pumps for Chemical Process, ASME B73.1M

The American Society of Mechanical Engineers,
New York, NY.

Specification for Vertical In-Line Centrifugal Pumps
for Chemical Process, ASME B73.2M

The American Society of Mechanical Engineers,
New York, NY.

American National Standard for Centrifugal Pumps
for Nomenclature, Definitions, Design and Application
(ANSI/HI 1.1-1.3)

Hydraulic Institute, 9 Sylvan Way, Parsippany,

New Jersey 07054-3802.
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American National Standard for Vertical Pumps for
Nomenclature, Definitions, Design and Application
(ANSI/HI 2.1-2.3)

Hydraulic Institute, 9 Sylvan Way, Parsippany,
New Jersey 07054-3802.

American National Standard for Centrifugal Pumps for
Installation, Operation, and Maintenance (ANSI/HI 1.4)
Hydraulic Institute, 9 Sylvan Way, Parsippany,

New Jersey 07054-3802.

Flowserve Durco Pump Parts Catalog.
Flowserve Mark 3 Sales Bulletin.
Flowserve Mark 3 Technical Bulletin (P-10-501).

RESP73H Application of ASME B73.1M-1991,
Specification for Horizontal End Suction Centrifugal
Pumps for Chemical Process, Process Industries
Practices

Construction Industry Institute, The University of
Texas at Austin, 3208 Red River Street, Suite 300,
Austin, Texas 78705.

Pump Handbook
2nd edition, Igor J. Karassik et al, McGraw-Hill, Inc.,
New York, NY, 1986.

Centrifugal Pump Sourcebook
John W. Dufour and William E. Nelson,
McGraw-Hill, Inc., New York, NY, 1993.

Pumping Manual, 9th edition

T.C. Dickenson, Elsevier Advanced Technology,
Kidlington, United Kingdom, 1995.
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Your Flowserve factory contacts:

Flowserve Pump Division
3900 Cook Boulevard
Chesapeake, VA 23323-1626 USA

Telephone +1 757 485 8000
Fax +1 757 485 8149

Flowserve Pumps Limited
PO Box 17, Newark, Notts NG24 3EN
United Kingdom

Telephone (24 hours) +44 (0)1636 494 600
Sales & Admin Fax +44 (0)1636 705 991
Repair & Service Fax +44 (0)1636 494 833
E.mail inewark@flowserve.com

Your local Flowserve representative:

To find your local Flowserve representative please
use the Sales Support Locator System found at
www.flowserve.com

flowserve.com
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FLOWSERVE REGIONAL
SALES OFFICES:

USA and Canada

Flowserve Corporation

5215 North O’Connor Bivd.,
Suite 2300

Irving, Texas 75039-5421, USA
Telephone +1 972 443 6500
Fax +1 972 443 6800

Europe, Middle East, Africa
Worthing S.P.A.

Flowserve Corporation

Via Rossini 90/92

20033 Desio (Milan), Italy
Telephone +39 0362 6121
Fax +39 0362 303 396

Latin America and Caribbean
Flowserve Corporation

6840 Wynnwood Lane
Houston, Texas 77008, USA
Telephone +1 713 803 4434
Fax +1 713 803 4497

Asia Pacific

Flowserve Pte. Ltd

200 Pandan Loop #06-03/04
Pantech 21

Singapore 128388
Telephone +65 6775 3003
Fax +65 6779 4607
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Installation, Operation and Maintenance Manual

of Electric Motors

This manual provides information about WEG induction motors fitted with

squirrel cage, permanent magnet or hybrid rotors, low and high voltage, in

frame size IEC 56 to 630 and NEMA 42 to 9606/10.

The motor lines indicated below have additional information that can be

checked in their respective manuals:

= Smoke Extraction Motors;

= Electromagnetic Brake Motors;

= Hazardous Area Motors.

These motors meet the following standards, if applicable:

= NBR 17094-1: Maquinas Elétricas Girantes - Motores de Inducao - Parte 1:
= Trifasicos

= NBR 17094-2: Maquinas Elétricas Girantes - Motores de Indugéo - Parte 1:
= Monofasicos

= |EC 60034-1: Rotating Electrical Machines - Part 1:
= Rating and Performance

= NEMA MG 1: Motors and Generators

= CSA C 22.2 N°100: Motors and Generators

= UL 1004-1: Rotating Electrical Machines — General Requirements

If you have any questions regarding this material please contact your local
WEG branch, contact details can be found at www.weg.net.
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Balancing: the procedure by which the mass distribution of a rotor is checked and, if necessary, adjusted to
ensure that the residual unbalance or the vibration of the journals and/or forces on the bearings at a frequency
corresponding to service speed are within specified limits in International Standards.

[ISO 1925:2011, definition 4.1]

Balance quality grade: indicates the peak velocity amplitude of vibration, given in mm/s, of a rotor running free-
in-space and it is the product of a specific unbalance and the angular velocity of the rotor at maximum
operating speed.

Grounded Part: metallic part connected to the grounding system.

Live Part: Conductor or conductive part intended to be energized in normal operation, including a neutral
conductor.

Authorized personnel: employee who has formal approval of the company.

Qualified personnel: employee who meets the following conditions simultaneously:
Receives training under the guidance and responsibility of a qualified and authorized professional;
Works under the responsibility of a qualified and approved professional.

Note: The qualification is only valid for the company that trained the employee in the conditions set out by the authorized and qualified
professional responsible for training.
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/a..  Electric motors have energized circuits, exposed rotating parts and hot surfaces that may cause serious
' ' ", injury to people during normal operation. Therefore, it is recommended that transportation, storage,
installation, operation and maintenance services are always performed by qualified personnel.
Also the applicable procedures and relevant standards of the country where the machine will be installed must
be considered.
Noncompliance with the recommended procedures in this manual and other references on the WEG website
may cause severe personal injuries and/or substantial property damage and may void the product warranty.

For practical reasons, it is not possible to include in this Manual detailed information that covers all construction
variables nor covering all possible assembly, operation or maintenance alternatives.

This Manual contains only the required information that allows qualified and trained personnel to carry out their
services. The product images are shown for illustrative purpose only.

For Smoke Extraction Motors, please refer to the additional instruction manual 50026367 available on the
website www.weg.net.

For brake motors, please refer to the information contained in WEG 50006742 / 50021973 brake motor manual
available on the website www.weg.net.

' The user is responsible for the correct definition of the installation environment and application
{ & % characteristics.

' During the warranty period, all repair, overhaul and reclamation services must be carried out by WEG
{ = % authorized Service Centers to maintain validity of the warranty.

2.1. WARNING SYMBOL

' During the warranty period, all repair, overhaul and reclamation services must be carried out by WEG
¢ & % authorized Service Centers to maintain validity of the warranty.

2.2. RECEIVING INSPECTION

All motors are tested during the manufacturing process.
The motor must be checked when received for any damage that may have occurred during the transportation.
All damages must be reported in writing to the transportation company, to the insurance company and to
WEG. Failure to comply with such procedures will void the product warranty.
You must inspect the product:

Check if nameplate data complies with the purchase order;

Remove the shaft locking device (if any) and rotate the shaft by hand to ensure that it rotates freely.

Check that the motor has not been exposed to excessive dust and moisture during the transportation.
Do not remove the protective grease from the shaft, or the plugs from the cable entries. These protections must
remain in place until the installation has been completed.
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2.3. NAMEPLATES

The nameplate contains information that describes the construction characteristics and the performance of the
motor. Figure 2-1 and Figure 2-2 show nameplate layout examples.
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~ The motor must be disconnected from the power supply and be completely stopped before conducting
/ ! ' any installation or maintenance procedures. Additional measures should be taken to avoid accidental
' - motor starting.

&\ Professionals working with electrical installations, either in the assembly, operation or maintenance,
! ' should use proper tools and be instructed on the application of standards and safety requirements,
~ including the use of Personal Protective Equipment (PPE) that must be carefully observed in order to
reduce risk of personal injury during these services.

& Electric motors have energized circuits, exposed rotating parts and hot surfaces that may cause serious
/ ! ' injury to people during normal operation. It is recommended that transportation, storage, installation,
' - operation and maintenance services are always performed by qualified personnel.

Always follow the safety, installation, maintenance and inspection instructions in accordance with the applicable
standards in each country.

HSITON3
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4. HANDLING AND TRANSPORT

Individually packaged motors should never be lifted by the shaft or by the packaging. They must be lifted only by
means of the eyebolts, when supplied. Use always suitable lifting devices to lift the motor. Eyebolts on the frame
are designed for lifting the machine weight only as indicated on the motor nameplate. Motors supplied on pallets
must be lifted by the pallet base.

The package should never be dropped. Handle it carefully to avoid bearing damage.

= Eyebolts provided on the frame are designed for lifting the machine only. Do not use these eyebolts for
{;’r !\'& lifting the motor with coupled equipment such as bases, pulleys, pumps, reducers, etc.

Never use damaged, bent or cracked eyebolts. Always check the eyebolt condition before lifting the motor.

Eyebolts mounted on components, such as on end shields, forced ventilation kits, etc. must be used for lifting
these components only. Do not use them for lifting the complete machine set.

Handle the motor carefully without sudden impacts to avoid bearing damage and prevent excessive mechanical
stresses on the eyebolts resulting in its rupture.

2. Tomove or transport motors with cylindrical roller bearings or angular contact ball bearings, use always
/ \‘.\'\. the shaft locking device provided with the motor.
All HGF motors, regardless of bearing type, must be transported with shaft locking device fitted.

4.1. LIFTING

= Before lifting the motor ensure that all eyebolts are tightened properly and the eyebolt shoulders are in
lrff ' \"xx contact with the base to be lifted, as shown in Figure 4-1. Figure 4-2 shows an incorrect tightening of the
eyebolt.
Ensure that lifting machine has the required lifting capacity for the weight indicated on the motor nameplate.

Figure 4-1 — Correct tightening of the eyebolt Figure 4-2 — Incorrect tightening of
the eyebolt

;’i‘\_ The center-of-gravity may change depending on motor design and accessories. During the lifting
F. b . . . . e
i« % procedures the maximum allowed angle of inclination should never be exceeded as specified below.

4.1.1. Horizontal motors with one eyebolt

For horizontal motors fitted with only one eyebolt, the maximum allowed angle-of-inclination during the lifting
process should not exceed 30° in relation to the vertical axis, as shown in Figure 4-3.

30° Max.

Figure 4-3 — Maximum allowed angle-of-inclination for motor with one eyebolt
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4.1.2. Horizontal motor with two eyebolts

When motors are fitted with two or more eyebolts, all supplied eyebolts must be used simultaneously for the
lifting procedure.

There are two possible eyebolt arrangements (vertical and inclined), as shown below:
= For motors with vertical lifting eyebolts, as shown in Figure 4-4, the maximum allowed lifting angle should not

exceed 45° in relation to the vertical axis. We recommend to use a spreader bar for maintaining the lifting
elements (chain or rope) in vertical position and thus preventing damage to the motor surface.

Figure 4-4 — Maximum resulting angle for motors with two or more lifting eyebolts

= For HGF motors, as shown in Figure 4-5, the maximum resulting angle should not exceed 30° in relation to the
vertical axis.

Figure 4-5 — Maximum resulting angle for horizontal HGF motors

= For motors fitted with inclined eyebolts, as shown in Figure 4-6, the use of a spreader bar is required for

maintaining the lifting elements (chain or rope) in vertical position and thus preventing damage to the motor
surface.

Figure 4-6 — Use of a spreader bar for lifting
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4.1.3. Vertical Motors

For vertical mounted motors, as shown in Figure 4-7, the use of a spreader bar is required for maintaining the
lifting element (chain or rope) in vertical position and thus preventing damage to the motor surface.

8
{
1
q
]
$

Figure 4-7 — Lifting of vertical mounted motors

i\‘ Use always the eyebolts mounted on the top side of the motor, diametrically opposite, considering the
/ + " mounting position. See Figure 4-8.

Figure 4-8 — Lifting of HGF motors

4.1.3.1. Procedures to place W22 motors in the vertical position

For safety reasons during the transport, vertical mounted Motors are usually packed and supplied in horizontal
position.

To place W22 motors fitted with eyebolts (see Figure 4-6), to the vertical position, proceed as follows:

1. Ensure that the eyebolts are tightened properly, as shown in Figure 4-1;
2. Remove the motor from the packaging, using the top mounted eyebolts, as shown in Figure 4-9;

Figure 4-9 — Removing the motor from the packaging
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3. Install a second pair of eyebolts, as shown in Figure 4-10;

www.weg.net

Figure 4-10 - Installation of the second pair of eyebolts

4. Reduce the load on the first pair of eyebolts to start the motor rotation, as shown in Figure 4-11. This
procedure must be carried out slowly and carefully.

Figure 4-11 — End result: motor placed in vertical position

These procedures will help you to move motors designed for vertical mounting. These procedures are also
used to place the motor from the horizontal position into the vertical position and vertical to horizontal.

4.1.3.2. Procedures to place HGF motors in the vertical position

HGF motors are fitted with eight lifting points: four at drive end and four at non-drive end. The HGF motors are
usually transported in horizontal position, however for the installation they must be placed in the vertical
position.

To place an HGF motor in the vertical position, proceed as follows:

1. Lift the motor by using the four lateral eyebolts and two hoists, see Figure 4-12;

] e

il il et et byt ot

e e el B e el e
3 o o

Figure 4-12 — Lifting HGF motor with two hoists
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2. Lower the hoist fixed to motor drive end while lifting the hoist fixed to motor non-drive end until the motor
reaches its equilibrium, see Figure 4-13.

Figure 4-13 — Placing HGF motor in vertical position

3. Remove the hoist hooks from the drive end eyebolts and rotate the motor 180° to fix the removed hooks into
the two eyebolts at the motor non-drive end, see Figure 4-14.

Figure 4-14 — Lifting HGF motors by the eyebolts at the non-drive end

4. Fix the removed hoist hooks in the other two eyebolts at the non-drive end and lift the motor until the vertical
position is reached, see Figure 4-15.

Figure 4-15 — HGF motor in the vertical position

These procedures will help you to move motors designed for vertical mounting. These procedures are also
used to place the motor from the horizontal position into the vertical position and vertical to horizontal.
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5. STORAGE

If the motor is not installed immediately, it must be stored in a dry and clean environment, with relative humidity
not exceeding 60%, with an ambient temperature between 5 °C and 40 °C, without sudden temperature
changes, free of dust, vibrations, gases or corrosive agents. The motor must be stored in horizontal position,
unless specifically designed for vertical operation, without placing objects on it. Do not remove the protection
grease from shaft end to prevent rust. Store the motor in such position that the condensed water can be easily
drained. If fitted, remove pulleys or couplings from the shaft end.

If the motor are fitted with space heaters, they must always be turned on during the storage period or when the
installed motor is out of operation. Space heaters will prevent water condensation inside the motor and keep
the winding insulation resistance within acceptable levels.

i,

f;’ ' \‘-\ The space heaters should never be energized when the motor is in operation.

5.1. EXPOSED MACHINED SURFACES

All exposed machined surfaces (like shaft end and flange) are factory-protected with temporary rust inhibitor. A
protective film must be reapplied periodically (at least every six months), or when it has been removed and/or
damaged.

5.2. STORAGE

The stacking height of the motor packaging during the storage period should not exceed 5 m, always
considering the criteria indicated in Table 5-1:

Table 5-1 — Max. recommended stacking height

Packaging Type Frame sizes Maximum stacking quantity
IEC 63 to 132 Indicated on the top side of
ERICLSRRIE NEMA 143 to 215 the cardboard box
IEC 63 to 315 06
NEMA 48 to 504/5
IEC 355
LR EED NEMA 586/7 and 588/9 o
HIER 15O o Be Indicated on the packagin
HGF NEMA 5000 to 9600 packaging

Notes:
1) Never stack larger packaging onto smaller packaging.
2) Align the packaging correctly (see Figure 5-1 and Figure 5-2).

Figure 5-1 — Correct stacking Figure 5-2 — Incorrect stacking
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3) The feet of the crates above should always be supported by suitable wood battens (Figure 5-3) and never
stand on the steel tape or without support (Figure 5-4).

Figure 5-3 — Correct stacking Figure 5-4 — Incorrect stacking

4) When stacking smaller crates onto longer crates, always ensure that suitable wooden supports are provided
to withstand the weight (see Figure 5-5). This condition usually occurs with motor packaging above IEC 225S/M
(NEMA 364/5T) frame sizes.

Figure 5-5 — Use of additional battens for stacking

5.3 BEARINGS
5.3.1 Grease lubricated bearings

We recommend rotating the motor shaft at least once a month (by hand, at least five revolutions, stopping the
shaft at a different position from the original one). If the motor is fitted with shaft locking device, remove it before
rotating the shaft and install it again before performing any handling procedure. Vertical motors may be stored
in the vertical or in horizontal position. If motors with open bearings are stored longer than six months, the
bearings must be relubricated according to Item 8.2 before commissioning of the motor.

If the motor is stored for longer than 2 years, the bearings must be replaced or removed, washed, inspected
and relubricated according to Iltem 8.2.

5.3.2 Oil Lubricated bearings

The motor must be stored in its original operating position and with oil in the bearings. Correct oil level must be
ensured. It should be in the center of the sight glass.

During the storage period, remove the shaft locking device and rotate the shaft by hand every month, at least
five revolutions, thus achieving an even oil distribution inside the bearing and maintaining the bearing in good
operating conditions. Reinstall the shaft locking device every time the motor has to be moved.

If the motor is stored for a period of over six months, the bearings must be relubricated according to Item 8.2
before starting the operation. If the motor is stored for a period of over two years, the bearings must be
replaced or removed, washed according to manufacturer instructions, checked and relubricated according to
[tem 8.2. The oil of vertical mounted motors that are transported in horizontal position is removed to prevent
oils leaks during the transport. These motors must be stored in vertical position after receiving and the bearing
must be lubricated.
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5.3.3 Oil Mist lubricated bearings

The motor must be stored in its horizontal position. Lubricate the bearings with ISO VG 68 mineral oil in the
amount indicated in the Table 5.2 (this is also valid for bearings with equivalent dimensions). After filling with oil,
rotate the shaft by hand, at least five revolutions)

During the storage period, remove the shaft locking device (if any) and rotate the shaft by hand every week, at
least five revolutions, stopping it at a different position from the original one. Reinstall the shaft locking device
every time the motor has to be moved. If the motor is stored for a period of over two years, the bearings must
be replaced or removed, washed according to manufacturer instructions, checked and relubricated according

to ltem 8.2.
Table 5-2 - Amount of oil per bearing

Bearing Size Amount of Oil (ml) Bearing Size Amount of Oil (ml)
6201 15 6309 65
6202 15 6311 90
6203 15 6312 105
6204 25 6314 150
6205 25 6315 200
6206 35 6316 250
6207 85 6317 300
6208 40 6319 350
6209 40 6320 400
6211 45 6322 550
6212 50 6324 600
6307 45 6326 650
6308 55 6328 700

The oil must always be removed when the motor has to be handled. If the oil mist system is not operating after
installation, fill the bearings with oil to prevent bearing rusting. During the storage period, rotate the shaft by
hand, at least five revolutions, stopping it at a different position from the original one. Before starting the motor,
all bearing protection oil must be drained from the bearing and the oil mist system must be switched ON.

5.3.4 Sleeve Bearing

The motor must be stored in its original operating position and with oil in the bearings. Correct oil level must be
ensured. It should be in the middle of the sight glass. During the storage period, remove the shaft locking
device and rotate the shaft by hand every month, at least five revolutions, thus achieving an even oil distribution
inside the bearing and maintaining the bearing in good operating conditions. Reinstall the shaft locking device
every time the motor has to be moved.

If the motor is stored for a period of over six months, the bearings must be relubricated according to the ltem
8.2 before starting the operation.

If the motor is stored for a period longer than the oil change interval, or if it is not possible to rotate the motor
shaft by hand, the oil must be drained and a corrosion protection and dehumidifiers must be applied.

5.4. SPACE HEATER

We recommend measuring the winding insulation resistance at regular intervals to follow-up and evaluate its
electrical operating conditions. If any reduction in the insulation resistance values are recorded, the storage
conditions should be evaluated and corrected, where necessary.

5.4.1. Insulation resistance measurement

We recommend measuring the winding insulation resistance at regular intervals to follow-up and evaluate its
electrical operating conditions. If any reduction in the insulation resistance values are recorded, the storage
conditions should be evaluated and corrected, where necessary.

' " The insulation resistance must be measured in a safe environment.
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The insulation resistance must be measured with a megohmmeter. The machine must be in cold state and

disconnected from the power supply.

' To prevent the risk of an electrical shock, ground the terminals before and after each measurement.
¢ %+ % Ground the capacitor (if any) to ensure that it is fully discharged before the measurement is taken.

It is recommended to insulate and test each phase separately. This procedure allows the comparison of the
insulation resistance between each phase. During the test of one phase, the other phases must be grounded.
The test of all phases simultaneously evaluates the insulation resistance to ground only but does not evaluate

the insulation resistance between the phases.

The power supply cables, switches, capacitors and other external devices connected to the motor may
considerably influence the insulation resistance measurement. Thus all external devices must be disconnected
and grounded during the insulation resistance measurement.

Measure the insulation resistance one minute after the voltage has been applied to the winding. The applied

voltage should be as shown in Table 5-3.

Table 5-3 — loltage for the insulation resistance

Winding rated voltage (V) Testing voltage for measuring the insulation resistance (V)
< 1000V 500
1000 - 2500 500 - 1000
2501 - 5000 1000 - 2500
5001 - 12000 2500 - 5000
> 12000 5000 - 10000

The reading of the insulation resistance must be corrected to 40°C as shown in the Table 5-4.

Table 5-4 — Correction Factor for the Insulation Resistance corrected to 40°C

Measuring temperature Correction factor of the Measuring temperature of Correction factor of the
of the insulation insulation resistance the insulation resistance insulation resistance
resistance (°C) corrected to 40°C (°C) corrected to 40°C
10 0,125 30 0,500
11 0,134 31 0,536
12 0,144 32 0,574
13 0,154 33 0,616
14 0,165 34 0,660
15 0,177 35 0,707
16 0,189 36 0,758
17 0,203 37 0,812
18 0,218 38 0,871
19 0,233 39 0,933
20 0,250 40 1,000
21 0,268 41 1,072
22 0,287 42 1,149
23 0,308 43 1,231
24 0,330 44 1,320
25 0,354 45 1,414
26 0,379 46 1,516
27 0,406 47 1,625
28 0,435 48 1,741
29 0,467 49 1,866
30 0,500 50 2,000
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The motor insulation condition must be evaluated by comparing the measured value with the values
indicated in Table 5-5 (corrected to 40 °C):

Table 5-5 — Evaluation of the insulation system

Limit value for rated voltage Limit value for rated voltage Situation
up to 1.1 kV (MQ) above 1.1 kV (MQ)
Upto5 Up to 100 "o operated i this condtion.
510 100 100 to 500 Regular
100 to 500 Higher than 500 Good
Higher than 500 Higher than 1000 Excellent

The values indicated in the table should be considered only as reference values. It is advisable to log all
measured values to provide a quick and easy overview on the machine insulation resistance.

If the insulation resistance is low, moisture may be present in the stator windings. In this case the motor
should be removed and transported to a WEG authorized Service Center for proper evaluation and repair
(This service is not covered by the warranty). To improve the insulation resistance through the drying

process, see section 8.4.
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/ ' “ The insulation resistance must be measured in a safe environment.

Check some aspects before proceeding with the installation:

1. Insulation resistance: must be within the acceptable limits. See item 5.4.

2. Bearings:

a. Rolling bearings: oxidized bearings must be replaced. If no oxidation is detected, lubricate the bearings as
described in Item 8.2. If the motor is stored for a period of over two years, the bearings must be replaced
before starting the motor.

b. Sleeve bearing: if sleeve bearing motors are stored longer than the recommended oil change interval, the
oil must be changed before machine starting. Don’t forget to remove the dehumidifiers when you drain the
oil from the motor and to fill it again with new oil before starting the machine. For more details, see item
8.2.

3. Operating conditions of the start capacitors: If single-phase motors are stored for a period of over two years,
it is recommended to change the start capacitors before motor starting since they lose their operating
characteristics.

4. Terminal box:

a. the inside of the terminal box must be clean and dry.

b. the contacts must be correctly connected and corrosion free. See 6.9 and 6.10.

c. the cable entries must be correctly sealed and the terminal box cover properly mounted in order to ensure
the degree of protection indicated on the motor nameplate.

5. Cooling: the cooling fins, air inlet and outlet openings must be clean and unobstructed. The distance
between the air inlet openings and the wall should not be shorter than ¥ (one quarter) of the diameter of the
air inlet. Ensure sufficient space to perform the cleaning services. See item 7.

6. Coupling: remove the shaft locking device (where fitted) and the corrosion protection grease from the shaft
end and flange just before installing the motor. See item 6.4.

7. Drain hole: the motor must always be positioned so the drain hole is at the lowest position. (If there is
any indication arrow, the drain must be so installed that the arrow points downwards).

On Motors with IP 55 degree of protection, the rubber drain plugs (where fitted) may be always in open

position (see Figure 6-1).

For higher degrees of protections (for instance, IP56, IP65 and IP66), the drain plugs (regardless of type)

should remain in closed position (see Figure 6-2). These drain plugs are opened only during motor repair

services to drain the condensed water from inside the motor. (See Section 8.1)

The drain system of motors with Oil Mist lubrication system must be connected to a specific collection

system (see Figure 6-12 on page 27).

Figure 6-1 — Detail of the rubber drain plug mounted in open position

I

Figure 6-2 — Detail of the rubber drain plug mounted in closed position
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8.Additional recommmendations:
a. Check the direction of motor rotation, starting the motor at no-load before coupling it to the load.
b. Vertical mounted motors with shaft end down must be fitted with drip cover to protect them from liquids
or solids that may drop onto the motors.
c. Vertical mounted motors with shaft end up must be fitted with water slinger ring to prevent water
penetration inside the motor.

{f'x!\"xx Remove or fix the shaft key before starting the motor.

6.1. FOUNDATIONS

The foundation is the structure, structural element, natural or prepared base, designed to withstand the
stresses produced by the installed equipment, ensuring safe and stable performance during operation. The
foundation design should consider the adjacent structures to avoid the influences of other installed equipment
and no vibration is transferred through the structure

The foundation must be flat and its selection and design must consider the following characteristics:

a) The features of the machine to be installed on the foundation, the driven loads, application, maximum
allowed deformations and vibration levels (for instance, motors with reduced vibration levels, foot flatness,
flange concentricity, axial and radial loads, etc. lower than the values specified for standard motors).

b) Adjacent buildings, conservation status, maximum applied load estimation, type of foundation and fixation
and vibrations transmitted by theses constructions.

If the motor is supplied with leveling/alignment bolts, this must be considered in the base design.

A\ Please consider for the foundation dimensioning all stresses that are generated during the operation of
Y ! s, the driven load.
The user is responsible for the foundation designing and construction.

The motors may be mounted on:
Concrete bases: are most used for large-size motors (see Figure 6-3);
Metallic bases: are generally used for small-size motors (see Figure 6-4).

Figure 6-3 — Motor installed on concrete base Figure 6-4 — Motor installed on metallic base
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The metallic and concrete bases may be fitted with sliding system. These types of foundations are generally
used where the power transmission is achieved by belts and pulleys. This power transmission system is easier
to assemble/disassemble and allows the belt tension adjustment. Other important aspect of this foundation
type is the location of the base locking screws that must be diagonally opposite. The rail nearest the drive
pulley is placed in such a way that the positioning bolt is between the motor and the driven machine. The other
rail must be placed with the bolt on the opposite side (diagonally opposite), as shown in Figure 6-5.

To facilitate assembly, the bases may have the following features:
= shoulders and/or recesses;

anchor bolts with loose plates;

bolts cast in the concrete;

leveling screws;

positioning screws;

steel & cast iron blocks, plates with flat surfaces.

ENGLISH

Figure 6-5 — Motor installed on sliding base

After completing the installation, it is recommended that all exposed machined surfaces are coated with
suitable rust inhibitor.
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6.2. MOTOR FIXATION
6.2.1. Foot mounted motors

The drawings of the mounting hole dimensions for NEMA or IEC motors can be checked in the respective
technical catalogue.

The motor must be correctly aligned and leveled with the driven machine. Incorrect alignment and leveling may
result in bearing damage, generate excessive vibration and even shaft distortion/breakage.

For more details, see section 6.3 and 6.6. The thread engagement length of the fixing bolt should be at least
1.5 times the bolt diameter. This thread engagement length should be evaluated in more severe applications
and increased accordingly.

Figure 6-6 shows the fixation system of a foot mounted motor indicating the minimum required thread
engagement length.

D

Figure 6-6 — Fixation system of a foot mounted motor
6.2.2. Flange mounted motors

The drawings of the flange mounting dimensions, IEC and NEMA flanges, can be checked in the technical

catalogue.

The coupling of the driven equipment to the motor flange must be properly dimensioned to ensure the required

concentricity of the assembly.

Depending on the flange type, the fixation can be performed from the motor to the driven equipment flange

(flange FF (IEC) or D (NEMA)) or from the driven equipment flange to the motor (flange C (DIN or NEMA)).

For the fixing process from the driven equipment flange to the motor, you must consider the bolt length, flange

thickness and the thread depth of the motor flange.

/‘ﬁ‘\_ If the motor flange has tapped through-holes, the length of the fixing bolts must not exceed the tapped
LY through-hole length of the motor flange, thus preventing damage to the winding head.

For flange fixation the thread engagement length of the fixing bolt should be at least 1.5 times the bolt diameter.
In severe applications, longer thread engagement length may be required.

In severe applications or if large motors are flange mounted, a foot or pad fixation may be required in addition to
the flange fixation (Figure 6-7). The motor must never be supported on its cooling fins.
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Figure 6-7 — Fixing method of flange mounted motors with frame base support

Note:
When liquid (for example oil) is likely to come into contact with the shaft seal, please contact your local WEG representative.

6.2.3. Pad mounted motors

Typically, this method of fixation is used in axial fans. The motor is fixed by tapped holes in the frame. The
dimensions of these tapped holes can be checked in the respective product catalogue. The selection of the
motor fixing rods/bolts must consider the dimensions of the fan case, the installation base and the thread depth
in the motor frame.

The fixing rods and the fan case wall must be sufficiently stiff to prevent the transmission of excessive vibration
to the machine set (motor & fan). Figure 6-8 shows the pad mounting system.

Figure 6-8 — Fixation of the motor inside the cooling duct

6.3. BALANCING

Unbalanced machines generate vibration which can result in damage to the motor. WEG motors are
dynamically balanced with “half key” and without load (uncoupled). Special balancing quality level must be
stated in the Purchase Order.

f;’i‘x_ The transmission elements, such as pulleys, couplings, etc., must balanced with “half key” before they
¢+ are mounted on the motor shaft.

The balance quality grade meets the applicable standards for each product line.

The maximum balancing deviation must be recorded in the installation report

6.4. COUPLINGS

Couplings are used to transmit the torque from the motor shaft to the shaft of the driven machine. The

following aspects must be considered when couplings are installed:

= Use proper tools for coupling assembly & disassembly to avoid damages to the motor and bearings.

= Whenever possible, use flexible couplings, since they can absorb eventual residual misalignments during the
machine operation.

= The maximum loads and speed limits informed in the coupling and motor manufacturer catalogues cannot
be exceeded.

= | evel and align the motor as specified in sections 6.5 and 6.6, respectively.
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;’i‘x Remove or fix the shaft key firmly when the motor is operated without coupling in order to prevent
¢ ¥ % accidents.

6.4.1. Direct coupling

Direct coupling is characterized when the Motor shaft is directly coupled to the shaft of the driven machine
without transmission elements. Whenever possible, use direct coupling due to lower cost, less space required
for installation and more safety against accidents.

f;’ ' “\ Do not use roller bearings for direct coupling.

6.4.2. Gearbox coupling

Gearbox coupling is typically used where speed reduction is required.
Make sure that shafts are perfectly aligned and strictly parallel (in case of straight spur gears) and in the right
meshing angle (in case of bevel and helical gears).

6.4.3. Pulley and belt coupling

Pulleys and belts are used when speed increase or reduction between motor shaft and driven load is required.

;’i\. Excessive belt tension will damage the bearings and cause unexpected accidents such as breakage of
/% % the motor shaft.

6.4.4. Coupling of sleeve bearing motors

;ix Motors designed with sleeve bearings must be operated with direct coupling to the driven machine or a
/¥ gearbox. Pulley and belts can not be applied for sleeve bearing motors.

Motors designed with sleeve bearings have 3 (three) marks on the shaft end. The center mark is the indication
of the magnetic center and the 2 (two) outside marks indicate the allowed limits of the rotor axial movement, as
shown in Figure 6-9.

The motor must be so coupled that during operation the arrow on the frame is placed over the central mark
indicating the rotor magnetic center. During start-up, or even during operation, the rotor may freely move
between the two outside marks when the driven machine exerts an axial load on the motor shaft. However,
under no circumstance, the motor can operate continuously with axial forces on the bearing.

Axial Clearance

Figure 6-9 — Axial clearance of motor designed with sleeve bearing
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i For coupling evaluation consider the maximum axial bearing clearance as shown in Table 6-1.
¢ ¥ % The axial clearance of the driven machine and coupling influence the maximum bearing clearance.

Table 6-1 — Clearance used for sleeve bearings

Bearing size Total axial clearance (mm)
9 3+3=6
11* 4+4=8
14* 5+5 =10
18 75+75=15

* For Motors in accordance with APl 541, the total axial clearance is 12.7 mm

The sleeve bearings used by WEG were not designed to support axial load continuously.
Under no circumstance must the motor be operated continuously at its axial clearance limits.

6.5. LEVELING

The motor must be leveled to correct any deviations in flathess arising from the manufacturing process and the
material structure rearrangement. The leveling can be carried out by a leveling screw fixed on the motor foot or
on the flange or by means of thin compensation plates. After the leveling process, the leveling height between
the motor fixation base and the motor cannot exceed 0.1 mm.

If a metallic base is used to level the height of the motor shaft end and the shaft end of the driven machine, level
only the metallic base relating to the concrete base.

Record the maximum leveling deviations in the installation report.
6.6. ALIGNMENT

The correct alignment between the motor and the driven machine is one of the most important variables that
extends the useful service life of the motor. Incorrect coupling alignment generates high loads and vibrations
reducing the useful life of the bearings and even resulting in shaft breakages. Figure 6-10 illustrates the
misalignment between the motor and the driven machine.

Eixo do Acionador — C desalinhamentn Eixo do Acionado
maximo acorre
agui
— e — — —— ‘i:),.-l‘—-— T —
Cffset
: Offset acianado
acionador  (Mmils oumm)

v {mils ou mm}

Figure 6-10 — Typical misalignment condition

Alignment procedures must be carried out using suitable tools and devices, such as dial gauge, laser alignment
instruments, etc. The motor shaft must be aligned axially and radially with the driven machine shaft.

The maximum allowed eccentricity for a complete shaft turn should not exceed 0.03 mm, when alignment is
made with dial gauges, as shown in Figure 6-11. Ensure a gap between couplings to compensate the thermal
expansion between the shafts as specified by the coupling manufacturer.
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Parallel alignment Angular alignment

Figure 6-11 — Alignment with dial gauge

If alignment is made by a laser instrument, please consider the instructions and recommendations provided by
the laser instrument manufacturer.
The alignment should be checked at ambient temperature with machine at operating temperature.

ff; ! \"\_ The coupling alignment must be checked periodically

Pulley and belt couplings must be so aligned that the driver pulley center lies in the same plane of the driven
pulley center and the motor shaft and the shaft of the driven machine are perfectly parallel.

After completing the alignment procedures, ensure that mounting devices do not change the motor and
machine alignment and leveling resulting into machine damage during operation.

It is recommended to record the maximum alignment deviation in the Installation Report.

6.7. CONNECTION OF OIL LUBRICATED OR OIL MIST LUBRICATED MOTORS

When oil lubricated or oil mist lubricated motors are installed, connect the existing lubricant tubes (oil inlet and
oil outlet tubes and motor drain tube), as shown in Figure 6-12. The lubrication system must ensure continuous
oil flow through the bearings as specified by the manufacturer of the installed lubrication system.

<«—I/nlet

* —»Drain

Outlet —»

Figure 6-12 — Oil supply and drain system of oil lubricated or oil mist lubricated motors

6.8. CONNECTION OF THE COOLING WATER SYSTEM

When water cooled motors are installed, connect the water inlet and outlet tubes to ensure proper motor
cooling. According to item 7.2, ensure correct cooling water flow rate and water temperature in the motor
cooling system.
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6.9. ELECTRICAL CONNECTION

Consider the rated motor current, service factor, starting current, environmental and installation conditions,
maximum voltage drop, etc. to select appropriate power supply cables and switching and protection devices.
All motors must be installed with overload protection systems. Three-phase motors should be fitted with phase
fault protection systems.

2. Before connecting the motor, check if the power supply voltage and the frequency comply with the
M o q q q
/ ! “,motor nameplate data. All wiring must be made according to the connection diagram on the motor
nameplate. To prevent accidents, check if motor has been solidly grounded in accordance with the
applicable standards.

If motors are supplied without terminal blocks, insulate the cable terminals with suitable insulation material that
meets the power supply voltage and the insulation class indicated on the motor nameplate.

Ensure correct tightening torque for the power cable and grounding connections as specified in Table 8-7 (Page
55).

The clearance distance (see Figure 6-13) between non-insulated live parts with each other and between
grounded parts must be as indicated in Table 6-2.

Clearance distance isolacao

Clearance distance

! Clearance distance

Figure 6 -13 — Clearance distance representation
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Table 6-2 — Minimum clearance distance (mm) x supply voltage.

Voltage Minimum clearance distance (mm)
U=<440V 4
440 < U < 690V 5.5
690 < U < 1000V 8
1000 < U < 6900V 45
6900 < U < 11000V 70
11000<U < 16500V 105

2. Even when the motor is off, dangerous voltages may be present inside the terminal box used for the
' space heater supply or winding energization when the winding is used as heating element.
Motor capacitors will hold a charge even after the power has been cut off. Do not touch the capacitors
and/or motor terminals, before discharging the capacitors completely.

~ After the motor connection has been completed, ensure that no tool or foreign body has been left inside
* the terminal box.

sz Unused cable inlet holes in the terminal box must be properly closed to ensure the degree of protection
' " indicated on the motor nameplate.
The cable inlets used for power supply and control must be fitted with components (for example, cable-
glands and conduits) that meet the applicable standards and regulations in each country.

. Ifthe motor is fitted with accessories, such as brakes and forced cooling systems, these devices must
", be connected to the power supply according to the information provided on their nameplates and with
special care as indicated above.

All protection devices, including overcurrent protection, must be set according to the rated machine conditions.
These protection devices must protect the machine against short circuit, phase fault or locked rotor condition.
The motor protections devices must be set according to the applicable standards.

Check the direction of rotation of the motor shaft. If there is no limitation for the use of unidirectional fans, the
shaft rotation direction can be changed by reversing any two of the phase connections. For single-phase motor,
check the connection diagram indicated on the motor nameplate.

6.10. CONNECTION OF THE THERMAL PROTECTION DEVICES

If the motor is supplied with temperature monitoring devices, such as, thermostat, thermistors, automatic
thermal protectors, PT-100 (RTD), etc., they must be connected to the corresponding control devices as
specified on the accessory nameplates. The non-compliance with this procedure may void the product
warranty and cause serious material damages.

' Do not apply test voltage above 2.5 V on thermistors and current above 5 mA on RTDs (PT-100).

Figure 6-14 and Figure 6-15 show the connection diagram of the bimetal thermal protector (thermostats) and
thermistors, respectively.

nertemperature obor lermicomente
Owert I Minkeer 1 I
prolecied mabor protegido com

wilh iherneatais termamtates

Wolor thermisch  Mobor fermicoments

durch thermostols  probegido con
gaschystzt termastabes

Sk pwileh

RATED  CLIRRENT
WOLTAGEW) &)

1 -

Figure 6-14 — Connection of the bimetal thermal protectors (thermostats)
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Figure 6-15 — Thermistor connection

The alarm temperature limits and thermal protection shutdowns can be defined according to the application;
however these temperature limits can not exceed the values in Table 6-3.

Table 6-3 — Maximum activation temperature of the thermal protections

Maximum temperature of the protection setting (°C)
Component Insulation class —
Alarm Tripping
B - 130
Winding F 130 155
H 155 180
Bearing All 110 120

Notes:

1) The number and type of the installed protection devices are informed on the accessory nameplate of the motor.

2) If the motor is supplied with calibrated resistance, (for example, Pt 100), the motor protection system must be set according to the
operating temperatures indicated in Table 6-3.

6.11. THERMORESISTANCES (PT-100)

The thermocouples PT-100 are made of materials, whose resistance depends on the temperature variation,
intrinsic property of some materials (usually platinum, nickel or copper), calibrated resistance. Its operation is
based on the principle that the electric resistance of a metallic conductor varies linearly with the temperature,
thus allowing a continuous monitoring of the motor warm-up through the controller display ensuring a high level
of precision and answer stability. These devices are widely used for measuring temperatures in various industry
sectors.

In general these devices are used in installations where precise temperature control is required, for example, in
installation for irregular or intermittent duty.

The same detector may be used for alarm and tripping purposes.

Table 6-4 and Figure 6-16 show the equivalence between the PT-100 resistance and the temperature.
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°C Q °C Q °C Q °C Q °C Q

=29 88.617 17 106.627 63 124.390 109 141.908 155 159.180
-28 89.011 18 107.016 64 124.774 110 142.286 156 159.553
-27 89.405 19 107.404 65 125157 111 142.664 157 159.926
-26 89.799 20 107.793 66 125.540 12 143.042 158 160.298
-25 90.193 21 108.181 67 125.923 113 143.420 159 160.671
-24 90.587 22 108.570 68 126.306 114 143.797 160 161.043
-23 90.980 23 108.958 69 126.689 115 144175 161 161.415
-22 91.374 24 109.346 70 127.072 116 144.652 162 161.787
-21 91.767 25 109.734 71 127.454 117 144.930 163 162.159
-20 92.160 26 110.122 72 127.837 118 145.307 164 162.531
=118 92.553 27 110.509 73 128.219 119 145.684 165 162.903
-18 92.946 28 110.897 74 128.602 120 146.061 166 163.274
-17 93.339 29 111.284 75 128.984 121 146.438 167 163.646
-16 93.732 30 111.672 76 129.366 122 146.814 168 164.017
-15 94125 31 112.059 77 129.748 123 147191 169 164.388
-14 94.517 32 112.446 78 130.130 124 147.567 170 164.760
-13 94.910 33 112.833 79 130.511 125 147.944 171 165.131
-12 956.302 34 113.220 80 130.893 126 148.320 172 165.501
-11 95.694 35 113.607 81 131.274 127 148.696 173 165.872
-10 96.086 36 113.994 82 131.656 128 149.072 174 166.243
5 96.478 37 114.380 83 132.037 129 149.448 175 166.613
-8 96.870 38 114.767 84 132.418 130 149.824 176 166.984
-7 97.262 39 1156163 85 132.799 131 150.199 177 167.354
-6 97.653 40 115.539 86 133.180 132 150.575 178 167.724
-5 98.045 4 115.925 87 133.561 133 150.950 179 168.095
-4 98.436 42 116.311 88 133.941 134 151.326 180 168.465
-3 98.827 43 116.697 89 134.322 135 151.701 181 168.834
-2 99.218 44 117.083 90 134.702 136 152.076 182 169.204
=1 99.609 45 117.469 i 135.083 137 152.451 183 169.574
0 100.000 46 117.854 92 135.463 138 152.826 184 169.943
1 100.391 47 118.240 93 135.843 139 1563.200 185 170.313
2 100.781 48 118.625 94 136.223 140 1563.575 186 170.682
3 101.172 49 119.010 95 136.603 141 1563.950 187 171.0561
4 101.562 50 119.395 96 136.982 142 154.324 188 171.420
5 101.953 51 119.780 97 137.362 143 154.698 189 171.789
6 102.343 52 120.165 98 137.741 144 1565.072 190 172158
7 102.733 53 120.550 o9 138.121 145 155.446 191 172.527
8 103.123 54 120.934 100 138.500 146 156.820 192 172.895
9 103.513 55 121.319 101 138.879 147 156.194 193 173.264
10 103.902 56 121.703 102 139.258 148 156.568 194 173.632
11 104.292 57 122.087 103 139.637 149 1566.941 195 174.000
12 104.681 58 122.471 104 140.016 150 157.315 196 174.368
13 105.071 59 122.855 105 140.395 151 157.688 197 174.736
14 105.460 60 123.239 106 140.773 152 1568.061 198 175.104
15 105.849 61 123.623 107 141.152 153 158.435 188 175.472
16 106.238 62 124.007 108 141.530 154 158.808 200 175.840
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Figure 6-16 — Ohmic resistance of the PT-100 x temperature

6.12. STARTING METHODS

Whenever possible, the motor starting must be Direct On Line (DOL) at rated voltage. This is the most simple
and feasible starting method. However, it must only be applied when the starting current does not affect the
power supply. Please consider the local electric utility regulations when installing a motor.

High inrush current may result in;

a) high voltage drop in the power supply line creating unacceptable line disturbance on the distribution system;
b) requiring oversized protection system (cables and contactor) increasing the installation costs.

If DOL starting is not allowed due to the reasons mentioned above, an indirect starting method compatible with
the load and motor voltage to reduce the starting current may be used.
If reduced voltage starters are used for starting, the motor starting torque will also be reduced.

Table 6-5 shows the possible indirect starting methods that can be used depending on the number of the
motor leads.

Table 6-5 — Starting method x number of motor leads.

Number of leads Possible starting methods

Autotransformer
Soft-starter

Star-Delta Switch
6 leads Autotransformer
Soft-Starter

3 leads

Series/Parallel Switch Autotransformer
Soft-Starter

Star-Delta Switch
12 leads Series/Parallel Switch
Soft-Starter

9 leads
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Table 6-6 shows examples of possible indirect starting methods to be used according to the voltage indicated
on the motor nameplate and the power supply voltage.

Table 6-6 — Starting methods x voltage

Nameplate Operating voltage | Star-delta switch Autotrans_former Starting by s?rles/ Starting by soft-
voltage Starting parallel switch starter

220V YES YES NO YES

220/380V 380V NO YES NO YES
220V NO YES NES YES

220/440Vv 440V NO YES NO YES
230V NO YES YES YES

UL 460V NO YES NO YES
380/660 V 380V YES YES NO YES
220V YES YES YES YES

220/380/440 V 380V NO YES YES YES
440V YES YES NO YES

/Y. The WQuattro line motors must be started direct on-line (DOL) or driven by a frequency inverter in scalar
¢+ % mode.

6.13. MOTORS DRIVEN BY FREQUENCY INVERTER

/%" The operation with frequency inverter must be stated in the Purchase Order since this drive type may
¢ = ' require some changes of the motor design.

' Wmagnet Motors must only be driven by WEG frequency inverter.

The frequency inverter used to drive motors up to 690 V must be fitted with Pulse With Modulation (PWM) with
vector control.

When a motor is driven by a frequency inverter at lower frequencies than the rated frequency, you must reduce
the motor torque to prevent motor overheating. The torque reduction (derating torque) can be found in the item
6.4 of the “Technical Guidelines for Induction Motors driven by PWM Frequency inverters” available on the site

www.wed.net.

If the motor is operated above the rated frequency, please note:

That the motor must be operated at constant output;

That the motor can supply max. 95% of its rated output;

Do not exceed the maximum speed and please consider:
max. operating frequency informed on the additional nameplate;
mechanical speed limitation of the motor;
max. motor torque, according to equation:

Maximum speed = Rated speed x Cmax/Cn
1.5

Information on the selection of the power cables between the frequency inverter and the motor can be found in the item
6.4 of the “Technical Guidelines for Induction Motors driven by PWM Frequency inverters” available at .

6.13.1. Use of dV/dt filter
6.13.1.1. Motor with enameled round wire

Motors designed for rated voltages up to 690 V, when driven by frequency inverter, do not require the use of
dv/dT filters, provided that following criteria are considered.
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Criteria for the selection of motors with round enameled wire when driven by frequency inverter 1
Inverter MTBP 3
Motor rated votage 2 CELS volta_ge G . s Rise Time Time between pulses
motor terminals (max) | inverter output (max) . X

(min.) (min)
Vnon < 460 V < 1600 V < 5200 V/us
460 < Vnon < 575V <1800V < 6500 V/us

=0,1ps =6 ps
575 <Vnon <690 V 4 < 1600 V < 5200 V/us
575 < Vnon <690 V ° <2200V < 7800 V/us

Notes:

1. For the application of motors with round enameled wires designed for 690 < Vnom < 1100 V, please contact WEG.
2. For the application of dual voltage motors, example 380/660 V, consider the lower voltage (380 V).

3. Information supplied by the inverter manufacturer.
4. When not stated in the Purchase Order that the motor will be driven by frequency inverter.
5. When stated in the Purchase Order that the motor will be driven by frequency inverter.

6.13.1.2. Motor with prewound coils

Motors with prewound coils (medium voltage motors regardless of frame sizes, and low voltage motors from
IEC 500 / NEMA 80 frame on), designed for the use with frequency inverters, do not require the use of filters,
provided they comply with the criteria in Table 6-7.

Table 6-7 — Criteria to be considered when using motor with prewound coils to be drive by frequency inverters

Turn to turn insulation (phase-phase) Phase-ground insulation
Type of Peak voltage at Peak volt t
Motor rated voltage ; gea CELVEIELS2E)
g modulation the motor dVv/dt at t_he motor the motor dv/dt at t_he motor
. terminals . terminals
terminals terminals
Sinusoidal <5900V < 500 V/us < 3400V < 500 V/us
690 < Vnon < 4160 V
PWM <9300V < 2700 V/us <5400V < 2700 V/us
Sinusoidal <9300V < 500 V/us <5400V < 500 V/us
4160 < Vnon < 6600 V
PWM < 12700V < 1500 V/us < 7400V < 1500 V/us

6.13.2. Bearing insulation

Only the motors in IEC frame size 400 (NEMA 68) and larger are supplied, as standard, with insulated bearing. If
motor must be driven by frequency inverter, insulate the bearing according to Table 6-8.

Table 6-8 — Recommendation on the bearing insulation for inverter driven motors

Frame size Recommendation
IEC 315 and 355
NEMA 445/7, 447/9, L447/9, 504/5, 5006/7/8, 5009/10/11, 586/7, Insulated bearing/end shield
5807/8/9, 5810/11/12 and 588/9 Grounding between shaft and frame by grounding brush
IEC 400 and larger Insulated NDE bearing
NEMA 6800 and larger Grounding between shaft and frame by grounding brush

<. When motors are supplied with shaft grounding system, monitor the grounding brush constantly during
", its operation and, when it reaches the end of its useful life, it must be replaced by another brush with the

same quality.

6.13.3. Switching Frequency

The minimum inverter switching frequency must not be lower than 2.5 kHz and should not exceed 5 kHz.

/Y. The non-compliance with the criteria and recommendations indicated in this manual may void the
¢ = product warranty.
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6.13.4. Mechanical speed limitation

Table 6-9 shows the maximum speeds allowed for motors driven by frequency inverter.

Table 6-9 — Maximum motor speed (in rom).

Frame size 2 poles 4 poles 6 poles 8 poles
90 - 100 7000 7000 7000 7000
112 7000 6000 6000 6000
132 6000 5500 5500 5500
160 5000 5000 5000 5000
180 4500 4000 4000 4000
200 4000 3800 3800 3800
225 3600 3600 3600 3600
250 3600 3600 3600 3600
280 3600 3000 3000 3000
315 3600 2500 2500 2500
355 3600 1800 1800 1800

Note:
to select the maximum allowed motor speed, consider the motor torque derating curve.

For more information on the application of frequency inverters, contact WEG or check the “Technical Guidelines
for Induction Motors driven by PWM Frequency inverters” available at www.weg.net.
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7.1. INITIAL START-UP

After finishing the installation procedures and before starting the motor for the first time or after a long period
without operation, the following items must be checked:
If the nameplate data (voltage, current, connection diagram, degree of protection, cooling system, service
factor, etc.) meet the application requirements.
If the machine set (motor + driven machine) has been mounted and aligned correctly.
If the motor driving system ensures that the motor speed does not exceed the max. allowed speed indicated
in Table 6-9.
Measure the winding insulation resistance, making sure it complies with the specified values in item 5.4.
Check the motor rotation direction.
Inspect the motor terminal box for damage and ensure that it is clean and dry and all contacts are rust-free,
the seals are in perfect operating conditions and all unused threaded holes are properly closed thus ensuring
the degree of protection indicated on the motor nameplate.
Check if the motor wiring connections, including grounding and auxiliary equipment connection, have been
carried out properly and are in accordance with the recommmendations in item 6.9.
Check the operating conditions of the installed auxiliary devices (brake, encoder, thermal protection device,
forced cooling system, etc.).
Check bearing operating conditions. If signs of oxidation are detected, replace the bearings. If no sign of
oxidation is detected, relubricate the bearings as described in item 8.2. If the motors are stored for more than
two years, the bearings must be replaced before starting the motor.

When motors are fitted with sleeve bearings, ensure:
correct oil level for the sleeve bearing. The oil level should be in the center of the sight glass (see Figure 6-9);
that the motor is not started or operated with axial or radial loads;
that if the motor is stored for a period equal or longer than the oil change interval, the oil must be changed
before starting the motor.
Inspect the capacitor operating condition, if any. If motors are installed for more than two years, but were
never commissioned, it is recommended to change the start capacitors since they lose their operating
characteristics.
Ensure that the air inlet and outlet opening are not blocked. The minimum clearance to the nearest wall (L)
should be at least ¥ of the fan cover diameter (D), see Figure 7-1. The intake air temperature must be at
ambient temperature.

Figure 7-1- Minimum clearance to the wall
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Please consider the minimum distances shown in the Table 7-1 as reference value

Table 7-1 — Minimum distance between the fan cover and wall

Frame size Distance between the fan cover and the wall (L)
IEC NEMA mm inches
63 - 25 0,96
71 - 26 1,02
80 - 30 1,18
90 143/5 33 1,30
100 - 36 1,43
112 182/4 41 1,61
132 213/5 50 1,98
160 254/6 65 2,56
180 284/6 68 2,66
200 324/6 78 3,08
o -
444/5
280 445/7 108 4,23
447/9
315 Py 122 4,80
355 gggg 136 5,35

ensure correct water flow rate and water temperature when water cooled motors are used. See item 7.2.
ensure that all rotating parts, such as pulleys, couplings, external fans, shaft, etc. are protected against
accidental contact.

Other tests and inspections not included in the manual may be required, depending on the specific installation,
application and/or motor characteristics.

After all previous inspections have been carried out, proceed as follows to start the motor:

Start the motor on no-load (if possible) and check the motor direction of rotation. Check for the presence of
any abnormal noise, vibration or other abnormal operating conditions.

Ensure the motor starts smoothly. If any abnormal operating condition is noticed, switch off the motor, check
the assembly system and connections before the motor is started again.

If excessive vibrations are noticed, check if the motor fixation bolts are well tightened or if the vibrations are
not generated and transmitted from adjacent installed equipment. Check the motor vibration periodically and
ensure that the vibration limits are as specified in item 7.2.1.

Start the motor at rated load during a short time and compare the operating current with the rated current
indicated on the nameplate.

Continue to measure the following motor variables until thermal equilibrium is reached: current, voltage,
bearing and motor frame temperature, vibration and noise levels.

Record the measured current and voltage values on the Installation Report for future comparisons.

As induction motors have high inrush currents during start-up, the acceleration of high inertia load requires an
extended starting time to reach full speed resulting in fast motor temperature rise. Successive starts within
short intervals will result in winding temperature increases and can lead to physical insulation damage reducing
the useful life of the insulation system. If the duty S1 is specified on the motor nameplate, this means that the
motor has been designed for:

two successive starts: first start from cold condition, i. e., the motor windings are at room temperature and

the second start immediately after the motor stops.

one start from hot condition, i. e., the motor windings are at rated temperature.

The Troubleshooting Chart in section 10 provides a basic list of unusual cases that may occur during motor
operation with the respective corrective actions
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7.2. OPERATING CONDITIONS

Unless otherwise stated in the Purchase Order, electric motors are designed and built to be operated at
altitudes up to 1000 meters above sea level and in a temperature range from -20°C to +40°C. Any deviation
from the normal condition of motor operation must be stated on the motor nameplate. Some components must
be changed if the ambient temperature is different from the specified one. Please contact WEG to check the
required special features.

Motors installed inside enclosures (cubicles) must be ensured an air renewal rate in the order of one cubic
meter per second for each 100 kW installed power or fraction of installed power. Totally Enclosed Air Over
motors - TEAO (fan and exhaust / smoke extraction) are supplied without cooling fan and the manufacturer of
the driven machine is responsible for sufficient motor cooling. If no minimum required air speed between motor
fins is indicated on the motor nameplate, ensure the air speed indicated in the table 7-2 is provided. The values
shown in Table 7-2 are valid for 60 Hz motors. To obtain the minimum air speed for 50 Hz motors, multiply the
values in the table by 0.83.

Table 7-2 — Minimum required air speed between motor fins (metres/second)

Frame Poles
IEC NEMA 2 4 8
63 to 90 143/5 14 7 5 4
100 to 132 182/4 to 213/5 18 10 6
160 to 200 254/6 to 324/6 20 20 12 7
225 to 280 364/5 to 444/5 22 22 18 12
315 to 355 445/7 to 588/9 25 25 20 15

The voltage and frequency variations may affect the performance characteristics and the electromagnetic
compatibility of the motor. The power supply variations should not exceed the values specified in the applicable
standards. Examples.
ABNT NBR-17094 - Parts 1 and 2. The motor has been designed to supply the rated torque for a combined
variation in voltage and frequency:
Zone A: 5% of the rated voltage and +2% of the rated frequency.
Zone B: £10% of the rated voltage and +3% -5% of the rated frequency.
When operated continuously in Zone A or B, the motor may show performance variations and the operating
temperature may increase considerably. These performance variations will be higher in Zone B. Thus it is not
recommended to operate the motor in Zone B during extended periods.

IEC 60034-1. The motor has been designed to supply the rated torque for combined variation in voltage and
frequency:
Zone A: £5% of the rated voltage and +2% of the rated frequency.
Zone B: £10% of the rated voltage and +3% -5% of the rated frequency.
When operated continuously in Zone A or B, the motor may show performance variations and the operating
temperature may increase considerably. These performance variations will be higher in Zone B. Thus it is not
recommended to operate the motor in Zone B during extended periods. For multivoltage motors (example 380-
415/660 V), a £5% voltage variation from the rated voltage is allowed.

NEMA MG-1 Part 12. The motor has been designed to be operated in one of the following variations:
+10% of the rated voltage, with rated frequency;
+5% of the rated frequency, with rated voltage;
A combined variation in voltage and frequency of +10%, provided the frequency variation does not exceed
+5%.

If the motor is cooled by ambient air, clean the air inlet and outlet openings and cooling fins at regular intervals
to ensure a free airflow over the frame surface. The hot air should never be returned to the motor. The cooling
air must be at room temperature limited to the temperature range indicated on the motor nameplate (if no room
temperature is specified, please consider a temperature range between -20°C and +40°C).

Table 7-3 shows the minimum required water flow for water cooled motors considering the different frame sizes
and the maximum allowed temperature rise of the cooling water after circulating through the motor. The inlet
water temperature should not exceed 40°C.
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Table 7-3 — Minimum required water flow and the maximum allowed
temperature rise of the cooling water after circulating through the motor

Frame size Flow rate Maximum allowed water
IEC NEMA (litres/minute) temperature rise (°C)
180 284/6 12 5
200 324/6 12 5
225 364/5 12 5
250 404/5 12 5
444/5
280 445/7 15 6
447/9
315 504/5 16 6
586/7
355 588/9 25 6

Motors fitted with oil mist lubrication systems can be operated continuously for a maximum of one hour after
the failure of the oil pumping system. Considering the sun’s heat increases the operating temperature, externally
mounted motors should always be protected from direct sunlight exposure.

Each and every deviation from the normal operating condition (tripping of the thermal protection, noise and
vibration level increase, temperature and current rise) should be investigated and corrected by WEG Authorized
Service Centers.

/¥ Motors fitted with cylindrical roller bearings require a minimum radial load to ensure a normal operation.
= % For information regarding the radial preload, please contact WEG.

7.2.1.Limits of vibration

The vibration severity is the maximum vibration value measured at all positions and in all directions as
recommended in the standard IEC 60034-14. Table 7-4 below specifies the limits of the maximum vibrations
magnitudes according to standard IEC 60034-14 for shaft heights IEC 56 to 400, for vibrations grades A and B.
The vibration severity limits in Table 7-4 are given as RMS values (Root Mean Square values or effective values)
of the vibration speed in mm/s measured in free suspension condition.

Table 7-4 — Recommended limits for the vibration severity according to standard IEC 60034-14

Shaft height [mm] 56 <H < 132 | 132 < H < 280 | H > 280
Vibration Grade Vibration severity on elastic base [mm/s RMS]
A 1.6 2.2 2.8
B 07 1.1 18
Notes:
1 — The values in Table 7-4 are valid for measurements carried out with decoupled machines (without load) operated at rated voltage and
frequency.

2 - The values in Table 7-4 are valid regardless of the direction of rotation of the machine.
3 — The values in Table 7-4 are not applicable to single-phase motors, three-phase motors powered by a single-phase system or to
machines mounted in situ or coupled with inertia flywheels or to loads.

According to NEMA MG-1, the allowed vibration limit for standard motors is 0.15 in/s (peak vibration in in/s).

Note:

For the load operation condition, the use of the standard ISO 10816-3 is recommended for evaluating the motor vibration limits. In the
load condition the motor vibration will be influenced by several factors, such as, type of the coupled load, condition of the motor fixation,
alignment condition under load, structure or base vibration due to other equipments, etc.
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The purpose of the maintenance is to extend the useful life of the equipment. The non-compliance with one of
these previous items can cause unexpected machine failures.

If motors with cylindrical roller or angular contact bearings are to be transported during the maintenance
procedures, the shaft locking device must always be fitted. All HGF motors, regardless of the bearing type,
must always be transported with the shaft locking device fitted.

All repairs, disassembly and assembly related services must be carried out only by qualified and well-trained
personnel by using proper tools and techniques. Make sure that the machine has stopped and it is
disconnected from the power supply, including the accessory devices (space heater, brake, etc.), before any
servicing is undertaken.

The company does not assume any responsibility or liability for repair services or maintenance operations
executed by non-authorized Service Centers or by non qualified service personnel. The company shall have no
obligation or liability whatsoever to the buyer for any indirect, special, consequential or incidental loss or
damage caused or arising from the company’s proven negligence

8.1. GENERAL INSPECTION

The inspection intervals depend on the motor type, application and installation conditions. Proceed as follows
during inspection:

Visually inspect the motor and coupling. Check if abnormal noises, vibrations, excessive heating, wear signs,
misalignment or damaged parts are noticed. Replace the damaged parts as required.

Measure the insulation resistance according to the item 5.4.

Clean the motor enclosure. Remove oil spills and dust accumulation from the motor frame surface to ensure
a better heat transfer to the surrounding ambient.

Check cooling fan condition and clean the air inlet & outlet openings to ensure a free air flow over the motor.
Investigate the actual condition of the seals and replace them, if required.

Drain the condensed water from inside the motor. After draining, reinstall the drain plugs to ensure the degree
of protection as indicated on the motor nameplate. The motor must always be positioned so the drain hole is
at the lowest position (see item 6).

Check the connections of the power supply cables, ensuring the correct clearance distance between live and
grounded parts, as specified in Table 6-2.

Check if the tightening torque of the bolted connections and fixation bolts meets the tightening torque
specified in Table 8-7.

Check the status of the cable passages, the cable gland seals and the seals inside the terminal box and
replace them, if required.

Check the bearing operating conditions. Check for the presence of any abnormal noise, vibration or other
abnormal operating conditions, like motor temperature rise. Check the oil level, the lub oil condition and
compare the workings hours with the informed life time.

Record and file all changes performed on the motor.

' Do not reuse damaged or worn parts. Damaged or worn parts must be replaced by parts supplied by
"~ = the manufacturer and must be installed as if they were the original parts.

8.2. LUBRICATION

Proper lubrication plays a vital role in the motor performance. Only use the grease or oil types, amounts and
lubrication intervals recommended for the bearings. This information is available on the motor nameplate and
the lubrication procedures must be carried out according to the type of lubricant (oil or grease).

When the motor is fitted with thermal protection devices for bearing temperature control, consider the operating
temperature limits shown in Table 6-3.

The maximum operating temperature of motors used in special applications may differ from those shown in
Table 6-3. The grease and oil disposal should be made in compliance with applicable laws in each country

/Y. Please contact WEG when motors are to be installed in special environments or used for special
£ = applications.
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8.2.1. Grease lubricated rolling bearings

.J.' ‘."- . . . . . .
' s Excess grease causes bearing overheating, resulting in bearing failure.

The lubrication intervals specified in Table 8-1, Table 8-2, Table 8-3 and Table 8-4 consider a room temperature
of 40°C, the motor running at rated speed, a motor mounted in horizontal position, greased with Mobil Polyrex
EM grease. The lubrication intervals are determined according to the standard ISO 281 and they estimate for
the basic rating life that 90% of a group of identical bearings will theoretically meet or exceed the calculated
value with 90% reliability. Any variation of the parameters listed above must be evaluated.

Table 8-1 — Lubrication intervals for ball bearings

LUBRICATION INTERVALS (hours)
Frame . W21 TEFC W22 TEFC
Poles deBs(iear::'ant?on A:r;c;l;:t(o)f (Open g:P Proof) (Totally Enclosed Fan | (Totally Enclosed Fan
9 9 9 p P Cooled) Cooled)
IEC | NEMA 50Hz | 60Hz 50 Hz 60 Hz 50 Hz 60 Hz
2 18100 15700 22000 20000
4
160 | 254/6 6309 13 20000 | 20000
6 20000 20000 25000 25000
8
2 13700 11500 17000 14000
4
180 284/6 6311 18 20000 | 20000
6 20000 20000 25000 25000
8
2 11900 9800 15000 12000
4
200 324/6 6312 21 20000 | 20000
6 20000 20000 25000 25000
8
2 18000 | 14400 4500 3600 5000 4000
4 11600 9700 14000 12000
6314 27
6 20000 | 20000 16400 14200 20000 17000
8 19700 17300 24000 20000
364/5 | o 14000 | YPON | a500 Upern 4000 Slper
404/5 request request request
444/5 4 6316 34 10400 8500 13000 10000
225 | 4457 20000 | 20000 14900 12800 18000 16000
250 447/9
280 | L447/9 8 18700 15900 20000 20000
315 504/5 * " :
355 | 5008 | 2 9600 reu'zggt 2400 reUBZQt 3000 reUEZ’S‘t
5010/11 9 9 9
586/7 4 6319 45 9000 7000 11000 8000
588/9 6 20000 | 20000 13000 11000 16000 13000
8 17400 14000 20000 17000
4 7200 5100 9000 6000
6 6322 60 20000 | 20000 10800 9200 13000 11000
8 15100 11800 19000 14000
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Table 8-2 - Lubrication intervals for cylindrical roller bearings

LUBRICATION INTERVALS (hours)
Amount
Ernme Bearing of oDP W21 TEFC W22 TEFC
Poles desianation rease (Open Drip Proof) (Totally Enclosed Fan | (Totally Enclosed Fan
9 9 o) p P Cooled) Cooled)
IEC | NEMA 50 Hz 60 Hz 50 Hz 60 Hz 50 Hz 60 Hz
2 19600 13300 9800 16000 12000
4
160 | 254/6 NU309 13 20000
6 20000 20000 20000 25000 25000
8
2 18400 12800 9200 6400 11000 8000
4 19100
180 | 284/6 NU311 18
6 20000 20000 20000 25000 25000
20000
8
2 15200 10200 7600 5100 9000 6000
4 17200 21000
200 | 324/6 NU312 21
6 20000 20000 20000 25000
5 20000 25000
4 17800 14200 8900 7100 11000 9000
6 NU314 27 13100 11000 16000 13000
20000 20000
364/5 8 16900 15100 20000 19000
jgjjg 4 15200 12000 7600 6000 9000 7000
205 | 445/7 6 NU316 34 19000 11600 9500 14000 12000
250 | 447/9 20000
8 20000 15500 13800 19000 17000
280 | L447/9
315 | 504/5 4 12000 9400 6000 4700 7000 5000
355 | 5008 6 NU319 45 19600 15200 9800 7600 12000 9000
10/11
528((3);7 8 20000 20000 13700 12200 17000 15000
588/9 4 8800 6600 4400 3300 5000 4000
6 NU322 60 15600 11800 7800 5900 9000 7000
8 20000 20000 11500 10700 14000 13000
Table 8-3 - Lubrication intervals for ball bearings — HGF line
Frame Poles Bearing Amount of Lubrication intervals (hours)
IEC NEMA designation grease (9) 50Hz 60Hz
315L/A/B and 5006/7/8T and 2 oot 2 5109 2109
an an
316C/D/E 5009/10/11T 4-8 6820 20 4500 4500
6316 34 4500 4500
355L/A/B and 5807/8/9T and 2 o314 2 5100 2100
an an
355C/D/E 5810/11/12T 4_8 cle £y siobll 200
6319 45 4500 4500
400L/A/B and 6806/7/8T and 2 6815 50 2790 1800
an an
400 C/D/E 6809/10/11T 4-8 6324 2 4500 4500
6319 45 4500 4500
2 6220 31 2500 1400
4 6328 93 4500 3300
450 7006/10 6322 60 4500 4500
_ 6328 93 4500 4500
6322 60 4500 4500
4 6330 104 4200 2800
6324 72 4500 4500
500 8006/10 . 6330 104 4500 4500
6324 72 4500 4500
4 6330 104 4200 2800
6324 72 4500 4500
500 8006/10 6.8 6330 104 4500 4500
6324 72 4500 4500
560 8806/10 4-8 T
630 9606/10 4-8 e

96 | Manual of Electric Motors



e

Table 8-4 — Lubrication intervals for cylindrical roller bearings — HGF line

www.weg.net

Frame B Bearing Amount of Lubrication intervals (hours)
oles . >

IEC NEMA designation grease (g) 50 Hz 60 Hz
4 4300 2900

315L/A/B and 5006/7/8 and NU320 50
315C/D/E 5009/10/11 6-8 4500 4500
4 3500 2200

3551 /A/B and 5807/8/9 and NU322 60
355C/D/E 5810/11/12 6-8 4500 4500
4 2900 1800

400L/A/B and 6806/7/8 and NU324 79
400C/D/E 6809/10/11 6-8 4500 4500
4 2000 1400
450 7006/10 6 NU328 93 4500 3200
8 4500 4500
4 1700 1000
500 8006/10 6 NU330 104 4100 2900
8 4500 4500
4 75 2600 1600

560 8806/10 NU228 + 6228

6-8 106 4500 4500
4 92 1800 1000
630 9606/10 NU232 + 6232 120 4300 3100
140 4500 4500

For each increment of 15 °C above the room temperature, the relubrication intervals given in the Table must be
halved. The relubrication interval of motors designed by the manufacturer for mounting in horizontal position,
but installed in vertical position (with WEG authorization), must be halved.

For special applications, such as: high and low temperatures, aggressive environments, driven by frequency
inverter (VFD — frequency inverter), etc., please contact WEG about the required amount of grease and the
relubrication intervals.

8.2.1.1. Motor without grease fitting

Motors without grease fittings must be lubricated in accordance with the existing Maintenance Plan. Motor
disassembly must be carried out as specified in Iltem 8.3. If motors are fitted with shielded bearings (for
example, ZZ, DDU, 2RS, VV), these bearings must be replaced at the end of the grease service life.

8.2.1.2. Motor with grease fitting
Motors with grease fittings must be stopped to be lubricated. Proceed as follows:

Before lubricating, clean the grease nipple and immediate vicinity thoroughly

Lift grease inlet protection;

Remove the grease outlet plug;

Pump in approximately half of the total grease and run the motor for about 1 (one) minute at rated speed;
Switch-off the motor and pump in the remaining grease;

Lower again the grease inlet protection and reinstall the grease outlet protection

' "\ For lubrication, use only manual grease gun.

If Motors are provided with a spring device for grease removal, the grease excess must be removed by pulling
the rod and cleaning the spring until the spring does not remove more grease.

8.2.1.3. Compatibility of the Mobil Polyrex EM grease with other greases

The Mobil Polyrex EM grease has a polyurea thickener and a mineral oil thus being compatible with greases
that contain:

Lithium based thickener, lithium-based complex thickener, polyurea thickener and refined mineral oil;

The used grease must have in its formulation corrosion and oxidation inhibitors.
In general terms, greases with the same type of soap are compatible to each other. However, depending on the
proportion of the mixture there may be incompatibility. In such a case, it is not recommended to mix different
types of greases without contacting the supplier or WEG beforehand.

Manual of Electric Motors | 97

HSITON3



ENGLISH

=

www.wegd.net

8.2.2. Oil lubricated bearings

To change the oil of oil lubricated motor proceed as follows:
switch-off the motor;
remove threaded oil drain plug;
open the valve and drain the oil;
close the drain vale again;
reinstall the threaded oil drain plug;
fill-up with the type and amount of oil as specified on the nameplate;
check oil level. The oil level is OK when the lubricant can be viewed approximately in the center of the sight
glass;
reinstall oil inlet plug;
check for oil leaks and ensure that all not used threaded plugs are closed with plugs.

The bearing lubricating oil must be replaced as specified on the nameplate or whenever changes on the oil
properties are noticed. The oil viscosity and pH must be checked periodically. The oil level must be checked
every day and must be kept in the center of the sight glass.

Please contact WEG, when oils with different viscosities should be used.

Note:

The HGF vertical mounted motors with high axial thrust are supplied with grease lubricated DE-bearings and with oil lubricated NDE-

bearings. The DE-bearings must be lubricated according to recommendations in item 8.2.1. Table 8-5 specifies the oil type and the
amount of oil required for this motor lubrication.

Table 8-5 — Oil properties for HGF vertical mounted motors with high axial thrust

Frame : .
I Poles Bearing | o (liters) | Interval (h) | Lubricant | _Ltubricant
3 IEC NEMA designation specification
L
= | 315LA/Be 5006/7/8T e
€ | 315C/DE 500910/11T Lot S A
@
< | 355L/A/Be 5807/8/9T e ISO VG150
2 | 355C/D/E 5810/11/12T . 29ec0 26 Renoli mineral oil
x enoin with antifoam
& | 400L/ABe | 6806/7/8T e ‘s 99300 o 8000 DTA 40/ ond
£ | 400C/D/E 6809/10/11T sHCe29 | o
g additives
2 450 7006/10 4-8 29320 45

8.2.3. Oil mist lubricated bearings

Check the service conditions of the seals and if replacement is required use only original components. Clean
the seal components before assembly (bearing caps, end shields, etc.).

Apply joint sealant between the bearing caps and end shields. The joint sealant must be compatible with the
used lubricating oil. Connect the oil lubricant tubes (oil inlet and oil outlet tubes and motor drain tube), as
shown in Figure 6-12.

8.2.4. Sleeve bearings

The lubricating oil of sleeve bearings must be changed at the intervals specified in Table 8-6. To replace the oil,
proceed as follows:

NDE-bearing: remove the protection plate from the fan cover

Drain the oil through the drain hole located at the bottom of the bearing (see Figure 8-1)

Close the oil drain hole

Remove the ail inlet plug

Fill the sleeve bearing with the specified oil and with the amount of oil specified in

Check the oil level and ensure it is kept close to the center of the sight glass

Install the oil inlet plug

Check for oil leaks

QOil inlet

Oil sight glass

\ Oil outlet
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Table 8-6 - Oil properties for sleeve bearings.

Frame Bearin Qil . Lubricant
IEC NEMA RS designat?on (liters) Lzl () Ao Specification
315L/A/B and | 5006/7/8T and
315C/D/E 5009/10/11T ISO VG32
355L/A/B and | 5807/8/9T and Renolin mineral oil with
355C/D/E 5810/11/12T 2 9-80 2.8 8000 DTA 10 antifoam and
400L/A/B and | 6806/7/8 and antioxidant
400C/D/E 6809/10/11T additives
450 7006/10
315L/A/B and | 5006/7/8T and 9-90
315C/D/E 5009/10/11T 08
355L/A/B and | 5807/8/9T and 5100 ' IS VERLS
355C/D/E 5810/11/12T , mineral oil with
400L/A/B and | 6806/7/8 and 4-8 110 8000 | Renoln DTA TS| antifoarm and
400C/D/E 6809/10/11T e
47 additives
450 7006/10 11-125
500 8006/10

The lubricating oil must be replaced as specified on the nameplate or whenever changes on the oil properties
are noticed. The oil viscosity and pH must be checked periodically. The oil level must be checked every day
and kept in the center of the sight glass.

Please contact WEG, when oils with different viscosities are to be used.

8.3. MOTOR ASSEMBLY AND DISASSEMBLY

/& Allrepair services on motors should be always performed by qualified personnel and in accordance with
! " the applicable laws and regulations in each country. Always use proper tools and devices for motor
disassembly and assembly.

.. Disassembly and assembly services can be carried out only after the motor has been disconnected
f'x from the power supply and is completely stopped.

Dangerous voltages may be present at the motor terminals inside the terminal box since capacitors can
retain electrical charge for long periods of time even when they are not connected directly to a power source or
when space heaters are connected to the motor or when the motor windings are used as space heaters.
Dangerous voltages may be present at the motor terminals when they are driven by frequency inverter even
when they are completely stopped.

Record the installation conditions such as terminal connection diagram, alignment / leveling conditions before
starting the disassembly procedures. These records should be considered for later assembly.
Disassemble the motor carefully without causing scratches on machined surfaces or damaging the threads.

Assemble the motor on a flat surface ensuring a good support base. Footless motors must be fixed/locked on
the base to prevent accidents.

Handle the motor carefully to not damage the insulated components such as windings, insulated rolling
bearings, power cables etc.

Seal elements, such as joint seals and bearing seals should always be replaced when wear or damage is
noticed.

Motors with degree of protection higher than IP 55 are supplied with joint and screw seal Loctite 5923 (Henkel)
Clean the components and apply a new coat of Loctite 5923 on the surfaces before assembly.
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8.3.1. Terminal box

Proceed as follows to remove the terminal box cover and to disconnect/connect the power supply cables and
the cables of the accessory devices:
Ensure that during the screw removal the terminal box cover does not damage the components installed
inside the terminal box.
If the terminal box cover is fitted with lifting eyebolt, lift the terminal box cover always by its lift eyebolt.
If motors are supplied with terminal blocks, ensure the correct tightening torque on the motor terminals as
specified in Table 8-7.
Ensure that the cables do not contact sharp edges.
Ensure that the original IP degree of protection is not changed and is maintained as indicate on the motor
nameplate. The power supply cables and the control cables must always be fitted with components (cable
glands, conduits) that meet the applicable standards and regulations of each country.
Ensure that the pressure relief device is in perfect operating condition, if provided. The seals in the terminal
box must be in perfect condition for reuse and must be reinstalled correctly to ensure the specified degree of
protection.
Ensure the correct tightening torque for the securing bolts of the terminal box cover as specified in Table 8-7.

Table 8-7 — Tightening torque for the securing bolts [Nm]

Hex bolt/hex socket
bolt (without seal)

Combined slotted
screw (without seal)

= 4107 7to 12 16 to 30 30 to 50 55to 85 | 120to 180 | 230 to 360

= 3tob 5to 10 10to 18 = = =

Hex bolt/hex socket
bolt (with seal with - - - 13to0 20 25t0 37 40 to 55 50 to 65 -
metallic stop/cord)

Combined slotted
screw (with flat seal
and/or mettallic stop/
cord)

- 3to5 4t08 8to 15 - - - -

Hex bolt/hex socket
bolt (with flat seal)

Terminal blocks 1t01,5 1,5t04 4t06,5 6,5t09 10to 18 18 to 30 35 to 50 -
Grounding terminals = 3tob 5to 10 10to 18 30 to 50 55 to 85 120 to 180 =

= = = 8to 15 18 to 30 2510 40 35 to 50 =

8.4. DRYING THE STATOR WINDING INSULATION

Dismantle the motor completely. Remove the end shields, the rotor with the shaft, the fan cover, the fan and the
terminal box before the wound stator with the frame is transferred to the oven for the drying process. Store the
wound stator during two hours in the oven heated to max. 120 °C. For larger motors a longer drying time may
be required. After the drying process has been concluded, allow the stator to cool to room temperature.
Measure the insulation resistance again as described in item 5.4. Repeat the stator drying process if the
required insulation resistance does not meet the values specified in Table 5-3. If the insulation resistance does
not improve despite several drying processes, evaluate the causes of the insulation resistance drop carefully
and an eventual replacement of the motor winding may be required. If in doubt contact WEG.

& Toprevent electrical shock, discharge the motor terminals immediately before, and after each
' ' . measurement. If the motor is equipped with capacitors, these must be discharged before beginning any
repair.
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8.5. SPARE PARTS

When ordering spare parts, always provide complete motor designation, indicating the motor type, the code
number and the serial number, which are stated on the motor nameplate.

Spare parts must always be purchased from WEG authorized Service Centers. The use of non-original spare
parts can cause motor failure, performance drop and void the product warranty.

The spare parts must be stored in a clean, dry and properly ventilated room, with relative air humidity not
exceeding 60%, with ambient temperature between 5°C and 40°C, free of dust, vibrations, gases, corrosive
smokes and at constant temperature. The spare parts must be stored in their normal mounting position without
placing other components onto them.

Terminal box cover

Terminal box support

Terminal box
Fan cover

= -
Nameplate

DE shield
Bearing
DE bearing cap

Fan

MNDE shield

. Frame Wound stator

Figure 8-2 - Exploded view of the components of a W22 motor
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9. ENVIRONMENTAL INFORMATION

9.1. PACKAGING

WEG electric motors are supplied in cardboard, plastic or wooden packaging. These materials can be recycled
and must be disposed according to the applicable laws and regulations in each country. All wood used in the
packaging of WEG motors come from the company reforestation program and is not submitted to any chemical
conservation treatment.

9.2. PRODUCT

Electric motors consist mainly of ferrous metals (steel plates and cast iron), non ferrous metals (cooper and
aluminum) and plastic materials.

In general, electric motors have relatively long service live. However when they must be discarded, WEG
recommends to dismantle the motor, sort the different materials and send them for recycling.

No-recyclable materials should be disposed of at industrial landfills according to the applicable environmental
laws and regulations in each country, or co-processed in cement kilns or incinerated.

The recycling service providers, the disposal in industrial landfills, the waste co-processing or the incineration
process must be properly authorized by the state environment agency to carry out these activities.
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This troubleshooting chart provides a basic list of problems that may occur during motor operation, possible
causes and recommended corrective actions. In case of doubts, please contact WEG Service Center.

Problem

Possible cause

Corrective action

Motor does not start, neither coupled nor
decoupled

Power cables are interrupted.

Check the control panel and the motor
power supply cables.

Blown fuses.

Replace blown fuses.

Wrong motor connection.

Correct the motor connection according to
connection diagram.

Locked rotor.

Check motor shaft to ensure that it rotates
freely.

The motor starts at no-load, but fails when
load is applied. It starts very slowly and
does not reach the rated speed.

Load toque is too high during start-up.

Do not start the motor on load.

Too high voltage drop in the power cables

Check the installation dimensioning
(transformer, cable cross section, relays,
circuit breakers, etc.)

Abnormal / excessive noise

Defective transmission component or
defective driven machine.

Check the transmission force, the coupling
and the alignment.

Misaligned / unleveled base.

Align / level the motor with the driven
machine

Unbalanced components or unbalanced
driven machine

Balance the machine set again

Different balancing methods used for motor
and coupling balancing (halve key, full key)

Balance the motor again

Wrong motor direction of rotation

Reverse the direction of rotation

Loose bolts

Retighten the bolts

Foundation resonance

Check the foundation design

Damaged bearings

Replace the bearings

Motor overheating

Insufficient cooling

Clean air inlet and outlet and cooling fins

Check the minimum required distance
between the fan cover and nearest walls.
See item 7

Check air temperature at inlet

Overload

Measure motor current, evaluate motor
application and if required, reduce the load

Number of starts per hour is too high or the
load inertia moment is too high

Reduce the number of starts per hour

Power supply voltage too high

Check the motor power supply voltage.
Power supply voltage must not exceed the
tolerance specified in item 7.2

Power supply voltage too low

Check the motor power supply voltage and
the voltage drop. Power supply voltage
must not exceed the tolerance specified in
item 7.2

Interrupted power supply

Check the connection of the power cables

Voltage unbalance at the motor terminals

Check for blown fuses, wrong commands,
voltage unbalance in the power line, phase
fault or interrupted power cables

Direction of rotation is not compatible with
the unidirectional fan

Check if the direction of rotation matches
the rotation arrow indicated on end shield

Bearing overheating

Excessive grease / oil

Grease / oil aging

The used grease / oil does not matches the
specified one

Clean the bearing and lubricate it
according to the provided
recommendations

Lack of grease / ail

Lubricate the bearing according to the
provided recommendations

Excessive axial or radial forces due to
the belt stretching

Reduce the belt stretching

Reduce the load applied to the motor
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WEG Equipamentos Elétricos S/A, Motor Unit, offers warranty against defects in workmanship and materials for
their products for a period of 18 months from the invoice issue date by factory or distributor / dealer, limited to
24 months from date of manufacture. Motors of the HGF Line are covered for a period of 12 months from the
invoice issue date by the factory or distributor / dealer, limited to 18 months from the date of manufacture.

The paragraph above contains the legal warranty periods. If a warranty period is defined in a different way in
the commercial, technical proposal of a particular sale, that will override the time limits set out above.

The periods above are independent of installation date and provided that the following requirements are met:
proper transportation, handling and storage; correct installation in specified environmental conditions free of
aggressive agents; operation within the capacity limits and observation of the Installation, Operation and
Maintenance Manual; execution of regular preventive maintenance; execution of repairs and/or changes only by
personnel with WEG's written authorization; in the occurrence of an anomaly, the product must be available to
the supplier for the minimum period necessary to identify the cause of the anomaly and to repair it properly; the
buyer must immediately notify WEG of any defects occurred and they must be later confirmed as
manufacturing defects by WEG. The warranty does not include assembly and disassembly services at the
buyer’s premises, costs of product transportation, as well as travel, lodging and meals expenses for the
technical assistance staff when requested by the customer. The warranty service will be provided exclusively
at a WEG authorized Technical Assistance or at the plant.

Components, parts and materials whose useful life is usually less than 12 (twelve) months are not covered by
the warranty.

Under no circumstance will warranty services extend the warranty period of the equipment. However, new
warranty equivalent to the original one will be due only to the components repaired or replaced by WEG.

The present warranty is limited to the product supplied. WEG will not be liable for damages to people, third
parties, other equipment and facilities, loss of profits or other incidental or consequential damages.
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WEG Equipamentos Elétricos S/A
Av. Prefeito Waldemar Grubba, 3000
89256-900 - Jaragua do Sul — SC - Brazil,

and its authorised representative established in the European Community,
WEGeuro - Industria Electrica SA

Rua Eng Frederico Ulrich, Apartado 6074

4476-908 — Maia — Porto — Portugal

hereby declare that the products:

WEG induction motors and components for using in these motors:

Three-phase
IEC frames 63 to 630
Nema frames 42, 48, 56 and 143 to 9610

Single-phase
IEC frames 63 to 132
Nema frames 42, 48, 56 and 143 to 215

when installed, maintained and used in applications for which they were designed, and in compliance with the relevant
installation standards and manufacturer’s instructions, comply with the requirements of the following European Directives
and standards where applicable:

Directives:
Low Voltage Directive 2006/95/EC
Regulation (EC) No 640/2009
Directive 2009/125/EC
EMC Directive 2004/108/EC (induction motors are considered inherently benign in terms of electromagnetic compatibility)

Standards:
EN 60034-1/2-1/5/6/7/8/9/11/12/14/30 and 60204-1

From 29/12/2009 on low voltage electric motors are no longer considered under the scope of the current Machinery
Directive 2006/42/EC.

CE marking in: 1996
Milton Oscar Castella

Engineering Director
Jaragua do Sul, May 31st, 2011
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International Division

Av. Prefeito Waldemar Grubba, 3000
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Fax: 55 (47) 3276-4060
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Safety

2

Important Safety Instructions

SAVE THESE INSTRUCTIONS - This manual contains
important instructions that should be followed during
installation, operation, and maintenance of the product.
Save this manual for future reference.

4 This is the safety alert symbol. When you see this
symbol on your pump or in this manual, look for one of
the following signal words and be alert to the potential
for personal injury!

indicates a hazard which, if not avoided, will
result in death or serious injury.

TaWARNING: inclicates a hazard which, if not avoided, could
result in death or serious injury.

LA CAUTION: indlicates a hazard which, if not avoided, coufd
result in minor or moderate injury.

NOTICE addresses practices not related to personal injury.
Caretully read and follow all safety instructions in this
manual and on pumgp.

Keep saiety fabels in good condition,

Replace missing or damaged safety labels.

Electrical Safety

tawarNiNG Hazardous voltage. Follow these rules 10 avoid

potential harm:

*  Wire motor for correct voltage. See “Flectrical”
section of this manual and motor nameplate.

*  Ground motor before connecting to power supply.

e Meet National Electrical Code, Canadian Electrical
Code, and local codes for all wiring.

+  Follow wiring instructions in this manual when
connecling motor to power lines.

*  Make workshops childproof: use padlocks and
master switches; rentove starter keys.

tawarnma] Risk of burns. Do not touch an operating

maotor. Motors can operate at high temperatures. To

avoid burns when servicing pump, allow it to cool for

20 minutes after shut-down before handling.

A WARNING

Hazardous vollage.
Can shock, burn, or cause
death.

Ground pump before
connecting w power supply.

A WARNING

Hazardous pressure!
Da ot run pump against
closed discharge.

Release all pressure on
system before working on anv
component.

General Safety

To avoid heat built-up in pump, over pressure hazard
and possible injury, do not use in a pressure tank
(cdomestic water) system. Do not use as a baoster pumg;
pressurized suction may cause pump body to explode.

Do not allow pump or piping system to freeze, Freezing
can damage pump and pipe, may lead to injury from
equipment failure and will void warranty.

Pump water orly with this pump.

Periodically inspect pump and system components.
Wear safety glasses at all times when working on pumps.

Keep work area clean, uncluttered and properly lighted:
store properly all unused tools and equipment.

Keep visitors at a safe distance from the work areas,

Maximum inlet pressure ..o oL L 30 psi
Maximum operating pressure ... ... . L. 120 psi
Maximum liquid temperature ... ... L. 1200 F
Maximum maotor starls per hour ... ..o 15



Warranty 3

Limited Warranty

BERKELEY warrants to the original consumer purchaser (“Purchaser” or “You”) of the products listed below, that they will be free
from defects in material and workmanship for the Warranty Period shown helow.

Product Warranty Period

Water Systems:

whichever occurs firsi:
12 months from date of original inslallation, or
18 months from date of manufacture

Water Systems Products — jet pumps, small centriiugal pumps, submersible pumps and
related accessories

Pra-Source™ Compaosite Tanks 3 years from date of original installation
Pro-Source™ Sleel Pressure Tanks 5 vears from date of original installation
Pro-Source™ Epoxy-Lined Tanks 3 years from date of original installation

12 months from dale of original installation, or

Sump/Sewage/tifluent Products . i
[racwag > 18 months from date of manufacture

Agricultural/Commercial:

Centrifugals — close-coupled motor drive, frame maunt. SAE mount, engine drive, VS, 12 months from date of original installation, e
55CX, SSHM, solids handling. submersible solids handling 24 months from date of manufacture

2 months from date of original installation, o

Submersible Turhines, 6" diameter and larger ) 7 . S
24 months from <date of manufaciune

Our fimited warranty will nat apply to any product that, in our sole judgement, has been subject to negligence, misapplication,
improper installalion, or improper maintenance. Without limiting the foregning, operating a three phase motor with single phase
power through a phase converter will void the warranty. Nole also that three phase motors must be protected by three-leg,
ambient compensaled, extra-quick trip averload relays of the recommended size or the warranly is void.

Your only remedy, and BERKELEY’s only duty, is that BERKELEY repair or replace defective products (at BERKELEY's chaice). You
must pay all labar and shipping charges associated with this warranty and must request warranty service throush the installing
dealer as soon as a prablem is discovered. No request for service will be accepled if received after the Warranty Perind has
expired. This warranty is not transferable.

BERKELEY SHALL NOT BF LIAGLE FOR ANY CONSEQUENTIAL, INCIDENTAL, OR CONTINGENT DAMAGES WHATSOEVER.
THL FOREGOING LIMITED WARRANTIES ARE EXCLUSIVE AND IN LIEL OF ALL OTHER EXPRESS AND IMPLIED
WARRANTIES, INCLUDING BUT NOT LIMITED TO IMPLIELY WARRANTIES OF MERCHANTABILITY AND FITNLSS FOR

A PARTICULAR PURPOSE. THE FOREGOING LIMITED WARRANTIES SHALL NOT EXTEND BEYOND THE DURATHOM
PROVIDED HEREIN,

Some states do not allew the exclusion or limitation of incidental or consequential damages or limitations on the duration of an
implied warranty, so the above fimitations or exclusions may not apply to You. This warranty gives You specific legal righis and
You may also have other rights which vary from stale to state.,

This Limited Warranty is effective June 1, 2011 and replaces all undated warranties and warranties dated befare June 1, 2011,

in the U.S.: BERKELEY, 293 Wright St., Delavan, WI 53115
In Canada: 269 Trillium Dr., Kitchener, Ontario N2G 4W5




Installation

Pump
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Dirt and Sg;

1.

Use New Pipe for Best Recults.
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Clean Flow!
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Figure 1 — No Dirt or Scale in Suction
Pipe

Figure 2 — Foot Valve Must Work
Freely
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If Air Pockets Form, Water Won't Flow.

Keep Pipe Straight and Angled up to Pump.

Before you install your pump
NOTICE: Well must not be mare than 20/ depth to water.

Long runs and many fittings increase friction and reduce flow, Locate
pump as close to well as possible: use as few elbows and fittings

as possible,

Be sure well is clear of sand. Sand wili plug the pump and vaid

the warranty.

Protect pump and all piping from freezing. Freezing will split pipe,
damage pump and void the warranty. Check locally for frost protection
requirements (usually pipe must be 127 below frost line and pump must
be insulated).

Be sure all pipes and foot valve are clean and in good shape.

No air pockels in suction pipe.

No leaks in suction pipe. Use PTFE pipe thread sealant tape to seal
pipe joints,

Unions instalied near pump and well will aid in servicing. Leave room
to use wrenches.

AwWARNING, Risk of explosion. Pump body may explode if used as a
booster pump. DO NOT use in a booster application,

NOTICE: Use the installation method which matches your wel! type.
[nstail a check valve in the pump suction port. Be sure that the flow
arrow points toward the pump. Failure 1o install a check valve on the
inlet side of the pump may allow the pump body to drain between

pump cycles, causing dry running, seal or internal failure, and voiding
the warranty.

Use PTFE pipe thread sealant tape or pipe Join!
compound approved for use on PVE,

No air [zaks In S
Suction pipe.

1 air flows
water won't

Sags Aliow Air Pockets

i Use PTFE tape.

/__I

TENY Y )

Figure 3 — No Air Pockets in Suction Figure 4 — Suction Pipe Must Not Leak

Pipe



Installation

/ Priming plug
~=—— Priming tee

Suction /

pipe
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Standing water

20 (5 ) max. T teval (puimp offy
i— Lo L] — Drawdown water
* level (pump on
10-20° (3-6 m)

@
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Atleast 5 feet {1.5 m)
Foot
Valve

‘4-

Figure 5 = Cased/Dug Well Installation

Check valve

Steel drive pipe
_—

J Drive coupiing
—

i

Driven point
et

Figure 6 —~ Driven Point Installation

Priming .

Service

Check E
Valveg 3

Gate
Valve

Figure 7 — Multiple Discharge

Cased Waell Installation

1. Inspect foot valve to be sure it works freely. Inspect strainer to be sure it
is clean.

2. Connect foot valve and strainer to the first length of suction pipe and
lower pipe into well. Add sections of pipe as needed, using PTFE tape
on male threads. Be sure that all suction pipe is leakproof or pump
will lose prime and fail to pump. install faot valve 10 to 20 feet below
the lowest level to which water will drop while pump is operating
(pumping water level). Your well driller can furnish this information.

3. To prevent sand and sediment fron entering the pumping system, the
foot valve/strainer should be at least 5 feet above the hottom of the well,

4. When the proper depth is reached, install a sanitary well seal over the
pipe and in the well casing. Tighten the bolts to scal the casing.

5. When using a foot valve, a priming tce and plug as shown in Figure 5
are recommended.

Dug Well Installation

Same as cased well installation.

Driven Point Installation

1. Connect the suction pipe to the drive point as illustrated in Figure 6.
Keep horizontal pipe run as short as possible. Use PTFE pipe thread
sealant tape on male pipe threads. Multiple weli points may be
necessary to provide sufficient water to pump.

2. Install a check valve in horizontal pipe. Flow arrow on check valve
must point toward pump.
MHorizontal Piping From Well To Pump

1. Never install a suction pipe that is smaller than the suction port of
the pump.

2. To aid priming on weil point installations, instali a line check valve as

shown in Figure 6. Be sure check valve flow arrow points toward pump.
Discharge Pipe Sizes
1. If increasing discharge pipe size, install reducer in pump discharge part.
Do nat increase pipe size by stages.
2. When the pump is set away frem the points of water use, the discharge
pipe size should be increased to reduce pressure losses caused
by friction.
+« Upto 100’ run: Same size as pump discharge port.
« 100 1o 3007 run: Increasc one pipe size,
= 300 to 600 run: Incrcase two pipe sizes.
Sprinkling Application
This pump is designed to deliver plenty of water at full sprinkler pressure. It can
pump from a pond, cistern or well paints.
Pump discharge can be divided to supply two (2) or more sprinkler systemns.
A suggested multiple discharge to service is shown in Figure 7.
Do not use in a pressure tank or booster pump application. .

Pump Installation

Malke sure that all pipe jeints in the suction pipe are air tight as well as
water tight If the suction pipe can suck air, the pump will not be able to
pull water from the well.



Installation

Figure 9 — Independently Support All
Piping Attached to Pump

Use PTFE pige thread sealant tape or pipe joint
compound approved for use on PVC.

No air leaks In
Suction pipe.

If air lows
water won't

Use PTFEE tape,

1 Bolt pump to solid, level foundation.

2. Suppart all piping connected to the pump.

3. Wrap 1-1/2 to two layers of PTFE tape clockwise (as you face end of
pipel on all male threads being attached to pump.

4. Tighten joints hand tight plus 1-1/2 turns. Do not overtighten.

NOTICE : tnstall pump as close to weli head as possible. Long piping runs
and many {ittings create friction and reduce flow.

NOTICE: For long horizontal pipe runs, install a priming tee between check
valve and well head as shown in Figure 6. For driven jpoint instailations,
install a check valve as shown in Figure €. Be surc check valve flow arrow
points toward pump.

Use schedule 80 or iron pipe. See Well Pipe installation for more

information.

Wiring

[4WARRING| Hazardous voltage. Follow these rules 1o avoid potential harm:

= Ground motor befare connecting to electrical power supply. Failure to
ground motor can cause severe or fatal electrical shock hazard.

* Do not ground to a gas supply line.

* Toavoid dangerous or fatal electrical shock, turn OFF power to motor
before working on electrical connections.
Supply voltage must be within £10% of nameplale voltage. Incorrect
voltage can cause fire or damage molor and voids warranty. If in doubt
consult a licensed electrician.

*  Use wire size specified in Wiring Chart. If possible, connect pump to a
separate branch circuit with no other appliances on it.

*  Wire motor as shown (Figure 12B). If motor nameplate diagram does
not match either Figure 12A or 128, follow nameplate diagram.

Figure 10 - Use PTFE pipe thread sealant tape on pipe Figure 11 — Don’t overtighten.

joints and connections to pump.



Electrical

Green
Ground
Screw

Figure 12A — 230V Single Phose
Wiring Diagram

3-Phase Low Voltage

4-Brown

5-Orange 3

6-Black

1-Red

7-Purple — ®— LNET
2-White LINE 2
B-Gray :/."_

3Blue gy | INE3

9-Pink

. To reverse
3-Phase High Voltage ,5t45i0p,
" 1-Brown interchange
- 7-Purple ::. any two line

5-Orange leads.
8-Gray 3

6-Black

oPink — @

1-Red ——@— LINE1

2-White ——@— LINED
3-Blue —@— |INE3

Figure 12B ~ 3-Phase Wiring Diagram

Connection Diagram for Single-Phase Motors

Your motor’s terminal board (under the motor end cover} should match the
diagram in Figure 12A or 12B.

for single-phase motors, follow Figure 12A, For 3-phase mators, follow
Figure 12B. tf motor does not match this picture, follow the conneclion
diagram on the mator nameplate or in the motor connection hox.

LAWARNING Hazardous voltage. Can shock, bum, or cause deuath. Disconnect
power to motor before working on pump or motor. Ground moter before
connecting to power supply.

1. Install, ground, wire and maintain this pump in accordance with
electrical code requirements. Consult your local building inspector for
information about codes.

2. Provide a correctly fused disconnect switch for protection while
working on motor. Cansult local or national electrical codes for
switch requirements,

3. Disconnect powcer before servicing motor or pump. if the disconnect
swilch is out of sight of pump, lock it open and tag it to prevent
unexpected power application.

4. Ground the pump permanently using a wire of the same size as that
specified in wiring chart (below), Make ground connection to green
grounding terminal under motor canopy marked GRD. or (2.

3. Connect ground wire to a grounded lead in the service pancl ortoa
metal underground water pipe or well casing at least 10 feet long. Do
not connect to plastic pipe or insulated fittings.

6. Prolect current carrying and grounding conductors from cuts, grease,
heat, oil, and chemicals.

7. Connect current carrying conductors to terminals LT and L2 under
motor canopy (single phase) or in molor connection hox {3-phasel.
When replacing motor, check wiring diagram on motor nameplate
against Figures 12A and 12B. Il the motor wiring diapram does not
match one of the diagrams in Figures 12A and 12B, follow the diagram
an the motor.

8. Motor has automatic internal thermal overload protection. If motor has
stopped for unknown reasons, thermal overload may restart it unex-
pectedly, which could cause injury or property damage. Disconnect
power before servicing motor,

If this procedure or the wiring diagram is confusing, consult a
licensed clectrician,

Wiring Chart — Recommended Wire and Fuse Sizes

Branch Distance In Feet(Meters) From Motor To Supply
Maode| MHO:’W Volts/Hz/Phase Fagfgi:fnp Ig:lsai; 3)--13%2 1{2: é?o :E; ié?)o JQOJ] -"14202(5: j{:; : ;23»
Amp AWG Wirc Size (mny)
B&2436 2 23070041 133 20 123 “ 1213 10 (3.5 1015.5) B84
Ba2639 2 208-230/460/6043 10.2/5.1 1515 14 {2414 () 14 (25714 2 12 BH14 D 105,544 (2} 105.5114 ()
B86073 2 230im0:1 9.8 20 142 142! 1243 10455 16(5.5;
Ban074 2 208-2304060/00¢3 9.2/4.6 15/15 14 (2¥14 (2 42403 12 30147 1055614 (2 1053712 (3

* Dual efement time delay fuse




Operation

-

Figure 15 ~ Do Not Run Pump with
Discharge Shut-off.

Priming The Pump

NOTICE: The term “priming’ refers to the process of pumping all the air

out of the system, filling the pump and suction piping with water, and
beginning to move water through the pump and out into the system. A ‘self-
priming” pump generally will repeat this process without attention once

the pump and system are full of water. If the water drains out of the pump
(back into the well, for example], then the whole priming process must he
repeated before operating the pump again.

To make sure that the pump will retain its prime’ {that is, that the pump
and its piping will stay full of water), BE SURE to install a check valve in the
pump inlet port with the flow arrow pointing towards the pump. The check
valve will prevent water fram siphaning out of the pump body and back
down into the well, which will keep the pump fulf and aflow it to restart on
its own.

DO NOT remove the recirculation valve cover (there are spring-loaded
parts inside the recirculation valve — see Figure 16) when priming or -
draining the pump. The drain is a hex-head pipe plug underncath the pump
hody. To drain the pump, remove the hex plug (Ref. No. 17, Repair Parts
diagram). Do not disturb the recirculation valve (Ref, No. 19).

* lithe pump or the suction pipe have been drained for any reasan,

BE SURE to reprime the pump before starting it.

NOTICE: NEVER run the pump dry. Running the pump without water in it

will damage the seals, can melt the impellers and diffusers, and voids the

warranty. lo prevent damage, fill the pump with water before starting.

1. Remove priming plug (Figure 13).

2. Make sure suction and discharge valves and any hoses on discharge
side of pump are open.

3. Fill pump and suction pipe with water.

4. Replace priming plug, using PTFE tape on thread: tighten plug.
NOTICE: If a priming tee and plug have been provided for a long
horizontal run, be sure to fill suction pipe through this tee and replace
plug. (Don't forget to PTFE tape the plug.)

5. Start pump: water should be produced in 5 minutes or less, the
time depending on depth 1o water (not more than 20' and length of
horizontal rur (10" of harizontal suction pipe = 1’ of vertical lift due to
friction losses in the pipe).

i no water is produced within 5 minutes, stop pump, release all
pressure, remove priming plug, refill and trv again.

AWARNING] Hazardous pressure and risk of explosion and scalding, If pump

is run continuously at no flow (that is, with discharge shut oif or without

priming], water may boil in pump and piping system. Under steam pressure,
pipes may rupture, blow off of fittings or blow out of pump ports and scald
anyone near.

To prevent explosion, do the following:

A. Be sure discharge (valve, pistol grip hose nozzle, etc.) is open whenever
pump is running.

B. If pump fails to produce water when attempting to prime, release
all pressure, drain pump and refill with cold water after every
two atlempts,

C. When pri~ g, monitor pump and piping temperature. [f pump or
piping begin 1o fecl warm to the touch, shut off pump and allow system
to cool off. Release all pressure in system and refill pump and piping
with cold water,



Maintenance

Bigic
Recirculation Val
Do not disturb

Figure 17

o ol
Recirculation VYalve
Do not disturh!

Figure 18

Figure 19

Figure 20

Maintenance

If motor is replaced, replace the shaft seal and O-Rings. Keep a seal and
O-Rings on hand for future use.

Be sure to prime pump before starting.

NOTICE: The mechanical shaft seal in the pump is water [ubricated and
self-adjusting. .
NOTICE: Drain pump (see Figure 16) when disconnecting from service or
when it might freeze. You can fill the pump with RV anti-freeze (propylene
glycol) to prevent it from freezing, DO NOT remove the Recirculation Valve

to drain the pump (Figure 16). Remove the hex head ptug on the bottom of
the Pump Suction Body to drain the pump.

Pump Disassembly
See Repair Parts for Ref, No. references.
NOTICE: Do not disturb the recirculation valve (sec Figure 16). It is NOT a

drain plug!

1. Shut off power to the pump before working on it,

2. Close all suction and discharge valves to isolate the pump befare
proceeding further.

3. Remove the hex head drain plug (Ref. No. 17) from the suction body
and drain the pump.

4. Disconnect the suction ine.

5. Remove four capscrews (Ref, Na. 18} from the pump (see Figure 173,

6. Pull the pump suction body forward (see Figure 18). Remove the sleeve
{Ref. No. 9) by pulling it straight forward. Be careful nat to damage the
O-rings on the bracket and suction body.

7. Remove the motor canopy, hold the motor shaft with a 7/16” open end
wrench, and remave the nut and two washers (Ref. Nos. 14,13, 123
from the end of the shaft. See Figure 19.

8. Slide the impellers and diffusers (Ref. Nos. 11, 10) off of the shaft
(Figure 19).

9. Slide the spacer (Ref. No. 7) off of the shaft, then pull the rotating half
of the seal (Ref, No. 6) forward on the shaft and remove it,

10. Block up the motor (so that the shaft will not take the weight of the

motor when you loosen the capscrews holding the motor to the
bracketi, remove four capscrews (Rei. No. 2), and slide the motor and
shaft back out of the bracket isee Figure 20).

NOTICE: To avoid springing the shaft, be sure that the shaft does nat
take the weight of the motor as you remove it.



Maintenance

10

Figure 21

Pipe

Cardboard —
Washer

Seal Half

Figure 24

Gorrect oriznitation

Figure 25

Incurrect crientation

Seal Removal

1.

2.
3.
4

(9]

Fallow the instructions under “Pump Disassembly”, above.

Remove the discharge pipe from the bracket (Ref. No. 43,

Remove the hold down bolts from the bracket.

Turn the bracket motor side up on the bench and use a screwdriver 1o
carefully tap the stationary seal half out of the bracket (see Figure 21).
Clean the seal seat cavity in the bracket.

Seal Installation

1.

N

Turn the bracket pump side up on the hench. You will need to block it
up to do this (Sce Figure 22).

Clean the seal cavity in the brackel.
Wet the outer edge of the rubber cup on the ceramic seat with liquid
soap. Be sparing!

Put a clean cardboard washer on the seal face. With thumb pressure,
press the ceramic scal half firmly and squarely into the scal cavity.

The polished face of the ceramic seat is up. K the seal will not seat
correctly, remove it, placing the seal face up on the bench. Reclean the
cavity. The scal should now seat correctly.

If the seal does not seat correctly after recleaning the cavity, place a
clean cardboard washer over the polished seal face and carefully press
itinto place using a piece of standard 3/4" pipe as a press.

NOTICE: Be surc you do not scratch the seal face.

Dispose of the cardboard washer and recheck the seal face to be sure it
is Iree of dirt, {oreign particles, scratches and prease.

Inspect the shaft to be surc it is free of nicks and scratches.

Pump Reassembly

1.
2.

w1

Bolt the bracket down to the foundation (see Figure 23,

Slide the motor shaft through the seal and hoit up the motor (sce

Figure 23). Make sure that the slinger is on the shait between the
bracket and the motor flange. Make sure that you don't chip the seal
face with the shaft shoulders and that the shaft does not take the weight
of the mator at any time.

CAREFULLY slide the rotating seal half onto the shaft, seal face first.
Make sure that you don’t chip the seal face on the shaft shoulders.

Follow the seal half with 1he spacer (Ref. Nao. 7}. Slide the washer up
against the seal.

Slide a diffuser onto the shaft (open face out) until it seats on the
bracket (see Figure 24). Follow the diffuser with an impeller on a four-
stage pump or with the stainless steel spacer if a three-stage pump.
Engage the molded impeller key in the slot in the shaft. Don't force it!
Be sure that the impeller eve, with metal ring, faces out iforward - see
Figure 25).

Repeat step 4 with the remaining impellers and diffusers.

Reinstall the toothed washer, the flat washer, and the impeller nut {in
that order — Ref. Nos. 12,13,14) onto the motar shaft (see Figure 26).
Hold the shaft and tighten the impeller nut to 10 ft.-Ibs. tarque.
Check the sleeve O-Rings; if they show any damage or wear, replace

them. Reinstall the sleeve O-Rings (Ref. No. 8) on the bracket and the
suction body.



Maintenance * Troubleshooting

8. Reinstall the sleeve on the bracket and the pump
suction body in the sleeve. Be sure that vou do not
pinch or damage the O-Ring. Sec Figure 27.

9. Install four capscrews (Ref, No. 18} through the
pump head and info the bracket. Tighten the
capscrews to 22 ft.-Ibs. torque, '

10. Reinstall the drain plug and washer (Ref. Nos. 17
and 16} in the suction body.
NOTICE: Do not disturb the recirculation valve.
Figure 26 Figure 27 t1. Reinstall the suction and discharge piping and open
all vatves. Check for leaks.
12, Frime the pump according to the instructions on
Page 8.
Troubleshooting
Symptom Possible Cause(s) Corrective Actionis)

tdotor will not run

Disconnect switch is off

Be sure swilch is on.

Fuse is blown or circuir breaker
trinped.

Replace fuse or reset cirrvit brezlker.

Starting switch is defective.

DISCONNFCT POWER: Replace starting switch,

Wires at motor are loose,
disconnected, or wired incorrectly.

Refer to inslructions on wiring. DISCONNECT POWER; check and tighten all wiring,
{ AWARNING | Risk of clectrical shack. Capacitor voltage may be hazardous. To
discharge capacitor, hold insulated handle scrowdriver BY THE HANDLE ane shost
capacitor terminals together. Do not touch metal screwdriver blade or capacitor
terminals. If in duubt, consult a gualified electrician.

Motor runs hot and overload kicks
off.

Mator is wired incarrectly.

Refer to instructions on wiring,

Voltage is oo low

Check with power company. Install henvier wiring if wire size is oo small {See
Electrical / Wiring Chart,

Motor runs but no water is defivered
in new installation:*

- Impraper priming

1. Re-prime aceording ta instructions.

2. Air leaks

2. Check ali connections on suction fine, with soapy water or shaving cream,

e

- Leaking foot valve or check
vaive

3. Replace foot valve or check valve,

P

* Stop pumyy; then check prime
before focking for ather causes.
Unscrew priming plug and see if
water 15 in priming hole.

Pump has fost grime in installation
alesady in use:

1. Air leaks

1. Check all connections on suction line and shait seal.

[

- Water level below suction pipe
inler

2. Lower suction fine into water and re-prime. If receding water level in well excesds

200 {G.AM), a decp well pump is necded.

Foot valve or strainer is plugged

Clean foot valvye or strainer,

Impeller is plugged

Clean impeller.

Check valve or foot valve is stuck
shigl

Replace check valve or foet valve.

Mipes are frozen

Thaw pipes. Bury pipes helow frast line. Heat pit o nump house.
pip oy prp F puny

Fool valve and/or strainer are
buried in sand or mud,

Raise foot valve antlior strainer above bottom of water source. Clean fot valve and
strainer.

Water fevel is ton low for shallow
well setup to deliver water,

Pump will not lift water more than 20 (6.1M),

capacity. or limetl, causing excess friction.
Piping is toa small in size Use larger piping,
Packed well point Backttush well point or sink new paint,
—

Pumg does nat deliver water to full

Water level in well is lower than
estimated.

A Ceep well jet will be needed if deptly to water in vour well is more than 20
6.1,

Steel piping {if used) is corroded

Replace with plastic pipe where possible, atherwise with new steel pipe.

Lo_i.




Repair Parts 12

Exploded View

19 3.
3 Stage | B86073 | B86077

4 Stage | B82456 | BB2639

17 18

Ref. | Part Description Qty. | Baz436 | B32639 | Buk073 B86074
1 Mator 1 B35740 B&LO7 & BB60sS BB6077
2| Socket Head Capscrow 4 U30-104ZP

3 | Slinger 1 17351-0009 |
4 | Bracket 1 M13784

5| Impedler Repair Kit (Includes Ref. Nos. 6-8 and 10-14) 1 B85604 f B86O78

6 Shaft Seal 1 U9-36%

7 Spacer 1 12101710

3 Q-Ring 2 111P2700

9 | Sleeve i 25144310

10 Driffuser 4 10TP6290

11 Impeiler Jord 101P6210

1A | Spacer (3 Stg pump only} 1 M15780

, 12 Washer, Flat 1 121P1760

13 Washer, Toothed 5 M13975

14 Impeller Nug 1 U36-20455W

13§ Pump Body {Suction) 1 75154800

16 | Washer 2 121P0810

17 | Pipe Plug 2 171P1180

18 | Capscrew 4 121P1690

19 | Recireulation Valve Compleic Includes O-Ring) 1 7BR0O5820
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