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INTRODUCTION

This manual has been prepared for the purpose of providing general information and
recommendations for the operation and maintenance of your air-cooled heat exchanger in order
to insure that it will continue to provide you maximum performance in future years under a
variety of operating conditions.

Normal maintenance items and light repairs as outlined can be achieved with basic mechanics
tools. These include adjusting v-belt tension, checking and adjusting fan blade pitch angle,
lubrication of bearings, setting of vibration switches and the periodic cleaning of fin tubes, both
externally and internally. For more specific and detailed information please refer to the
individual manufacturer's maintenance instructions for the specific item or component in
guestions (i.e. motors, fans, bearings, and controls). The Table of Contents indicates the
appropriate section where this information is contained.

Naturally, prudent judgment should always be exercised when repairing, replacing or particularly
modifying any original parts to make certain that they are equivalent to the original design. AXH
air-coolers stocks most standard parts and components and are available within a 24 hour
emergency basis if necessary.

RECEIPT OF EQUIPMENT & SITING

Upon arrival at site, the cooler should be inspected thoroughly by receiving personnel. Damage
in transit could be the result of dropping or being struck by heavy objects or equipment. Observe
the sub-skid, flanges, plenum side panels and coil sections for any apparent physical damage.
Dents, bent flanges, crushed fins, damaged controls are among other items that should be
described on the bill of lading document and presented by the carrier. Prompt reporting will
expedite filing of claims and will expedite resolution and compensation from the responsible

party.

Installation of the cooler(s) is the responsibility of the purchaser or contractor who must insure
that the cooler intake areas are free from obstructions and provide adequate airflow. Spacing of
air coolers should be adequate to avoid hot air re-circulation (and the affects of other coolers).
The impact of grouping coolers closely together may be compensated for by either elevating
and/or separating them.

The cooler is normally completely shop assembled and no field assembly at the job-site is
required. However, occasionally optional or special accessories may require disassembly to
meet transportation height or width limitations. In the event some assembly of the unit is
required, the appropriate assembly instructions will accompany the shipment. The packing list
should be checked carefully to see that all parts shipped with the cooler are on hand. These
parts may be shipped separately, secured to the skid base (if so designed) or inside the plenum
area.



UNLOADING & HANDLING COOLERS

Spreader bars should be used for lifting when the cooler width is over eight (8) feet. The cooler
is normally supplied with multiple lifting points to be used for off loading from carrier. Lifting by
any other point may cause damage to the cooler. Following are some recommended ways of
lifting. Please refer to the illustration below that resembles the type of AXH air-coolers cooler to
be handled and use it as a guide on how to unload and handle the cooler properly. (See unit
name plate for unit type i.e. EF, VI, FF, ZF, etc.)




PRIOR TO RUN-IN & START UP

HYDROSTATIC TEST

AXH air-coolers tube bundles (sections) are hydrostatically tested to 1.3 times the design
pressure as required by ASME before being released for shipment. To ensure that no damage
has been done during shipment and/or installation, it is good practice to hydro test the entire
system, including piping, heat exchangers, pumps, etc., prior to start up.

BEARINGS

Check bearings for lubrication. Caution: DO NOT OVER GREASE. The manufacturer has
greased the bearings and no additional grease is necessary at start up. Remote lubrication
lines, when provided, should be loosened at the bearing end, and checked to be sure they are
filled with grease from the fitting end. This will ensure that the lube lines are full of grease and
free of air and any debris. During high-speed operation too much grease will cause over-
heating. When dust and water are present bearings should contain as much grease as the
operating speed will permit since a full bearing with very slight leakage is the best protection
against the entrance of foreign material. Under normal conditions refer to the following table as
a general guideline, although certain conditions may require a change of lubrication periods
other than those described. Bearing mounting bolts and set screws should be checked for
tightness. See bearing manufacturer recommended lubrication chart for recommended
maintenance schedule and type of grease.

FANS

Check fan blade bolts and hub bushing set screws for tightness. Rotate fan by hand to insure
that shaft, speed reducer, and driver turn freely. The fan blades should be checked for
adequate tip clearance and blade pitch angle. To measure this, first move all blades past a
fixed point on the inside of the fan ring and observe which blade has the least amount of
clearance at that point. Then move the blade selected 360 degrees to the point of minimum
clearance. Refer to the section on fans. If the fan is found not to be centered in the fan ring,
slight adjustment of the tip clearance can be made by loosening the fan shaft bearing bolts and
moving the complete fan and fan shaft assembly until it is centered in the fan ring. To check the
fan blade angle, use a level bubble protractor (this can be obtained from AXH air-coolers).
Loosen the nuts on the bolts and place the protractor on the angle setting mark or the clevis.
Refer to fan manufactures information for proper location and air-x-hemphill parts list for design
angle. Using a mallet, tap on the shank end of the blade to adjust the angle. Tighten fan blade
bolts to the proper torque (refer to manufactures maintenance instructions) making sure to
tighten evenly. Recheck blade angle. Occasionally coolers may be equipped with an auto-
variable type fan. These fans have blade angles controlled by varying the air supply pressure.
Air pressure should be applied to the fan before starting to check for proper operation. Before
starting, any electric motor should be “bumped” to check for proper direction of fan
rotation and air flow. This will also insure that the motor is in proper working order.




LOUVERS/SHUTTERS

Check all mounting brackets and bolts for tightness. To insure that the linkage is adjusted
properly on manually operated louvers, operate blades from a fully open to a fully closed
position. On automatic louvers with air motors (optional) air should be applied to actuator to
check for proper linkage adjustment, free operation, and sufficient air supply. For further
information on air motors see attached manufacture maintenance instructions.

CAUTION: DO NOT WALK ON LOUVERS OR USE THEM AS A LADDER

V-BELT DRIVES
Check V-Belt tension in accordance with V-Belt tensioning section of this manual.
GEAR BOX

When supplied, check gearbox for oil. Gears are shipped without oil and must be filled and
serviced in accordance with the instructions contained later in this operating manual.

VIBRATION SWITCH (OPTIONAL)

For Murphy switches, after the switch has been installed, adjust it by turning the adjustment
screw in a clockwise direction until the starting torque does not trip the vibration switch. For
other brands see the specific manufacture’s information.

PROCESS START-UP

The process start-up should be conducted in a manner that will minimize thermal shock of the
tube bundles. Over cooling of fluids during periods of low ambient temperature and/or low heat
load duty should also be avoided, especially during start up.

HEADER ACCESS PLUGS

Header plugs opposite each tube are installed at room temperature. To correct any minor
leaking, it may be necessary to tighten the plugs when the bundle is at operating temperature.
WARNING: DO NOT tighten plugs while bundle is under pressure. If any plugs are removed,
the soft iron gasket (shoulder plugs only) should always be replaced. Replacement gaskets are
in stock and may be ordered from AXH air-coolers. When installing the plugs, a thread
lubricant and/or anti-galling compound should be used.



LONG TERM MAINTENANCE
FIN CLEANING

Fins should be kept free of dirt and lint. Bug and lint screens are an available option that will
greatly assist in keeping tube bundles clean. Fin tubes can be cleaned by directing compressed
air perpendicular to the tubes in a direction OPPOSITE to the normal airflow. Caution should be
when using steam or chemicals to clean fins. DO NOT clean or spray water when the
section/bundle is hot.

TUBE CLEANING

The internal cleaning of tubes can be done in several different ways:

1. Mechanical Cleaning - This consists of using a drill, (or wire brushes), on long rods, and
rotating them with air or electric motors. This is normally followed by a treated water or
chemical wash or air purge.

2. Chemical Cleaning - This consists of circulating chemical solutions through the tubes. The
solution should contain inhibitors to avoid corrosion of the tube walls.

3. High Pressure Water Sprays - This consists of placing a high-pressure water jet head at
the end of hollow rods and pushing through the individual tubes.

NOTE: The last two processes will not work on tubes that have been “plugged” with sealing
pins.

LEAKING TUBES

Tube leaks are generally of two types: 1) leaks through the tube wall itself, and more commonly
2) leaks in the tube end attachment in the header (tube sheet). In the first case it is desirable to
plug both ends of the tube. Only a limited number of tubes can be sealed off in this manner
before performance is adversely affected and will vary with each specific application. When
cooling performance falls below acceptable limits, the tube bundle may be re-tubed. If leaks
develop in the tube end attachment at the tube sheet, re-rolling of the tube may be necessary.
Care must be taken in selecting the proper tube expander for the tube size (diameter) and
gauge of tube to be rolled. When rolling a tube, excess or “over-rolling” must be avoided.
Consult the factory for further information on taper sealing pins to plug the tubes and tube roller
sizes.



INSTRUCTIONS FOR USING TAPER PINS FOR SEALING TUBES

1) Remove header access plug from one end of leaking tube (do not switch plugs in holes)
and replace with new gaskets whenever possible.

2) Insert taper sealing pin through plug hole into tube and tap lightly with hammer until
seated firmly, but not too tight to be removed.

3.) Measure plug to determine the depth it was originally screwed into header plug sheet.
(Dimension A)

4.)  Measure the distance that the taper pin protrudes from the header plug sheet in “seated”
position. (Dimension B)

3.) Add the distance measured in Steps 3 and 4 and subtract 1/8". This will be the length
which should be cut off the large end of the taper sealing pin. (A+B-1/8" = Dimension C)

4.)  Remove the taper pin from the end of the tube.

5)) Cut the end off the large end of the taper pin to the length calculated in Step 5.
CAUTION: Do not cut the pin too short.

6.) Re-insert the taper sealing pin in the tube and drive securely into place.

7.)  Lubricate the access plug and replace it in plug sheet and run in tightly. The plug should
now seat tightly and hold taper pin in place.

8.)  Repeat operation on other end of tube.

9.) Hydro-test section to insure proper pressure seal without leaks.

NOTE: If the access plug that was removed does not seal properly, replace it along with the
gasket if it is a shoulder type plug.

(tB-1/8=C



INSPECTION

TUBES

Tubes should be inspected for internal and external corrosion and/or erosion periodically. This
depends on the severity and type of service and atmosphere that the tubes are operating in.
Inspection of the tubes should be performed every six months to one year intervals. Tube wall
thickness can be checked externally using an ultrasonic technique.

FANS

Fans should be inspected for wear or loose bolts (cracks, pitting and corrosion) on all surfaces. These
inspections should be performed every six months. In addition to surface inspections, all bolts and
nuts must be checked for proper torque. (See the fan section of the manual).

BEARINGS

In addition to checking bearings as recommended by the manufacture, the mounting bolts should be
checked for proper torque and alignment. These checks should be done at least every six months.

STRUCTURE

A general inspection of the structure should be performed every six months to a year. This inspection
should include checks for corrosion, damaged members, sheeting guards and for loose bolts.

HEADERS

Headers should be inspected for corrosion periodically. This corrosion should not be allowed to
proceed past the stated corrosion allowance as stated on the individual job specification data sheet.

RECOMMENDED SPARE PARTS

We suggest that one each of the parts that are identified as recommended spare parts on the Table of
Contents page, be kept in stock or be readily available. The down time caused by waiting for delivery
of a replacement part may cost far more in lost production or service than the cost of the item itself.

Spare parts orders should be specified in accordance with the parts list description and
always include the corresponding AXH air-coolers’ model and job number.



WARRANTY

AXH air-coolers warrants that the equipment it manufactures is free of defects in material and
workmanship, when operated in accordance with conditions stated, for a period of one (1) year after
start-up not to exceed fifteen (15) months from shipment. Such warranty shall not apply to any
equipment that has been altered or repaired by other than the Company’s personnel. The Company’s
obligation under this warranty is limited, however, to repairing or, if in the Company’s judgment it
seems more appropriate, to furnishing without charge, F.O.B. the Company'’s factory, a similar part to
replace any part which after examination shall, to its own satisfaction be determined to have been
defective at the time it was shipped. This warranty applies only if the Company received an immediate
written notice upon discovery of such defect. The Company makes no warranties covering
deterioration or failure due to corrosion, erosion or fouling or due to improper installation or operation.
EXCEPT AS SPECIFICALLY STATED ABOVE, AXH AIR-COOLERS HEREBY DISCLAIMS ANY
AND ALL WARRANTIES, EXPRESS OR IMPLIED, WHETHER OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, OR OTHERWISE.

LIMITATION OF LIABILITY

The remedies set forth herein are exclusive. AXH air-coolers shall not be liable, in excess of the
purchase price of the equipment, for any damages, whether in contract, in tort or on any other basis,
sustained by the customer or any other person arising from or related to the delivery, use or failure of
the equipment or for any delay, special, incidental, consequential, indirect or commercial damages
whether due to lost profits or otherwise resulting from the delivery, use or failure of the equipment. If it
is ever necessary to contact our plant for service or replacement parts, it is essential that our job
number and other identifying data be obtained from the metal nameplate attached to the cooler, or the
nameplate attached to the tube bundle header box, which also contains the design pressure,
temperature, and serial number.

AXH air-coolers
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AXH air-coolers Job number: 118454A
401 E. Lowry Road, Claremore, Oklahoma 74017 Customler: MURPHY OIL CANADA
(918) 283-9200 Fax (918) 283- 9229 Quantity: 1.00
www.axh.com Model: 42-7
Parts List
Note: Quantity Shown is for One Unit Only
Revision Engineer Date Description
0 JB 01/17/2012 Initiated parts list
1 JB 01/25/2012 Added drain mod code to electric motor
2 JB 02/24/2012 Added nameplate mod for elec motor
QUANTITY DESCRIPTION OF PARTS
> 1.00 FAN EA FAN
Make: Multiwing
Model #: 42/8-8/37.5/PAG/5ZR/P1 1.625/BR
Diameter: 42"
No. Blades: 8
Rotation: Right Hand
Angle: 37.5
Bore: 1-5/8"
Keyway: 3/8"
1.00 LOUVERS EA LOUVERS
Auto louvers over section to include (1) Durastroke 1500 pivot mount
Manual side recirculation louvers, louvers to have integral personal guard & bugscreens
Auto end recirculation louvers to be linked to top recirculation & roll louvers
Auto roll louvers to include (1) Durastroke 1500 pivot mount
Auto top louvers to include integral hail guard
2.00 Air motor EA
Durastroke 1500
* 1.00 Electric-Motor EA Item for Attatched Notes
Make: TECO Westinghouse
Catalog #: E0058 - M 13 drain mod M1A Nameplate mod
Horsepower: 5
RPM: 900
V/P/HZ: 460/3/60
Frame: 254T
Enclosure: TEFC
Shaft: Vertical
Mounting: W-6
Special Notes: Single winding, variable torque, VFD compatable, CSA.
Motor to be nameplated for: Class 1 Zone 2 Group IIA
1.00 VS-VS2EX EA Vib. Switch Murphy VS-2-EX Explosion Proof CSA Stamp

** = RECOMMENDED SPARE PART
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401 E. Lowry Road  Phone (918) 283-9200 Proposal / Job No. 118454A
& AXH air-coolers |caoemore ok74017  Fax(918) 283-9229 |pate 1/19/2012
info@axh.com www.axh.com Page 10F 1

Purchaser VISTA PROJECTS / MURPHY OIL CORP. Ultimate User MURPHY OIL CORP.

Inquiry / PO# PO: 1780-009 (VISTA) / 54115097-207 (MURPHY) Destination CADOTTE PILOT CSS

# Units 1 Model 42ZF Reference PRODUCED GAS COOLER

Assembly PACKAGED Draft FORCED Overall Size, Ft 4'W x7'L [Est Wt 2,000 LBS

THERMAL & MECHANICAL DESIGN

Service PRODUCED GAS

Flow 1495#/HR

Fluid .7045SPGR

Temp. In/ Out, °F 300.0/140.0

Pressure, PSI 25PSIG

Pressure Drop, PSI 2.8

Heat Load, BTU/HR 726450

True LMTD 79.8

Overall Rate, U 104.2

Fouling Factor .0020

Surface, Tube / Total, Sq Ft 84 /1331
Sections, # (1)

Design Temp, °F Max / Min 473/-49

MWP / Test Press, PSIG 17317232

Pass Arrangement CROSSFLOW

# Tube Rows 3

# Tube Passes 4
Tubes, OD x BWG 5/8X16

Material SA179 STEEL

# Per Section / Length, Ft 89/ 6

Turbulators

Accelerators
Fins, Type HI-EFF

Material AL
Nozzles, Rating / Type 150RF

Material SA350LF2

#-Inlets / Size In 1) 3

#-Oulets / Size In 1) 3
Headers, Type BOX

Material SA516-70

Corrosion Allow, In .0625

Grooved Tubesheet DBL

Plugs, Type SHOULDER

Plugs Material SA350LF2

PWHT YES

ASME Code & Nat'l Board YES

CRN AB/BC/SK
Add'l Specs & Options

API 661*

Louvers / Hail Screen AUTO / INT
Inspection / NDT BX/UT/H

FX= 100% X-Ray of all header seam, attachment & nozzle butt welds. SX= Spot X-Ray of 1 long seam & 1 end closure, per header

BX= 100% X-Ray of all nozzle butt welds. UT = 100% UT of all header seam, attachment & nozzle butt welds. H = Hardness testing.

AIR-SIDE PERFORMANCE FAN DATA DRIVER DATA STRUCTURAL
Ambient Air Temp, In °F 86[Fan(s) (1) MULTI-WING|Type Guards FAN / DRIVE
Elevation, Ft 2221|Blade Material PAG|DIRECT DRIVE BY (1) 5HP, SOFT BUGSCREENS
Air Flow, SCFM 15,976|HP / Fan 3.5|900RPM, 460/60/3, TEFC, VFD INTEGRAL HAIL GUARD
Outlet Air Temp, °F 127.4|Dia, In / # Blades 42 /| 8| COMP. MOTOR (CSA) WITH WARM AIR RECIRC SYSTEM
Min Air Temp, °F -20{RPM 870{1.15 SERVICE FACTOR LADDER & PLATFORM
Tipspeed, FPM 9566|MURPHY VS2EX VIB. SWITCH

Est. Noise Data: 84 dBA @ 1m, 59 dBA @ 15m |Pitch, Deg 375

Additional Info.

* - API1 661 WITH STANDARD EXCEPTIONS & CLARIFICATIONS
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AXH air-coolers

401 EAST LOWRY ROAD, CLAREMORE, OK 74017

OF: 918-283-9200 / FX: 918-283-9229

ASMECALC2011v1

ASME PRESSURE VESSEL CODE SECTION VIII-DIVISION 1 ()

STRESS CALCULATIONS

FOR NON-REINFORCED RECTANGULAR CROSS SECTION HEADERS

WRAPPER AS SHORT-SIDE PLATE / TUBE AND PLUG SHEET AS LONG-SIDE PLATE

REFERENCE NAME | DATE | REF. NO. VISTA PROJECTS / MURPHY OIL CORP. 02/15/12 118454
SERVICE NO. 1 2 3 4 5
SERVICE LABEL PRODUCED GAS
SERVICE TAG NO. 118454.1
SECTION DESIGN PRESSURE, ACTUAL | MAX PSIG P 178 178
SECTION HYDRO TEST, MULTIPLIER | PSIG @100°F 13 232
DESIGN TEMP, MAX | MIN F 473 -50
CORROSION ALLOWANCE IN CA .0625
TUBE O.D. IN 0.625
TUBE GAUGE BWG 16
TUBE MIN WALL THICKNESS IN 0.06
TUBE MATERIAL SA214 STEEL
TUBE PITCH IN pt 1.500
TUBE VERTICAL SPACING IN 1.299038
SHLDR PLUG PITCH DIA. IN DE 0.7192
TUBE ROWS 3
FLANGE DIA IN 3
FLANGE CLASS # 150RF
NOZZLE TO HEADER CONNECTION TYPE SET-ON PIPE
NOZZLE CONNECTION SCH SCH 160
NOZZLE CONNECTION, OD | AVG ID IN 35 2.624
WRAPPER SPAN IN H 25
TUBE/PLUG SPAN IN h 4.25
WRAPPER THICKNESS IN tl 5
TUBE/PLUG THICKNESS IN t2 1.0000
END PLATE THICK, ACTUAL | MINIMUM IN ts 0.3750 0.375
DRILL DIMENSION MINIMUM, TOP | END IN

OUTSIDE DIMENSIONS, WRAPPER | TUBE/PLUG IN 4.5 5.25
HEADER MATERIAL SA516-70N
FLANGE MATERIAL SA350-LF2
NOZZLE CONN. MATERIAL SA333GR6
END PLATE FACTOR/JOINT EFFICIENCY CIE 0.2
STRESS ALLOWABLE, HEADER MATERIAL PSI (S)h 20000
STRESS ALLOWABLE, NOZZLE CONN. PSI (S)n 17100
STRESS ALLOWABLE, TUBES PSI (S) 11400
PRESSURE MAX, HEADER BOX PSIG 723
PRESSURE MAX, FLANGE PSIG 200
PRESSURE MAX, NOZZLE CONN. PSIG 3382
PRESSURE MAX, TUBE PSIG 2370

ASME CALCULATIONS PER APPENDIX

13, FIG.13-2(a), SKETCH (1) AND CALCULATIONS PER APPENDIX 13 SECTION 13-7

(t1-CAY*3/12 11 0.006978353
(t2-CAY*3/12 12 0.06866455
(12/11)*a K 5.90379
3.4-2.4*((H+CA*2)/(h+CA*2)) OR 2.5 MAX. z 1.96
(H+CA*2)/(h+CA*2) a 0.6
(t1-CA)2 cl 0.21875
(t2-CA)2 c2 0.46875
(pt-DE)/pt em,eb 0.5205333
STRESS TYPE AT ASME SECTION STRESS PSI / % OF MAXIMUM STRESS (NOTE B)

MEMBRANE STRESS - SHORT-SIDE (WRAPPER) / LONG-SIDE (TUBE/PLUG) SHORT
(1) (P*(h+CA*2))/(2%(t1-CA)) (Sm)N 1000 5%
(2) (P*(H+CA*2))/(2*em*(t2-CA)) (SmM 538 3%
BENDING STRESS - SHORT-SIDE (WRAPPER)
(3) ((P*c1)/(12*11))*(-1.5*(H+CA*2)"2+(h+CA*2)"2*(1+a”2*K)/(1+K)) (Sb)N 873 3%
(4) ((P*(h+CA*2)r2*c1)/(12*11))*(1+a2*K)/(1+K)) (Sb)Q 4527 15%
BENDING STRESS - LONG-SIDE (TUBE/PLUG)
(5) ((P*(h+CA*2)"2*c2)/(12*eb*12))*(-1.5+(1+a2*K)/(1+K)) (Sbym 4382 15%
(6) ((P*(h+CA*2)r2*c2)/(12*12))*((1+a2*K)/(1+K)) (Sb)Q 986 3%
TOTAL STRESS - SHORT-SIDE (WRAPPER)
(7) EQM)+EQ(3) (STN 1873 6%
(8) EQ(1)+EQ(4) (SMQ 5527 18%
TOTAL STRESS - LONG-SIDE (TUBE/PLUG)
(9) EQ(+EQ(5) (STM 4920 16%
(10) EQ(2)+EQ(6) (SNQ 1524 5%
STRESS - END PLATES PER UG-34(3)

P*Z*(C/E)*((H+CA*2)/(tS-CA))*2 (S)EP 5532 28%

(A) ALL DIMENSIONS ARE LISTED AS UNCORRODED. ALL STRESS CALCULATIONS ARE BASIS FULLY CORRODED DIMENSIONS.

(B) MAXIMUM STRESS IS ALLOWABLE HEADER STRESS (S)h FOR MEMBRANE AND END PLATES, 1.5 X (S)h FOR BENDING AND TOTAL STRESSES.
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MORPHY

OIL_COMPANY LTD.

AXH AC - Engr = :918 742 7039

PURCHASE ORDER
~ 34115097-207

IS qumbar must appede on ) corespdndanis,

platform, mechanicol run test

pkgl  included: Murghy vibrotlon switeh, worem alr clreulotlon system with quto top &
roll shutters, manuol Intake - TIC by others, averoginh RTD & temperature
controllet for worm alr recire systerm, realstatlon for AB, BC & SK, ladder &

Buyer PO Dasciiation PO OMte ' '—‘ g b4
roggps’%?lal'? eN Agéw AERIAL COOLERS ___14-Nov-2011 ég
Q}'Ra,w AD CAV Ay S Praject Name [PC Campany IAed¢o Peyaront Teimy T2
Ryan Dick oS8 CSS Pllot Vista Projects Limited Netd5Days |5 g
T A03-204 -8038 Lacailon LPC Profact Number Qrdor Qurtancy Q
& ryan,_dlek@nurphyolicorp.com 13-9.85-17WsM 1780 USD§
Vendor Quetellen Reerence Dativary Murghy APE Nomber $hipoing Tarms
Quote # 118454 05-Mar~2012 54115097 FCA, Claremore OK
vender IovelcaTo MeTe
AlRKLIMITED MURRMY OIL CANADA
2230 East 49 Strent 4000, 520 - 8 Avenue SwW
Tulss, OK, UsA 74105 Calgary, AB, CA T2P 3Y3
Pavid Freshwater Faclitles
T:918-743-6111 Fi 51847427039 Attn: Ryan DRk
E: dfreshwater®alrxlimited.com
AIR-X-LIMITED AERIAL COOLERS
Nem ) auimity | Dasertpllon Majstdiner Unit Conl Tols
1 1.00| TAG #: AC-5010 - PRODUCED GAS AERIAL COOLER 9024-847 $40,120.00 $40,110.00

2 1.00) TAG K; AC-5020 - DONER FEED WATER COOLER

plotform, mechontcal run tast

pkel  Included: Murphy vibrotlon switeh, worm olr elreulation systam with outo top &
roll shutters, manuol intake - T1C by others, averaginh RTD & temperature
contraller Yot syarm alr recire system, reglstation Jor AB, BC & SK, ladder &

9024-447 $85,725.00 $85,725.00

blnctlnunlbmAbnul Thist0O Yo
Brant Lu @ Vieta Prajocts Ltd,
Y:403-258-4768 ¢ brantlu@vistaprojects.com

Sub Total $125,835,00
{plus GST)

- — \ o
Instruerians o Vandoe Qrder Prepaced py TotelVoluo of Purhare Order
Show PO Numbar 54115097-207 0n allliwakes and cornspandanie penaintng 1o s ordar
»Attachx cony of s Purchare Onder ta ALLINVOICES whan submllilng far payenant 5125,835.00
“Alachad 35 Pahid) 'A" 319 Torms and Conditlans which era mada a part M eo] f6¢a Purpire} s GSY)
+ 00 (1) €0py of thia ord4¢ 1416 bt dulyslgnad 8nd Ia\Umad Ugsn acalpt, Ratantlon for maro - al.. (plus GST)
thantan (30) worklng days shad comiRuta acceptsaca of this ordartn s anfvely Ordur Approved By
»\Work patformed (i not to daylate rom Whe seepa of this Purchate Ondgr , v-’:’)
*Nacostaare towueasd thip amovats (adieatod onthis Purctias Orden C:__,Q_\
< *  Ryon Dick, Jeff Send, Cal Buchonan
$125,835.00 \ ~J 54115097-207
{ nlusGsT) Pagelofi

CORFIDENTIAL / PROPRIETARY INFORMATION OF MURPHY OIL COMPANY LT, AND ATR--UMITED FOR AUTHORIZED COMPANY USE ONLY
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FORM U-1A MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS
(ALTERNATIVE FORM FOR SINGLE CHAMBER, COMPLETELY SHOP OR FIELD FABRICATED VESSELS ONLY)
AS REQUIRED BY THE PROVISIONS OF THE ASME CODE RULES, SECTION Viil, DIVISION 1

1. Manufactured and certified by : AXH air-coolers, LLC - 401 EAST LOWRY ROAD - CLAREMORE, OKLAHOMA 74017
(Name and address of manufacturer)
2. Manufactured for: MURPHY OIL CANADA, 4000, 520 - 3RD AVENUE SOUTHWEST, CALGARY, ALBERTA, CANADA T2P 3Y3
3. Location of installation: UNKNOWN
(Name and address)
4. Type HORZ. H. EXCHANGER 118454.1 V7153213  118454HDR-PROD GAS R1&118454-CRN1 RO 21006 2012
(Horizontal. or vertical, tank)  (Manufacturer's serial no.) (CRN) [Drawing number(s)) (Nationail Board Number) (Year buiit)
5. The chemical and physical properties of all parts meet the requirements of material specifications of the ASME BOILER AND PRESSURE VESSEL
CODE. The design, construction and workmanship conform to ASME Rules, Section VIii, Division 1. 2010 EDITION
Year
to: NO ADDENDA - -
Addenda. if 'apolicable (date) (Code Case numbers) ISoecial Service per UG-120 (dil
6. Shell: TUBE/PLUG: SA-516-70N FR&BK1" 0625 FR&BKO0'51/4" 3'95/8"
(Material spec. number, grade)  (Nominal thickness) (Corr. allow) (Inner diameter) [Length (overall)]
7. Seams: CORNER JOINT SEE REMARKS 1.0 1150° 1 - - -
[Long. (welded, dbl., R.T. (Spot or Full) (Eff., %) (H.T. temp.) (Time, hr) [Girth (welded, dbl., sngl., lap, butt)] [R.T. (spot (Eff., %) (No. of courses)
sngl., Lap, Butt)) . or full)}
8. Heads: (a)Material WRAPPERS: SA-516-70N (b) Material ENDS: SA-516-70N
(Spec. no., grade) (Spec. no., grade)
Location (Top, Minimum Corrosion Crown Knuckle Elliptical Conical Hemispherical Flat Side to Pressure
Bottom, Ends) Thickness Allowance Radius Radius Ratio Apex Angle Radius Diameter | (Convex or Concave)

a WRAPPERS 12 0625 - - - - - i FLAT

b ENDS 3/8" 0625 - - - - - i FLAT
TFremovable, bolts used (describe other fastenings)

(Material spec. number, grade, size, number)

9. MAWP 178 psi. N/A at max. temp 473 °F N/A
(Internal) (External) (Intemal) (External)
Min. design metal temp. -49 °F at 178 psi. Hydro., preu-orcomb- test pressure 232 psi.
Proof Test NONE
10. Nozzles, inspection, and safety valve openings:
Purpose Diameter Material Nozzle Thickness Reinforcement Attachment Details Location
(Inlet,Outlet,Drain) No. or size Type Nozzle Flange Nom. Corr. Material Nozzle Flange (Insp. Open.)
INLET/OUTLET 2 3"-150# | PIPE/RFWN bl SA350-LF2 S/160 0.0625 NONE UW-16(a) UW-16(a) HEADER
INSTRUMENT 4 1" CPLG SA350-LF2 - 6000# 0.0625 NONE UW-16(a) - HEADER
PLUGS 178 3/4"-16 UNF SA350-LF2 - - - - N - HEADER
11. Supports:  Skirt NO Lugs N/A Legs N/A Other STRUCTURE Attached BOLTED
(Yes or no) (Number) (Number) (Describe) (Where and How)

12. Remarks: Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been furnished for the following items of the
report:

(Name of part, item number, Manufaclurer's name and identifying stamp)
*2 HEADERS, ONE AT EACH END. ™WRAPPERS FLAT DIA. 21/2" X 3'95/8". ™ ENDS FLATDIA.21/2" X 41/4". ***SA333-GR6 (SMLS)
89 TUBES SA-179 5/8" 0.D. X.065 MW 6' 0" LG. RADIOGRAPH PER CUSTOMER SPECIFICATION'S.
IMPACTS EXEMPT PER UCS-66(a) CURVE D.  PRESSURE RELIEF DEVICE BY OTHERS.  CONSTRUCTED IN ACCORDANCE WITH APPENDIX 28.

CERTIFICATE OF SHOP / FIELD COMPLIANCE
We certify that the statements made in this report are correct and that all details of design, material, construction, and workmanship of this

vessel conform to the ASME BOILER AND PRESSURE VESSEL CODE, Section VIII, Division 1. "U"Certifieate of Authorization Number 34,950
expires 02/07/2014

Date 3 . o? / . &ﬂ /,? Co. name AXH air-coolers, LLC. Signed
(Manufacturer)
CERTIFICATE OF SHOP / FIELD INSPECTION
Vessel constructed by AXH air-coolers, LLC. at 401 E. LOWRY ROAD - CLAREMORE, OKLAHOMA 74017
1, the undersigned, holding a valid commission issued by the National Board of Boiler and Pressure Vessel Inspectors and/or the State or Province of
OKLAHOMA and employed by SENECA INSURANCE COMPANY OF TEXAS

have inspected the component described in this Manufacturer's Data Report on

(Representative)

anufacture eithe pector nor his/her employer shall be liable in any

manner for any personal injury or propel /mag or a loss of any kind. afisingfropror gbnnected with this inspection.
Dateo 5”7/~ Z Sngg'ﬁn\

pressure vessel described in this

— p NB12461A OK883
(Authorized lnspector) [National Board (incl. endorsements,) State, Province. and number]}
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VI S M 21006
| CERTIFIED BY AXH air-coolers, LLC
W - CLAREMORE, OKLAHOMA PROD GAS |

' |-|'|' MAX. ALLOWABLE WORKING PRESSURE 178 PsI @ 473 °F
: MIN. DESIGN METAL TEMP. -49 °F @ 178 Psi

SER. NO. 118454.1 CRN. V7153.213
YEAR 2()12 HYDRO. 232 PSIG SERVICE

AXH AIR COOLERS
QC CERTIFIED

E\/L) 3"7:‘}




FINAL IN PROCESS
INSPECTION CHECKLIST

. AXHM air-coolers

CUSTOMER: MURPHY OIL CORPORATION
JOB / MODEL NUMBER: 118454 / 42zF-R
UNIT:
PROD. LEAD a.C. CUST.
NOZZLE ARRANGEMENT AND FLANGE FACING .- x| LN [x] x| [] [
3-2/-12 | 3-21~/2 32112
RUST PREVENTION OF NOZZLE FACES G.C x| L] [ [ ] [ ]
3-2/-12
RUST PREVENTION OF SHAFTS Lec x| L] L L] | ]
F-12=12
DIMENSIONAL INSPECTION OF SUBCOLUMNS L] L L L]
|PIMENSIONAL INSPECTION OF BASE HOLES JEL- Y L]« ] [ L]
371212 3-2t-12
TORQUING OF FAN HUB & BLADES Bé x| & [x] L] []
b %/2~/L Sé /2-12 T :j -
CHECK FAN BLADE CLEARANCE AND PITCH G Iggﬁ p 78 e | x|ZE  [x L]
37{- 2 3-R2-12L13-42-l2 | 52
PARAFLEX CPLG, FAN BUSHING, AND BEARINGS SECURED B x| .dr x| ? (x| L L
342-)3 |3-({2-/2 7C
BEARINGS GREASED /{1 L] }/[& |_‘ ||
IA.
IDLER ALIGNMENT L] L | L] L] ||
ELECTRIC MOTOR ~L x| & Ix] & x| L] ]
3~ 12-17 | 3-2:2 32112
MANUAL AND/OR AIR MOTORS ~  [x] L | ? X L] ]
3-2//2 3222
SHUTTERS OPERATE CORRECTLY, PICTURES TAKEN .0 ix_ Co. x| # x| L] L
3 2//2 | 321 | 3z
SIDE FLAP INSTALLATION (FRONT HEADER END) L] L] L L] H
(BACK HEADER END)
FINAL FINISH AVG. MIL. L L] [ L | ]
CLEANING OF GALVANIZED PARTS AS REQ UIRED . ) I% L] ] [ ] L]
3-21-
HAIL GUARD, FAN GUARD, AND/OR BUGSCREENS T L [x] L L] [ [
: 3-2/-/2]
UNIT / MISC NAMEPLATE INSPECTION & ATTACHMENT L ] A x| @ x] L] [ ]
31212 | 3242 32112
TEST FIT OF LADDERS / PLATFORMS{PICTURES TAKEN G .C. [x L] & Ix] L] H
3 -2/ 3-21-/L
PARTS SHIPPING LOOSE L G ] 0 x] L] ||
g; <3 328/ %_ 5,,22-/2'_ - -
VIBRATION SWITCH isc  x w3 X
3-/2-/Z , "ar
ELECTRIC MOTOR VERIFICATION Bc x| oo x|w x| [ L]
' e A T
RUN TEST AND VIBRATION CHECK v 4 X .
é%i wAk 32)-12 E221
VERIFY WEIGHT 2 J.4 X L
AXH AIR COOL.ERS 3_ g 9~ /,;)__

Q.C. RELEASE FOR SHIPMENT: %4 17242 ;

COMMENTS: _3RD PARTY INSPECTION REQUIRED. SEE J.I. INSPECTION TEST PLAN MUST BE SIGNED OFF! WISco |
THIS COOLER HAS A WARM AIR RECIRC. SYSTEM. WHOR ;
‘ Initials:

Date: 3%
117
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AT v Material Test Réport ;
1024 Kittarning Plke - e :
Chicora PA 15025-2030
888-692-7337 > !
yremEmpsamascon Yom Caster, Technical Director
Sold Ye: Ship To: -
CMC Cometals Steal Qualily Menegemen! System cortifiod® fo _
6565 N MacArthur Bivd S = ':::m“
IRVING TX 75039-6283 UIS . ) Pmmmaqulmmnt Dhrective (PED)
GY2IEC 112, Annex |, Paragraph 4.3
Customer PO No, 66269 SO 67379 BOL No. DallveryNo. | Sales OrdarNo. - T
Customer Part No. 0000419228 | 0080538934 0000579721
Product Description N lnltvmateﬁndas'
ROUND:SBQ 2-1[4" 20R 1022M, 1022M/1518M A195. ASl .
Processing | N
| Normallze, RND - Stralghten 1/87In 5 ft t
: - Ny
L
" CHEMICAL ANALYSIS ‘ ?
" HeatNo, Ci) | Mn(%) | P (%) SR YSie) LCui) rCri) L NID6) | Mo (%) |V (%) |/ChiNb)(%) |- Al (%)
- + + "N
7346038 02/ 1157 o010 | 0005 | 02 | 002 | om | oo | oo | ooos | ooor 0030 ‘}; b
0 \
Batch No. TH%) | Bl%) | As(%) | Pbi%) | Sb(%) | Zr(%) |N2{ppm}|Oz (ppm)|Hz (ppm)| Difing CE{%) ‘\ &
3460381765 ‘ 044 o o
THERMAL PROCESSING N ’\\‘
Furnace Austenitizing | Austenitizing | Tempering | Temparing Normalizing Normalizing Quench Quench ‘L
No. Temp. {°F) Time {(min) Temp.(°F) | Time(min) Temp. (°F) Time {min) X Temp, (°F) N
1765 1740 12 t‘>\ ;X
- = LN
Notes: Certified a true copy of the e (’:4\3 N
original. retained in our file, ”f,,?.q' )1 N W
s ad N
|- Tensile Test Hardness Test sy b
Tast [™ Yiaid [ Tenslle |Elongation| Reduction| Visidata.6% | Yieldat Test Test Brinoll Tast Rockwoll Yest 3 2
) (ks ) Area | Elongntion | 002% | Onientst Locati {BHN) Location location Jn N
y, (%) |underLoad (ksl)| fist) ¢
-1 504 80,1 35 69 Longltudinal | Md Radius 149 Surface
2 156 Mid Radjus }Q
3 N
4
5 ) :\l(’g
¢ N
7 W
" &
JOMINY RESULTS (HRC) §
Distance {in) _ S
Test J iz 33 1) 35 I3 7 JE 78 710 A1 2 (\{\
1 313 L) JiE 316 18 J20 22 324 26 J28 [0 | Jsa
Page1of2 0630.2011
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Material Test Report
. CHARPY IMPACT TESTS * .
Test | Avemge® .spi‘;.m" Shenr E“""‘, n‘. Spedimes 2* Sh:u w‘”"‘w lma' .su'.g_i "m’m r:;. Sizs Lotation Orfntation
K Ty % e Tolog % [ fidby % T, T
1 483 | 505 | 27 | 0036 | 425 | 27 | 0033 | 550 | 33 | o033 | -S0 | Ful | MidRadius | Longhudinal
" :
3
4
5
6
7
8
*Absorbed energy values converted from sub-size results {ref. ASTM A370) when appilcable,
INCLUSION RATING
Method '
Test .
Thin(M Heavy (H) Thin (T Heavy (H} Thin (T} Heavy (M} Thin (T} Heavy (H)
1
2
2
BEND TESTS Certifi . e
_ ert a
[ Test | PinRedis (g | Orientation Tosit [ Frasadingis] —ed 2 rue copy of the
; original, retained in our file,
2
Ay 7tV
OTHER TESTS
Typa of Test Mathoxd
Grain Size ASTME112 Grain Size: 5
Ballistic Test 1 Req'd Velocity : Observed Velocity : Result:
Baflistic Test 2 Req'd Velochy : Observed Veloclty: Resuit:
Ultrasonic Test Crlterla: Result :
Decarburization
Matro Test ASTME3B1 SRC
Reduction Ratio o1
.. |Additional Comments -
LTI Are vn ] B 3TN e TR A et A
e H‘:Uuw LRI IV IR R T ¥ Wy W g
A - i ‘ ~ 1oy T ¢,
AXH i # 35770 CUSTOMER ___Matiseo
. i ) V]
, oo [ty (o0 1e) ;; 53039-9 .
ComuyofOrlgln:ummdsutes o 5 - s
a0 3 Y oo ¥ X 35" To 4ok twé

§6.30.20

T 72A

Vot TN
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MTRS PROVIDED BY LEE SUPPLY 8/16/2011 9:12
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ALLOYS, INC ) To: PRODUCTL[ON ME’G.
s LE 2 ND A350/A105 HR NORMALIZED 2-1/4" X 20'3" 20°2° P.0. i' 2596
Tei 123698 Ttem §: 1 7 D
' ‘ 6-29-11
Yuld L '
&)5“ ; : doge gﬁ‘ﬁ Fa ‘ mnmvwm.
wwﬂ Sratusts Shades - Faxs ag;mmm
Certifled Material Test Report
Cort#: 112044 885 Order ;. 1105644 Heat $: A112400 gt BAAONY 110720
Work Ordor: 113068 Salos Ordse s BG8E7-1 Customor : USMm ‘ PO#: B4
Load 8 4AS38% Fadarvanes @ § End Uue :
Siza: 244 Shapa: Rawrx Lang@: 20°00°
s . Diposition : 1

(%] B Cs W k1] o

——

_Mn - s
o187 102/ omo-’om-’ozt/m 0247 0.107 0457 003V 0012 0.0077 0.00240.0617/0.0000 0.0010 0000 0001 081
Pb Co _As Sn  Zr Bl _H__O Coq JFactor

0000 0007 0008 0.0GZ 0001 0.000 14 041/
& Ma _P_ B 8 A Gy MG Mo 8 NV ..Cb Y 8  C O
Front ' '
Back
. SN a2 S M 5 J8 T JB U8 N0 2 M8 MBS 8 S0 U a3 a2
Calc'd
Front
Back )
_kciaenfoces JASIMESD
Mathod A - L MetodC Sethod &
AT a4 BY BH CT COH DY OW 2 o SAMTET SAMTDY ~8 8 Tt Yot_
MagneticEaticelooection.
Auwstoritic _ Forritle 8 R”R © Froquancy Severtty
Tensls Proositica Handnesy
Tersho Strength  02%Yiokd Strength % Eilong (37} RROA  0.36% EUL Vield Birength (BRY | (Surh)
g ‘ ~ . :

Suat Dynemics ~ Eapbroorsd Bar Products hes & ausilty €radsdt it phaos wideh hag bean cartitied (SO 8801.2008 cornplent, bxdusing PEO ontiicasion.
CommentalGoucs

ASTM AST-500 G886 1V} e ASTRE A105 08 e ASIE BA105-04 —— Eloctic Arc Fumace Malted - Vacuum Tank Degessad -~ Blectic A Fumsce
Metind - Vactar T80k Degatsdd) v RADE MR-01-76 1 190 15156 —— Normisien - DIN EN 102042004 issos 3.1 — U1.S. Alops Spec USAMH ok
1204008 — ASTM ASS0-040 LFZ CIn3 4 ~me ASTH AGDS-004 Grudo C — ASTM ABTE-03 Grnde 70 —-— ASME BA350-04 LF-2 Class 1 — ASME
BAB0G-04 Gt C mome ASME SABTE04 Gt 70 wwam OIN 3. 1.8 vome Camoron MR-006 Rav, C1 me NAGE MRO100-2003

Condtion :  Nomuatra, Sugightan K

swmmmwaww uww»am.mum-nm
sad Sperations partoctwd On Mmum with sppiicabls matsrial
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8/16/2011 9:12

s

., R
T AI.DOY INC . To: PRODUCTION MFG.
F-2 m Assonms HR NORMALIZED, 2-1/4" X 20139, 20°2° P.O.#: 2596
123698 Item #: 1 B/N ¥ : .

 e———

6-27-/.
A% LF2 unmmmaﬁ
&)MMM‘ Pitshoro, 0040467 .
nphosind 5 Pradicts Biclon Aqu m%'&?ﬂm
Certified Material Test Report
Hoat‘l‘mﬁnonu\ddcndum :
Cats: 11204 Nl Ordas: 1105644 Heat¥: Af12400 _ lesued: 6MM201111:0720
Work Order: 111968 Saloo Order; 85997-1 Guotomes:  US Aloys PO#: 104709
Load#: 135388 Reforence 8¢ Reference Deec ¢ End Use: .
Sho: 214" Shaps: Round Grade: A3S0AF2 Chom Length: 20'00°
Normaitee Austenitize Quenchiledla __ Temmpor Strase Rselleve
‘mmmm‘gm gmom'nmrm
IShrs 1670 F /e *F  Waise mh *F °F F
* ﬁmmmwumumammmmm
|| QTS 19 12" protongation trom langRudinl clentation smachinad to 8 0,805 butiorthead for tansia,

i . impact Enaqy (A-bs) u&umu(nm) %Shear
m._o_wzm. '-ﬂ"' _m 1 2 3 M 8 1 s __ M 3 2 3 Mg
W0 longhudnel MidReds Qt S0~ S5~ dB- B3~ 09~ 0 42 75 49 20 0 00 47
Hardouss (ASTM ATTY ' '
Sample D Location ke
06700 MdReds Q1 “w~
Incelle (ASTMAND -

SevpleD Ororistion ___Llocaon Tonsin/ 02% XROA

96700 longhudnal Md-Radss Q1 - 74500 7 4340000 207 @0 ©
TEST REPORT FURNISHED ,
BY U. S. ALLOYS, INC. g
i, LR CODE. Acios
dﬁ -1 osv.

'PRODUCTIONMFG,  TULSA, OKLA

.cusrom; _Lesfopply
PO. #____:_ZZQZKL

wmummummnmmmmmmm

ARy sheration to this repan voids Steel Dynamic's wiirenting of resuRts. . . )
Page3ola MMMM1M Retteved on: 0BM10NT 1107318
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& N PENNSYLVANIA MACHINE WORKS, INC. Eg ?&251‘:0.3355?2‘
XAS PMW, INC, 201 BETHEL AVENUE ASTON, PA 48014 . -
315 NORTH WAYSIDE DRIVE HOUSTON, TX 77020 (810) 497-3300 - FAX (610) 497-3%25 z:::)fi\gfu"“ '_‘g:g m 35?50”- NJ 03085

{713) 878-7900 — FAX (713) 879-7920

CERTIFIED MATERIAL TEST REPORT

f
i

MATTSCO SUPPLY COMPANY P.O. 544259

P.O. BOX 2925 ORDER # 03 206788

TULSA, OK 74101 3/06/12

36-1 1/4x3/4 6M TOL LF2 QTY: 4
HEAT CODE, GUls-A P MATERIAL: LF2

SPECIFICA SPEC. YEAR: 02 SPEC. REV: A

HEAT TREATMENT QUENCHED & TEMPERED

UNS VEER KO/ll / / rS1s / /

[h CR / MO CcuU / v CB

.2oo 1.040 .011 .o .230 .oao .070 .026 .170 .003 .002
AL CB SN

.028 .002 .009

PHYSICAL ANALYSIS

YS / $EL 4D /kRA " HARDNESS CHARPY1 CHARPY2 CHARPY3 CHARPY
(PST) (psx) (HB) FT/LBS FT/LBS FT/LBS AVG
51500 77500 34.00 79.00 152 236.000 221.000 238.000 231.666
TESTED@ QUENCHED TEMP C.E=

TEMP (F) (F) (F)

-50 1625 1200 .41

SPECIFICATION CERTIFICATE I/A/W EN10204 TYPE 3.1
LASS 1 TERIAL MEETS' NACE-MRO175 (2003 EDITION)AND NACE-MRO-2003

C
MRO 0
CHARPY IMPACT SPECIMEN SIZE 0 BY 10 é‘MMlI AND IMPACT TEST_ TEMPERATURE_STATEDIN NEGATIVE DEGREES F.
DURING THE MANUFACTURE AND PROCESSING OF THIS PRODUCT, IT DID NOT COME IN DIRECT CONTACT WITH MERCURY
I(?IIO %%TED OlleIﬁ COMPOUNDS NOR WL lE-:I ANYTI\}%RICJU:%YACONTAINIIIG DEVICE THAT EMPLOYED A SINGLE BOUNDARY OF CONTAINMENT.

MATERIAL IlclAéW ASME- SEC II SA
THE AR S A350-LF2
MATE RIAY. MEETS NA 03-2

[ifas

: 2 mil@#._ ;
6 r’ &
[« .

AXH AIR COOLERS
QC CERTIFIED

WE HEREBY CERTIFY THAT THE REPORTED FIGURES ARE CORRECT AS CONTAINED IN THE
RECORDS OF THE CORPORATION. ‘

}Wa@ Gunk o A
MANUFACTURERS OF Peﬂl'l FORGED | PIPE FITTINGS

JAMES B. FRIANT
QUALITY MANAGER QUALITY « SERVICE o PARTNERSHIP

penntisa.com

07292
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02/17/2012 From:MATTSCO SUPPLY COMPANY To: AXH AIR COOLERS

-

NATIONAL FLANGE & FITTING CO.

4420 CREEKMONT ST.

P. 0. BOX 924149

HOUSTON, TEXAS 77292 - 4149
(713)688 - 2515

FAX (713) 688 - 0205

MATTSCO SUPPLY CO
SOLD| 5740 E. ADMIRAL PLACE
TO| TULSA, OK 74115

MILL TEST REPORT

INVOICE
-------------- NUMBER DATE

CUSTOMER’S ORDER NO: 867-S-12 02119500 10/19/11
ITEM QTY DESCRIPTION MATERIAL H CODE
1 25 _gu 0 -

2 20 G@EW-05
3 25 IT 1508 RF 6/160 ~0%
4 10 6" 150# WN RE S/160 SA-350-LF2 N LEA-11
5 20 3" 300# WN RF XXH SA-350-LF2 N LZK-05
6 40 4" 300# WN RF S/160 SA-350-LF2 N LHK-11
7 5 3" 600# WN RF S/160 SA-350-LF2 N LZK-05
8 10 3" 900# WN RF S/160 SA-350-LF2 N&T  LTE-05
9 5 4" 900# WN RF S/160 SA-350-LF2 N LEH-10
ITM H CODE CAR MAN PHOS SUL NIC CHR MOL SIL  CU VA NB

1 LOP-09 .2029//931// 024 .021 .034 .043 .008 };217 .061 .002 .001
02 0

TEN 29,477 YL 1 EL OF RED: f6.82 C/Ne-505726/25729  BHN: 146/149
2 .19571.090 /012/]( .100 "~ .010

.2207 .170 .021 .002

TEN: ,012 LD: 54, 532 L: 30.00 RED 59.00 CVN@-50F 45/42/43 BHN: 159/162
3 LJY-06 .180 1.120 .026 .014 .010 .020 .006 .220 .010 .005 .001
TEN: 73,531 YLD: 49,746 EL: 36.00 RED: 70.32 CVN@-50F 57/60/42 BHN : 150/153
4 LEA-11 .225 1.170 .030 .018 .040 .140 .015 .260 .033 .016 .005
TEN: 81,194 YLD: 52,196 EL: 28.00 RED: 57.48 CVN@-50F 22/20/22 BHN: 163,159
5 LZK-05 .250 1.200 .013 .012 .070 .050 .020 .260 .160 .000 .000
TEN: 80,348 YLD: 54,677 EL: 31.71 RED: 69.68 CVN@-50F 24/25/30 BHN: 149/159
6 LHK-11 .170 1.120 .010 .011 .007 .060 .020 .220 .220 .000 .002

TEN: 72,500 YLD: 56,550 EL: 35.80 RED: 64.95 CVN@-50F 44/47/50 BHN: 146/152
7 LZK-05 .250 1.200 .013 .012 .070 .050 .020 .260 .160 .000 .000

TEN: 80,348 YLD: 54,677 EL: 31.71 RED: 69.68 CVN@-50F 24/25/30 BHN: 149/159

8 LTE-05 .260 1.240 .013 .012 .070 .050 .020 .260 .160 .000 .000
TEN: 78,607 YLD: 54,387 EL: 31.42 RED: 68.65 CVN@-50F 28/54/47 BHN: 149/167
9 LEH-10 .208 .820 .016 .01l0 .035 .080 .011 .160 .010 .001 .001
TEN: 79,477 YLD: 49,021 EL: 32.00 RED: 66.82 CVNe@-50F 20/22/23 BHN: 146/149

COMMENT: ITEM 1: NORMALIZED @ 1724F FOR 1 HR/INCH/THICKNESS, AIR COOL. ITEMS 2&3:
NORMALIZED @ 1650F FOR 1 HR/INCH/THICKNESS, AIR COOL. ITEM 4: NORMALIZED @ 1650F FOR
4 HRS, AIR COOL. ITEMS 5&7: NORMALIZED @ 1650F FOR 2 HRS, AIR COOL. ITEM 6:

NORMALIZED @ 1670F FOR 1 MIN/MILLIMETER/THICKNESS, AIR COOL. ITEM 8: NORMALIZED @ ’ib
1670F FOR 2.3 HRS, AIR COOL. TEMPERED @ 1220F FOR 4 HRS, AIR COOL. ITEM 9: NORMALIZED 2“9’
@ 1670F FOR 1 HR/INCH/THICKNESS, AIR COOL. ’

THIS IS TO CERTIFY THAT THE MATERIAL FURNISHED ON THIS ORDER COMPLIES IN ALL

RESPECT WITH THE SPECIFICATIONS INDICATED IN DESCRIPTION. WE FURTHER CERTIFY
THIS PRODUCT WAS MANUFACTURED IN THE UNITED STATES. =

NATIONAL FLANGE & FITTING COMPANY
A~

. AXM AIR COOLERS
BY : QC CERTIFIED

R#¥28197



air-coolers

MATERIAL TRACEABILITY RECORD

joBNo. |I§45Y

P[PESIQ( PLATES(J] TUBES(] BY 9/& / DATE 2:27“/ { cusTomER

MTL. P.O. NO.
SECTION NO.

MATERIAL DESCRIPTION

HEAT OR CERTIFICATION NO.

PRODUCED GAS

1.3 ceH MO, S4-335-

G 4 EMLS) e (940513

NEEANEENERRNEEE

3.

NOTE: ALL MATERIAL OF SAME DESCRIPTION IN A SECTION MUST BE OF SAME HEAT NO.

AXH air-coolers

e 401 E Lowery Road -+ Claremore, OK 74017 - (918) 283-9200

Z’Z"f% 2

AXH AIR COOLER®
QC CERTIFIED
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voestalpine Tubulars GmbH & Go KG :
Apinssirasse 17

ém.mm..m
WBMMWM
cmmﬂau!du&lmtmm
nramuoﬂrw.Ammm
Ganesal Pattner; Tubtlars GmbH
] "I:g'ﬂmt&n. c%mmm«aamr 3
“Abnahmeprilfzeugnis 3.1 / Nr.No. 258984 ;
(gem. EN 10204) .
Inspection - Certificate 3.1 .
(acconding to EN 10204) i
: S o FsvAT3lIosRb N
" Bestaller 3gigﬁwgwwmcnosammmn ' Be;:toll-Nr.s VATC PO# 800514
e INDUSTRIALPIPING SPEC, TULSAOKT4ths1zlg -« Youredarne } U HR0zS040 -
Mansfae:  VOSStalpine Tubulars GmbH &CoKe | orem:
Cheaciess SEAMLESSSTEELTUBES - ol - .
Antordefigon: = ASTMIASME A/ 3 306 Gr, 446 Ersohmetzungssrt:
ulreme: AGNIE SEETTPONA = T 0T L AT 43 2000 Matiing procagg: Y
‘::am NACE MR 0175/1S0 151862004 A0 . . ‘ ’
. Zelchen des Lislerwarkes:
iy emusa:smsc:omuomna . Marking ofproduces V8 o

") Grada C/Grade 1 without marking on tubes

L3RR

. Kennzelchnung: PAINT STENCILLING; va A/SA 108 Grade B ABAS33GRADEG 3,500° 0,438° .
Marking: SCHED160 2800PSI HOT FINISHED SEAMLESS LT -S0°F longth ft. HeatNo, PO#HRO23040 t‘
MADE IN AUSTRIA .
N
£88

CouTAIUIE  BOTHENDS BEVELLED ACC, TO APUASTM (30" "‘&'ccz““'”
hot fnshed (345-846°C) follswed by controlsd cociing 3.1 =
Wannebsh e A &
_ Heat treatmant: In elf from 845°C to room tempemture - et
Umfang der Uefarung / Volume of delivary: . ’ . . -
PoaNr: Stackeaht . Abmossung Bchmatza Nr. Prods-Nr.:
RemNo: | Number Of ko ] ' Démansion HeatNa, TeabNo,
Pasta n* Numbro . - Dimanakn N Coylds N* & dprouvatle L
4 48 1289500 | 1946,005 -3,600 0 x 0,438 In/ 14,53 884 aflackmant ses attechmant '

Kindbirg, 21.01.2010
" Pagatof 4

voestalpine

ONE STEP"AHEAD.



voestalpine Tubulars GmbH & Co KG

Volume of dellv}ery

Verew ) SVAUBLIVTL | EOVALOILOUGWKD | LN: 5 ]
+ e - ¢

Bundle No. Heat - - Lot
1-4

09405913 132318 - 01

132118 AD 01

C . 09405913 %

Test Resuits

1 vVisuelle Inspektion/ Visual Inspaction; 0.B./satisfactory

2 Dimensionakontrollae/ Dimensional Inspection: ©.B./satisfactory
3 Wasserimena:uokvarsuch/aydxostauc ‘test: 2500 PSY

©.B. /satisfagtory

4 n:l.ngfg:u:verauch/ﬂattening test;:a.B, /satisfactory

§ Streuflusspruef
ASTM B S70 :0.8./satisfactory .

No58 984

‘Kndberg, 21.01,.2010

Page 2 of 4

ung gem. ASTHM B S70 / Plux leakage testing acc.

ife ombH & Co KG
Qualituatatn /Ruply Dapartmant
GFREY
Dar

voestalpine

ONE STEP AHEAD.

[ KAR ]

| S

=
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[ 4

voestalpine Tubulars GmbH & Co KG

Machanical testing
Lot No Spacimen Yleld Strength  Tensile Strength Elongation %
. mm Rp020 PSI  PS! Lo= 2*
from: ' Gr.B/Gr.8 35600 60200 30,00
Gr.C 40000 70000
Gr1 30000 55000
to: , . .
132118 — 01 N | stripflongitadinal 19,12 10,74 53081 74981 35,00 //
122118 ~ 01 N 2 siripflongitudinal 19,00 1134 51776 73386 36,80 5
Co12us - 0t N 3 stripflongitudinal 19,00 1093 52646 74111 39,00 -
Hardnoss testing HRB (max. 22 HRC 4 88 HRB) ]
LotNo- T Hardness - Meanhaningss  Verlation
’ « number number <L
from : )
< oy
132118 - 0l N 1 7750 7720 17

Impact test resulis charpy-v -45°C specimen 88x10x10 mm longitudinal
Lot No , ‘ Single Velue

| SR

132118 = 01 N 1 140 112 93 11

T

Ne58 984

" Kindbarg, 21.01.2010

Page 3 of4

ONE STEP AHEAD.




voestalpine Tubulais GmbH & Co KG
Chemical test resuits

Heatanalysis Weight %
Heat :
/ .

c /st /v 7p 7587 o Ni Mo V Cu T Al Sn__Nb B CE
C 0040591301726 0.2572 0.5461 00148 00043 0.0400 0.0270 D.0028 0.0014

0.0123 00021 00272 00015 0.0342 0.0003 0.34 %

Product analysis Welght %

c S Ma P s N Mo Vv Cu T A
132118 ~ 01 N 1 01820 02430 09180 0.0150 0.0057 0.0350 0.0160 0.0117 0.0043 0.0090
132118 - 01 N 2 04760 02350 0.9100 0.0160 0.0050 0.0340° 0.0160 0.0117 0,

Sn__. N B .
0017 0.0272 0.0012 0.0333 0,0000
0048 _0.0050 ,0016 0.0269 0.0010 0.0322 0.0000

Ne5898gy
voestalping Tubularg &CoKB
Kindbers, 21.01.2010 ' ) _ I!'
Pagedord ' Warkst
voestalpine
ONE STEP AHEAD.
¢ i . . i ! T Tanr l;‘:i T T T ;. T
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sonsile Taat - Enaaio de Tryfha Charpy Fest - Easaio do Charny

ros ey

B
-

¢ - Enzess ds Tracis
Cpraron it e Gnidode e Tensic - Mba
i3

Ciaonedn, Repds. OP o«

sppeLEl (0T

Chomical Composition (3 Walah // ca (% Pozoy
Analvsis ¥ / ss
Ca¥rid : s oany

Analise
X

i - S

MT - Total NHot Weiahnt ~ Peso Licuide Yotal = 35.582 MT - Packages - Valises = & - Plecas - Pocas « 6

Customor-Cliente: THIRO COAST INTERNATIONAL TRADING {
USINAS SIDERURGICAS DE MINAS GERAIS S.A. INSPECTION CERTIFICATE/PACKING US Lat Oato of bsaue
e O R ONTE S MO - nwi - CUBATAQSPAIRAS! " CERTIFICADO DE INSPEGAC . : Oata do Eminas
INAS R. PROF. JOSE VICIRA DE MERDONGA, 30! ct> 2 STEEL PLATE Tolerances - Tolerdncias 926636
UsiM ga“::’a go 354.730/006)-08 TRA - CP 506 - 3 Thickness-Espessura 0.25141.78 om 2410522011
HSCRIGAO ESTADUAL: 0283421985115 CHAPA GROSSA DO LCG width-Largura -§.00/+25.00mm Sata Order Ceniticate Ne
| -6.00/+47 00rmm Ordom de Venda N® Cortifh
As fendunal P 10 Cherts anc Wt tpprocta dre A &y % oonts progenty o far ot vaﬂwumz’(;;wwm;mm«wmwwm m.wwwm:;mnmwummw.m N em
Norediy B eprcidiont ficxs Rmoemt gy mbcs wﬂ;«vww( 2w ysaed By ont trw I 4L
9?; f:::’zﬂm -mm the e f::’»*“‘”’ﬁ“’ “w"tfj’ oo mﬁ:} i;: T e . -::xumm &’w .:' Y s o 2 evtwto mnwéa mmsw e peia ua-wwu rwa £ Gt (e st ol chmrs, $hoe! el 00213897 03 706648
Qu a{ity Quaiidade
ASTM-A516-10-70-MT. ASME-SA516-10-70-MT
ish S 37 “.c‘; pas Packagey Har Neioht Croms Neiaht Heat Samnl
;:::;x ;;:vg;xma ::::.t:iu ﬁ::s;: :: T ’)\;:;?;‘ Pecas vor Voluma Feso Liculds Pesg Srute t:ogflzda Anos z;a

AN AR COOLERS

% /5 QU CERIIFIED
fiemarks - Observagoes
MSOS Mmetval Safety Dats Sheet N* 03 available ot Usiminas Extranet
FOS - Ficha de Dados de Seguranga do Produto ntimmero 03, m.«,pm:vei no Extranet da Usiminas

__,/ Paub Loysh d¢ Seara
wwm_r?wa:cu 'DE CARAMNTIA DA GUALIGADE
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SAB

12400 Highway 43 North, Axis, Alabama 36505

Test Certificate

Form "I'C1: Revision 1: Date 31 Qct 2000

REQUIREMENTS OF, THE APPROPRIATE SPECIFICATION

Customer: Customer P,Q. No.: DTL-510960 l Mill Order No.: 41-272997-02 Shipping Manifest : AR096925
DELTA STEEL L.P. Product Description: ASME 16-65/SA516-60(09A)
5599 SAN FELIPE-STE 600 . Ship Date: 25 Jul10 |Cert No: 081233782
P.0 BOX 2289 ASTM AS516-70/A516-65/A516-60(06) Cort Date: 25Jul10 | (Page 1of 1
HOUSTON LCVN 15/12 FT.LBS @ -60F/A673-P : age 1lof 1)
TX 77252 - NORMALIZED
Sizgr’0.500 ® 96.00 X 480.0 (IN)
Tested Pieces N~} Tensiles Charpy Impact Tests
Heat Piece Piece Tst| YS | UTS [%RA|[Elong % |Ist | Average | Abs. Energy(FTLB) % Shear Tst BDWTT
Id Id Dimensions Log (PSD) |(PSD 2in 8in|Dir| Hardness {1 2 3 Avg |1 2 3 Avg |Tmp Tmp %Shr
EQF031 A7 0.501 X 96.00 (DISCRDILI49000 71000 T B0 134 103 105.7 -GOF
eat Chemlm/ Ana!)sxs
T d C / Mo /P s St/ TotAl SolAl Cu Ni Cr Ti CEV ORGN
- |Eor031 ) .18 .95 | .010] .002] .24 1.026].025].21 |.11 | 08 losJ 00? L. 005 l.021 1.38 | UsA
——-/ :
MERCURY IS NOT A METALLURGICAL COMPONENT OF THE STEEL AND NO MERCURY WAS INTENTIONALLY ADDED
DURING THE MANUFACTURE OF THIS PRODUCT
CEV (ITW) = C + MN/6 + (CR+MO+V)/5 + (NI+CU)/15 ‘
100% MELTED AND MANUFACTURED IN THE USA. MTR DIN EN10204 TYPE 3.1 COMPLIANT.
NORMALIZED PLATES. HEATED AT 1650F FOR 23 MINUTES.
EOF031 A27 6180036 PCES: 1, WGT: 6618 EQF031 A27 6180031 PCES: 1, WGT: 6618
EQOF031 A27 6180030 PCES: 1, WGT: 6618
25
ANXH MR CODLERS
QU CERTIFIED
@ D . WE HEREBY CERTIFY THAT THIS MATERIAL WAS
’ Cust Part #: TESTED IN ACCORDANCE WITH, AND MEETS THE Jason Thomas

SENIOR METALLURGIST




27274

SSAB

28 5/
E15176

12400 Highway 43 North, Axis, Alubzme 36505

Test Certificate

Form TC1: Revision 1: Date 31 Oct 20600

%oggén‘lcn co Customer P.O. No.: 33430 } Mill Order No.: 41-295826-01 l Shipping Manifest : AR113857
CE ICE COMPANY Product Descripfion: ASTM A516-70(06)/ASME SA516-70(09A)
c MORE Cert Date: 23 Mar il | (Page lof 1)
0K 74019 — NORMALIZED
size: @.375)X 96.00 X 480.0 (IN)
Tested Pieces " Tensiles Charpy Impact Tests
Heat Picce Piece Tsti YS #TS Wfﬁlong st | Average Abs. Energy(FTLB) % Shear Tst | Tst|Tst BDWTT
1d Id Dimensions Log (PSD ST 2in Ain [Dir | Hardness 2 3 Avg i1 2 3 Avg Tmp| Dir L_Sif) Tmp %Shr
.
Ei1B176 ) D37 0.376 X 96, OOIDNCRT) 340(}0 75000 37 T 02 124 126 115.0 LOOFL L 17,5
S——
Heat / / / Ams! //
P— Mn / /;: TotAl _SolAl _Co Cr \{o rr»:v ORGN
((Lsmm )) | 19! 1.12] 011! (}nsl 19 1.027].0251.25 1. 14 i 10 l(m 1001 (006 1.016 1.43 usA
S
MERCURY IS BOT A METALLURGICAL COMPONENT OF THE STETL AND NO MERCURY WAS INTENTIONALLY ADDED
DURING THE MANUFACTURE OF THIS PRCDUCT
KILLED STEEL, PRODUCED TO A FINE GRARIN PRACTICE
CEV (IIW) = C +# MN/6 + (CR#MO+V) /3 + (RIFCU)/13
¥TR DIN EN10204:2004 TYPE 3.1 CCMPLIANT
100% MELTED AND MANUFACTURED IN THE USA.
CHARPY FULL SIZE CQUIVALSNT = ABSORBED ENERGY AVG X 10 / TEST SIZE IN MM
NORMALIZED PLATES, HEATED AT 1650F FOR 19 MINUTES.
PRCDUCTS SHIPPED:
218176 D37 6220664 PCES: i, WET: 4569 £818B176 D37 £2206862 PCES: i, WGT: 4938
E1B176 D37 6220662 PCES: 1, WCT: 4956 E1B176 D37 6220660 PCES: 1, WGT: £959
) . WE HEREBY CERTIFY THAT THIS MATERIAL W
‘ Cust Part #: TESTED [ ACCORDANCE WITH. AND MEeKs THE Jason Thomas
REQUIREMENTS QF, THE APPROPRIATE SPECIFICATION STRIOR METALLURGEST A

I 31079

i

ANH MR COOLERS
QCCLUINIFD



SO# 388493 SO LINE# 1
Customer PO # 36575 Pc.Count 1
Tag # Job #

ACL

HOBcrMrwe A § AANUTACIE § wOThE § (s Draduriacs

ThyssenKrupp Nirosta

A Ger v g IRegung FTpe F W apeeian

ABNAHMEPRUEFZEUGNIS
INSRECTION CERTIFICALHE
CERTIFICAT DE RECEPTION
nacht J sccoiging o £ suivaot

ITipass ;tm:nu ruove
Hundas

1 000300459 71

Bacra  frage d Paget

29832081

EN 10204-3.1

2204 9

o 18, 47007 folg

i, y ™ ’ s

THYSSENKRUSP NIROITA  BANNOCKAURN,

Y Plade. T- 3ot/L.
HT# 522170

FY-

Keodanb 0 e es il £ Mum b da B commends th cfend
510032715 - PO LILTIY

W sg Wt { MenLlesMers norky podw e I N Giata

e Finions
g00408592 / 004

Lbatarnatingn 1. § Diskary Now (8. £ Aue ' aphditon 7,
873163104 / 040

Rivoupain § Prodoett § Produs
BLRCH/SHERT/TOLE

 CRIG TSR AgunGon 7 Yamns OF Oalwary § Condbent 46 b san
ASTM A 240/A 240M

ASME SA 24(VSA 240M Son. i Fad A £4.2010
SAEAMS 6511 4

Bharisiyite vl mhgmlTﬁu Gw0e RAA Quel Kiy § NuBACE Y Taeds

YYPE 304 L1304

ASTHM A 668.03
SAE AMS $513 J
AST A 4B0/A 430N
ASME SA 4R0ISA 4BOM Seocll Pan A B4 2010
ace. ta PED 07/23EC
NACE STANDARD MRO17S (ONLY ANALYSIS)
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SO# 388493 SO LINE# 1

Customer PO # 36575 Pc.Count1

Taq # Job #
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INSPECTION CERTIFICATR 1000300469 / 1
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ThyssenKrupp Nirosta EN 10204-3.1
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NO WELD REPAIR
Frol von Queckalibar / froe of mercury
ASTM A 262 PRACTICE € LO.
No Nl of Cuban Osigin.RoHS - Compliant
“DFARS compiant®
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MATERIAL TRACEABILITY RECORD

air-coolers JOBNO. /BYHsY

PIPESTI PLATES O TUBES B BY B/f/m pate /6fiz customer
H LAY 4

R — —=4 = ,,., ............................. — ———
SECTION NO. ; MATERIAL DESCRIPTION HEAT OR CERTIFICATION NO.

Propucep Gas secr || Spx . oes X &' Lg 202.57Y

|
Po# Jo0l42 2 SA-177
87 rvsss 3

152 t o] —

T A

—

2

-
J.

i

NOTED ALL MATERIAL OF SAME DESCRIPTION IN A SECTION MUST BE OF SAME HEAT NO.

AXH air-cooiers « 401 E Lowery Road - Claremore, OK Za2077 - (Pi18) 283-S200




Benteler Steel/Tube GmbH ' ' ' BE"TELEH V

‘33043 Paderborn .
Deutschland . Ste e I ’TU b e
Tel.: +49.5254.81-0 Fax: +49.56254.13666 :
ABNAHMEPRUFZEUGNIS EN 10204- 3.1 Dokument-Nr.: 41-628522/001/P Praf-Nr.: : Blat: 1/ 4
INSPECTION CERTIFICATE EN 10204-3.1 Document No.: Inspection No.: Page:
CERTIFICAT DE RECEPTION EN 10204-3.1 . No. du document: NO. du certificat:  ~ Page:
EN 10204:2005-01 Kunden-Bestell-Nr.: BST 10-9955 / Tubes Inc. T-43144-20  Hersteller: ~ Warmrohrwerk/Zigherei
Bemeler Steel/Tube GmbH - Postiach 1340 - 33043 Padarbom - Dautschland Purchase Order No.: Manufacturer: 1SO/TS 16949 (IS0 9001) TUV CERT 44111090381-002
Tubes | : . No. de commande du client: Producteur: PED 97/23/EC TOV CERT 07-202-6635 WZ-0606/0H
upes Inc.
900 E. Pecan t~ Benteler Auftrags-Nr.: 1560219 Herstellerzeichen: : V
SAND SPRINGS OK 74063 — Benteler Order No.: Manufacturer's brand:
USA ax No. de commande Benteler: Marque du productsur:
AXHAIR COOLERS Versandanzeigen-Nr.: 4150819 Stempel des Abnahmebeaufiragten: WA
QC CERTIFIED Dispatch Note No.: Stamp of the inspection representative:
R W S- 1O - [ ( No. d'avis d'expédition: Poingon du contréleur:
Produkt: NAHTLOSE STAHLROHRE Stahlerschmelzungsverfahren: ELEKTROSTAHL
Product: SEAMLESS STEEL TUBES Steslmaking process: ELECTRIC FURNACE
Produit: TUBES I?/CIER SANS SOUDURE Procédé d*élaboration de |'acier: FOUR ELECTRIQUE
Lieferbedingungen: ASTM-A 179-1990a, ASME SA-179, ASME Section Il Part A Edition 2010
Terms of delivery:
Conditions de livraison:
Mafe - Toleranzen: ASME SA-450-CFS,-ASME Section Il Part A Edition 2010, ASTM-A 450-2007-CD
Dimensions-tolerances: . ]‘QBES, INC.
Dimensions-tolérances: / 1-858-537-8350
Stahlsorte: A 179, SA 179 THESEWICLTEST KETUKIS APPLY T0;
Steel grade: Your po. Mo, _ 30 (¥
Nuance d' acier: / OB NI AR o (2 —
Lieferzustand: Normalized i
Delivery condition:
Etat de livraison:
Produktkennzeichnung: FSD: BENTELER A179-SA179 HEAT-NO. DIMENSIONS MADE IN GERMANY WEEK/YEAR WA A 179/SA 179
Product marking: BST 10-9955 / Tubes Inc. T-43144-20
Marquage du produit: )
AEZ = Aunnmnbsschnﬂung, Etching ink matking, Gravure 3 I'encre |FK = Farbk } g, colour marki quage par couleur |FS = Farbschablonlerung, paint stenciliing, quage par pals FSD = F hidi Colour jet printer, Imprimants 8 jat d* encre de ¢
|LX = Lasark 9. Lasar marki quage laser |PKE = Etik k ich tag marking, quage sur étig; |PS = F 89 I, die stamp, marquage par poi | TS = Tinté hik ichnung, Ink jet spray marking, imprimante 3 jetd ' encre
Pos. Stiick MafBe Lange Gewicht Schmelzen-Nr.  Priifdruck Rohr-Nr.-Gruppe Vielfachidngen
tem  Number Dimensions Length Weight Heat No. Test pressure Tube number group Mutltiple lengths
Poste Nombre Dimensions Longueur Poids No. de coulée Pression d'épreuve Série de no. des tubes Longueurs multiples
feet feet Ibs
0001 1675  0.625" 0.D. * 0.065" MW 48 FT 1 " 80539,57 33202 C 202574 Y )

0002 1918 0.750" O.D. * 0.065" MW 36 FT 1 © 69207, 91 35095 202922V



Benteler Steel/Tube GmbH
Postfach 13 40
33043 Paderborn

BEMNTELERVY

Deutschland Steel/Tube
Tel.: +49.5254.81-0 Fax: +49,5254.13666 )
ABNAHMEPRUFZEUGNIS EN 10204-3.1 Dokument-Nr.: 41-628522/001/P Priif-Nr.: Blatt: 2/
INSPECTION CERTIFICATE EN 10204-3.1 Document No.: inspection No.: Page:
CERTIFICAT DE RECEPTION EN 10204-3.1 No. du document: No. du certificat: Page:
Schmelzenanalyse [%) / Heat analysis [%] / Analyse sur coulée (%]

Pos. Schmelzen-Nr.

tem  HeatNo. Cc Sl VN P S

Poste  No. de coulée . ,

0001 202574 0,100 0,158 0,47 , 0,008 10,0037

0002 202922 0,100 0,195 0,47 0,012 - 0,004 7
Priifergebnisse / Test results / Résultats des essais . '

Die Rohre sind auf Dichtheit gepruft durch: Hydrostatic test: eddy current testing instead of hydrostatic test . PASSED

The tubes have been submitted to a leak tightness test by:
Les tubes ont passé un contrdle d' étanchéité par:

Die Rohre wurden zerstorungsfrei gepriift: ET-test: acc. to ASME SA-450, ASTM-A 450; acc. to ASTM-E 309; for imperfections PASSED
The tubes are non destructive tested: :

Les tubes ont passé un essai non destructif: .

Augensichtkontrolle: PASSED Aufweitversuch: PASSED MaBkontrolle: PASSED
Visual inspection: Drift expanding/fiare test: Dimensions examination:

Examen visuel: Essai d' évasement: Vérification des dimensions:

Ringfaltversuch: PASSED :

Flattening test:

Essai d'aplatissement:

Ergebnisse der mechanischen Priifung / Results of mechanical testing / Résultats des essais mécaniques

Die Probennahme erfolgte an Vielfachléngen.
The sampling was carried out on multiple lengths.
L' echantillonage etait realise aux longueurs multiples.



BENTELERY |

Benteler Steel/Tube GmbH

Postfach 13 40

33043 Paderb

Deutschland o Steel/Tub e

Tel.: +49.5254.81-0 Fax: +49.5254.13666

ABNAHMEPRUFZEUGNIS EN 10204-3.1 Dokument-Nr.: 41-628522/001/P Priif-Nr.: Blat: 3/ 4
INSPECTION CERTIFICATE EN 10204-3.1 - Document No.: Inspection No.: Page:
CERTIFICAT DE RECEPTION EN 10204-3.1 No. du document: No. du certificat: Page:

Hartepriifung / Hardness test / Essai de dureté

Pos. Proben-Nr. Schmelzen-Nr. Harte

tem - Specimen No. Heat No. Hardness

Poste No. de I'éprouv.  No. de coulée Dureté

Anforderungen HRC HB HV HRB HBW
Requirements

Exigences MAX 72
0001 000001 202574 067 ~
0001 000002 202574 067 -~
0001 000003 202574 067 ~
0001 000004 202574 067 7
0001 000005 202574 067 -
0001 000006 202574 067 7
0001 000007 202574 067 . ~
0001 000008 202574 067 ~
0001 000009 202574 067 o~
0001 000010 202574 067 ¢
0001 000011 202574 067
0001 000012 202574 067 7~
0001 000013 202574 067
0001 000014 202574 067 7~
0002 000001 202922 067 /
0002 000002 202922 066 /~
0002 000003 202922 067 /.
0002 000004 202922 066 7
0002 000005 202922 067 7
0002 000006 202922 066 /
0002 000007 202922 068 7~
0002 000008 202922 067 //
0002 000009 202922 067 /




BENTELERV

Benteler Steel/Tube GmbH
Postfach 13 40
Deutschiand Steel/Tube
Tel.: +49.5254.81-0 Fax: +49.5254.13666
ABNAHMEPRUFZEUGNIS EN 10204-3.1 Dokument-Nr.: 41-628522/001/P Prof-Nr.: Bla: 4/ 4
INSPECTION CERTIFICATE EN 10204-3.1 Document No.: Inspection No.: Page:
CERTIFICAT DE RECEPTION EN 10204-3.1 No. du document: No. du certificat: Page:
Hartepriifung / Hardness test / Essai de dureté
Pos. Proben-Nr. Schmelzen-Nr.  Hérte
item Specimen No. Heat No. Hardness
Poste No. de |'éprouv.  No. de coulée Dureté
_Anforderungen HRC HB HV HRB HBW
Requirements .
Exigences MAX 72
0002 000010 202922 068 ~
0002 000011 202922 067 <
0002 000012 202922 066 <
0002 000013 202922 068 7~
0002 000014 202922 067 4
0002 000015 202922 067 7
0002 000016 202922 068
0002 000017 202922 067 /
0002 000018 202922 067/
Vermerk / Remark / Remarque
Certificate remarks: fully killed fine grained steel, Country of origin of the material and heat: Germany
Verkéufer(in) / Satesman/ woman in charge /Personne chargée : * Mr Hoke, Tel.: 05254/81-4263, Fax: 4269
Paderborn Schlo3 Neuhaus,21.02.2011, TEL.: 05254.81-1767 FAX: 05254.81-1752 Abnahmebeauftragter
Inspection representative
Contrdleur ‘
THOMAS GOLLAN / TEM

Es wird bestétigt, daB die gelieferten Erzeugnisse den techn. Lieferbedingungen des Auftrages entsprechen.Dieses Dokument wurde mittels EDV erstellt und ist ohne Unterschrift rechtsgiiltig.
We certity that the supplied products comply with the order spscification.This document was prepared by means of electronic data processing and is valid without signature.
Nous attestons que les produits livrés sont conformes aux stipulations de la commande.Ce document a été &tabli par traitement électronique de |'information et est valide sans signature.



Customer Information

Your PO#: 500594
Part #: 118454.1

Description :PROD GAS FR HEADER

Thermal Specialties

Heat Treating Certification

Thermal Specialties. Information
Date Processed: 03/04/2012

TSHT SO#: 174669

Furnacetf: 25
Calibration Date: 02/22/2012
Thermocouple Type K

Approved by: JL

25 contiol 1 DEG.

2012 Wed Mar ?4 22:18:40

|

|

!

T
15 30 45
2012 Wed Mar 14 19:00

Y45 30
2012 Wed Mar 14 20:00
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45

0 15 30
2012 Wed Mar 14 21:00
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45

0 15 30
2012 Wed Mar 14 22:00

!

|
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45

| |

{ ¥
0 15 30
2012 Wed Mar 14 23:00

Thermal Specialties certifies that the item has been processed in accordance with customer’s requirements.
Processes were obtained through standard approved methods and in accordance with Thermal Specialties quality assurance manual
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prem— k_

(RSN TS
zentech
1030 N. Iriquois Ave.

Tulsa, OK 74106
918-585-8200

Bill of Lading

(PWHT Chart On Reverse Page)

Sold To: Ship To:
Customer Name AXH AIR-COOLERS Customer Name AXH AIR-COOLERS
Bill to Address 401 E. LOWRY RD. Ship to Address 401 E. LOWRY RD.
City, ST, Zip CLAREMORE,OK 74017 City, ST, Zip CLAREMORE,OK 74017
Telephone 918-283-9200 Telephone 918-283-9200
Contact: JEFF STEELE Contact: JEFF STEELE
E-Mail E-Mail
Customer PO No. N/A Ship Date 03/13/2012
Customer Job No. MULTI Ship Time 08:00
Bill of Lading No. N/A Ship Method ZENTECH
Part Quantity Part Name Weight
1 118454.1 PROD GAS BK HEADER N/A
Part Description
PWHT OF (1) HEADER

MY

;’ L

%

AXH AIR CQOLFR .

SECERTIFIED

Zentech Job Number  [1-30-12-126

Zentech Operator

ROBERT AGEE

Experian Seg. Num. 210

Furnace Number

4

lSigned for By

Signed for Date




AXH AIR-COOLERS 1-30-12-126 3/13/2012
MULTI

N/A
118454.1 PROD GAS BK
Zentech Thermal Processing
Furnace No. 4
3000 .
2500
2000 —TC-1
™ —TC-2
o TC3
g —TC-4
® 1500 —TC-5
-3 == TR
£ —TC-12
3 —TC-17
1000 —TC-18
500 '
0
N N (9] N N N N N N N N N AN N N N N AN N N AN N AN N
¥ = e 9 = § = F = ¥ L% wE W = N = o = O ow 8w
» o (] ~ = N N [s2) (92 o () - = N N P ] (a0} <t < 19} Te] © © N~
= N N N N N N N N
Time (6 minute increments)
Calibration Date: 7/1/2011 WISco !
Calibration Due: 7/1/2012 Signed By: ROBERT AGEE | \\/ [ R B&
Initials

Date: 76442
gl




TYFINSHY coves. [1om0

l

CUSTOMER; { 3)< H , risnotr [ 354/ Q pate: A — ZZC?' -2
LOCATION: oot [/EUL [ ron PART#:

MATERIAL: 5 CODE: ﬁsm & ORIG. FILM __~ 7 REPAIR FILM

TESTING VARIABLES
rm@{omm X-Ray[J: Ci %} kV. mA EFSS: P / & <?

PROCESSING: MANUAL L1 AUTOMATIC E|GNGLE FILM BGDMPOSITE FiLm O
EXPOSURE: DWE/SWV \ZI/DWE/DWV O sweswv O
" FILM: TYPE F ’QD CLASS / SENSITIVITY «2" 2+
FILM USAGE: 3% x 82 / 3% x 10 3% x17 4% x 10 4% x 17 14 x 17
7 x 8% 7x17 8x10 70mm Other
FILMID. | INTERVAL | 1.Q.l. | SHIM [MAT'LTHK| SOD | OFD |DENSITY| IRISNDT [ DIA. DISCONTINUITIES ACCEPT | REJECT
L Inch Inches . . Proc. _
NT =3 F T AR P WA A P
2 A= P
3 ~
s . | &[T P
s NA [/ —
6 = —
7 -4 —
8 y-7 e
9
10
1
12
13
14
15
16
17
18
19
20
21
22 ALl
23 =
24 . Y
25 N A .
26 /] 3% | X
27 [/et/%) V1A
28 % V- A7
29 w 7
30 /
IRISNDT Procedure: TERMS AND ABBREVIATIONS
| mrysetss ovaces, g iy il S e B o
S.0.D. = Source-to-object distance CK - Crack HB - Hollow Bead LC - Low Cover RS - Round Seam
O FD. = Object-to-film distance EP - Excessive Penetration IP - Incomplete Penetration MA - Misalignment LS - Long Seam
5 S.0.D.+0.F.D.=S.FD . QI - Image Quality Indicator (Penetrameter)
Unit # Miles: Interpretation by:
- SN1N-1';'C—1A 2
(Print)
71249‘7& LWLTF—  CERT # e
vz (Signature) 3
Client Representative:
{/ Tulsa 4 Deer Park Houston
1115 W. 41st Street 905 Georgia Ave. 1729 D Brittmoore
Tulsa, OK 74107 Deer Park, TX 77536 Houston, TX 77043
Ph (918) 446-8773 Fax (918) 446-8777 Ph (281) 476-4444 Fax (281) 476-4450 Ph (713) 461-6363 Fax (713) 461-0074

ORIGINAL




IRIS

DY}

Ultrasonic Inspection Report

JOB # 118454.1 FR  Page 10of1
PO # Date 03/14/12
Client; AXH Air Coolers Item Inspected: Box Header Seams IRISNDT# 135945
JLocation: Claremore, OK Nozzle Attachments
Code: ASME Sec. V ART. 4
ASME VIII DIV | APP. 12 Heat Treatment: B.P.WH.T.
Procedure: 4.0 U.T. Surface Condition: As Welded Material: cls
UT Equipment: EPOCH XT IRISNDT# 101371412 Cal Date: 2/1/2012
Calibration Block: W Probes: Angle:(degrees) 0 60 45 60
Test Piece: ASME 3/4" Basic Frequency:(mhz) 5 2.25 5 5
Distance/Amp Cal:  2/4 to 6/4T Crystal Size:(inches) " 12 14 14
Transfer Loss Cal:  Direct Comparison Scan Gain: +6dB Couplant: UT-X Batch # IRIS
Ref. Flaw Size: 3/32" SDH Primary Reference Level: 80% FSH
Scan Method: Contact TOF Lamination: X Thickness: X Shear Wave: X
Scope: UT Inspection Performed On All Accessible Areas Of Box Header Weldments
Long Seams, End Blocks, And Nozzle Attachment Welds
Results: 118454.1 FR Accept
<9
===
S \] { P
4
B0 )
1% ]
8 G0 44
" e e { iR
j T 15IL%
L] o
WiSco
WO ReZ |
UT Revealed No Rejectable Indications Initials,
: D’lh"" ; =
All Welds Are Acceptable Per Code '”‘Z{?:a
Unit: 455 Miles: Hrs.: Consumables: Technician: Mark Rake (print)
In. Out: Technician: Mark Rake (sign)
In: Out: SNT-TC -1A Level: I cert# 522
| am in full agreement with ggport contents:
Client Representative: /Y72 PAN
Tulsa, Oklahoma ax
COOLERS
1115 West 41st Street “xé'i-“égmnm
Phone: 918-446-8773 Fax: 918-446-8777 D

IRISNDT2529




IR 1S N

Ultrasonic Inspection Report

118454.1 Page 10f1
Day Wed Date 03/07/12
Client: AXH Coolers Code: ASME Sec. V ART. 5 Cable BCB-74-6'/ BCM-74-6'
Location: Claremore Ok. ASME Sec.VIIi DIV. | APP. 12  Search/Unit  K/B-012X70
AFE:# 118454.1 Search/Unit K/B-008XRV
IRIS NDT # Heat Treatment AS WELDED Search/Unit  K/B-010N51
Procedure: 4.0 U.T. Surface Condition: Good Material: C/S
UT Equipment: USM GO IRISNDT# #09120535 Cal Date: 1/1/2012
Calibration Block: V-2, IW Probes: Angle:(degrees) 0 45 60
Test Piece: 3/4"ASME Frequency:(mhz) 5 5 5
Distance/Amp Cal:  2/4 to 4/4T Crystal Size:(inches)| ~ 0.500" 0.250" | 0.250°
Transfer Loss Cal:  Direct Comparison Scan Gain: +6db Couplant: UT-X Batch # IRIS
Ref. Flaw Size: 3/32", SDH Primary Reference Level: 80% FSH
Scan Method: Contact TOF Lamination: X Thickness: X Shear Wave: X
Scope: U.T.inspection of all Seam and Attachment weldment.
118454.1 BK ACCEPT
S £
( I
8 8 & B
olte=———=4 7 e 5
g
§ U opey
L. WISco |
WIOR
) ) . S Initials;
U.T. inspection of accessible weldment revealed no relevant indications. “[:T,g'e'* % %
U.T. inspection is acceptable per above reference code. T ',: 77 i
JUnit Miles: Hrs. Consumables Technician: %ﬂn’an (print)
In. Out: Technician: \ (sign)
In: Out: SNT-TC -1A Level: . v
Mike Carman | am in full agreement wi%on contents:
Client Representative: 3-7-1¢
Tulsa, Oklahoma
1115 West 41st Street A A rED

Phone: 918-446-8773

Fax: 918-446-8777

IRISNDT2529AXH




ANH afr-cooiers

REPORT OF NONDESTRUCTIVE TESTING
MAGNETIC PARTICLE EXAMINATION RECORD

REFERENCE STANDARD: ASME SECT.V, ASME SECT. Vil DIV.1, APPENDIX 6
AXH AIR-COOLERS STANDARD MS-20.0 REVISION: 0

~=.

EXAMINATION EQUIPMENT & METHOD

MAGNETIZING EQUIPMENT: Parker Research Contour Probe  SERIAL #: 3663

CURRENT TYPE: [x] ac [] »nc
MT TYPE: [Jwer [X]prY [C]FLourescent  [X]viSIBLE
LIGHTING EQUIPMENT: @FLOURESCENT LIGHT

WHITE LIGHT USING PARKER RESEARCH Y300 OR Y400 PROBE LIGHTING
FLASHLIGHT [_|# OF BATTERIES TYPE: CELL
MAXIMUM DISTANCE FROM OBJECT: FEET
[CJoTHeR

MINIMUM LIGHT INTENSITY ON SURFACE TO BE EXAMINED: 100 FOOT CANDLES

EXAMINATION RESULTS

IDENTIFICATION:

cusToMeR: M pRrexY Ot Cocp DATE: 3-/3-/2—

JoB#: /I$YS«4 ITEM #: ./ FR/BK __ (EXAMPLE: 1, .2, 3)

Smm——

MATERIAL TYPE: S¥S/6-20 NV MATERIAL THICKNESS:

EXAMINATION PERFORMED:

PYPLATE EDGES - BEFORE WELDING (ALL TUBE AND PLUG SHEETS WHICH HAVE BEEN
BEVELED / MACHINED FOR WELD JOINT PREPARATION), AND AFTER WELDING
(PERIPHERAL EDGE OF TUBE AND PLUG SHEETS) PER ASME SECTION VIil, DIV. 1, UG-83

BEFORE 2-29-/2 AFTER 23-~/3~/2-

ALL WELDED SEAMS WHERE ACCESSIBLE

<|ALL FINAL WELD SEAMS, NOZZLES, & COUPLINGS WHERE ACCESSIBLE

| "|ALL NOZZLE & COUPLING ROOT PASSES WHERE ACCESSIBLE

| |OTHER '

EXAMINATION RESULTS:
Elaccept [ ]rREJECT

DESCRIPTION AND/OR MAP OF INDICATIONS FOUND

4

| S q e Sco g

kitials:
EXAMINER , QUALIFICATION LEVEL Dater 4~

L 117




AXH éir-ooolers

REPORT OF NONDESTRUCTIVE TESTING
LIQUID PENETRANT EXAMINATION RECORD -

REFERENCE STANDARD: ASME SECT.V, ASME SECT. VIil DIV.1, APPENDIX 8
AXH AIR-COOLERS STANDARD MS-21.0 REVISION: 0

EXAMINATION EQUIPMENT & METHOD

LIQUID PENETRANT TYPE:  DUBL CHECK DP-50 OTHER: Chemetall Oakite/Ardrox 906
CLEANER / REMOVER:  DUBL CHECK DR-60 OTHER: ___ Chemetall Oakite/Ardrox 9PR50
DEVELOPER:  DUBL CHECK D-100 OTHER: __ Chemetall Oakite/Ardrox 9D1B

. LIGHTING EQUIPMENT: [X]FLOURESCENT LIGHT
| | FLASHLIGHT [__]# OF BATTERIES TYPE: CELL

MAXIMUM DISTANCE FROM OBJECT: FEET
[]JoTHER -
MINIMUM LIGHT INTENSITY ON SURFACE TO BE EXAMINED: 100 FOOT CANDLES
EXAMINATION RESULTS
IDENTIFICATION: . ~
B cusTomer: Mo eHy Dy ¢ DATE:__ 3-D-/2—
JoB#: _|IRYSY ITEM#:_, | FA/8K.  (EXAMPLE: 1, 2, .3)
MATERIALTYPE: _S#S/£-72 OnJ MATERIAL THICKNESS:
EXAMINATION PERFORMED:

DPLATE EDGES : BEFORE WELDING (ALL TUBE AND PLUG SHEETS WHICH HAVE BEEN
BEVELED / MACHINED FOR WELD JOINT PREPARATION), AND AFTER WELDING
(PERIPHERAL EDGE OF TUBE AND PLUG SHEETS) PER ASME SECTION VIIl, DIV. 1, UG-93  ~
BEFORE 3-7-/2_ AFTER —mm————
| |ALL WELDED SEAMS WHERE ACCESSIBLE
| |ALL FINAL WELD SEAMS, NOZZLES, & COUPLINGS WHERE ACCESSIBLE
| |ALL NOZZLE & COUPLING ROOT PASSES WHERE ACCESSIBLE
DX|ALL NOZZLE AND COUPLING HOLE OPENINGS FOR LAMINATION o
| |oTHER ﬂt v a‘ ‘f‘,yf-
rn-m—a:-—-—_—+.
! WISco !
WORB<
ACCEPT REJECT = :
D Initials: W '

DESCRIPTION AND/OR MAP OF INDICATIONS FOUND Dateﬁ f{;i

’ Ui =

EXAMINER . QUALIFICATION LEVEL

EXAMINATION RESULTS:




AXH air-coadlers

CERTIFICATE OF CALIBRATION

DATE OF CALIBRATION: 12/9/2011 IN VERTICAL POSITION, TEMPERATURE: 78 DEG.F

THE GAUGES AND/OR INSTRUMENTS LISTED HAVE BEEN TESTED AGAINST
PRESSURE STANDARDS: AMETEX MODEL T-3
SERIAL NO. 99260 COMPARATOR PRESSURE TESTER

GAUGE NO: # 26 RANGE: 8-600 GAUGE NO: # 24 IRANGE: 0-600
PRESSURE PRESSURE
APPLIED INDICATED APPLIED INDICATED
[150 LB 150 LB 150 LB 150 LB
300 LB 30018 300 LB 300 LB
450 LB 450 LB 450 LB 450 LB
600 LB 600 LB 600 LB 600 LB
&
GAUGE NO: [RANGE: GAUGE NO: RANGE:
PRESSURE PRESSURE
APPLIED INDICATED APPLIED INDICATED
GAUGE NO: RANGE: GAUGE NO: RANGE:
PRESSURE PRESSURE
APPLIED INDICATED APPLIED INDICATED

NUMBER OF GAUGES LISTED ABOVE WITH SERIAL NO. AND RANGE: 2

TECHNICIAN: RW DATE: 12/9/2011

RECALIBRATION DUE DATE: 12/9/2012

#Z



air-cooliers

HYDROSTATIC TEST REPORT

MANUFACTURED FOR MURPHY OIL CORPORATION
AXH JOB NUMBER 118454

VESSEL TESTED 118454.1 PROD GAS

TEST PRESSURE 232 PSI

HYDRO TEST HELD FOR 1 HR.

THIS REPORT IS TO CERTIFY THAT THE AFOREMENTIONED
VESSEL (OR) VESSELS WERE HYDROSTATIC TESTED IN
ACCORDANCE WITH ASME SECTION VIII DIV 1.

CUSTOMER WITNESS

DATE 3 9O 30/2 BY /@eu; le e oS

QUALITY CONTROL DEPARTMENT




&AXH air-coolers

401 E. LOWRY.ROAD
CLAREMORE, OKLAHOMA 74017

PROCEDURE: AXH MS-29.0
CODE SPECIFICATION:
ACCEPT. CRITERIA:
JOB NO.: 118454.1 PROD GAS HEADERS

DATE: 3~2—~/2—

~ HARDNESS TESTING

MATERIAL TYPE: S# S/6-70 v SURFACE CONDITION: GROUND
HEAT TREATMENT:
EQUIPMENT: KRAUTKRAMER MIC-10 CALIBRATION DATE: B~/ B~
CALIBRATION BLOCKS:
HARDNESS SCALE READING: ROCKWELL B VICKERS
ROCKWELL C BRINELL )(
COMPONENT IDENTIFICATION BRINELL IMPRESSION | BRINELL BAR| HARDNESS
ITEM AND LOCATION OF READING BAR MATERIAL HARDNESS VALUE ACCEPT|REJECT]
£R1+— _|es WD 12%
Y7, Kt /29
Es) w (&2
H 1725~
yoli w (82
H /7L
N2 w 7472
H L2727
B WS/ w /89
H /RO
Es/ w (&F
H /27
TECHNICIAN: VS, 1747 Z-p5 2
(PRINT)
(SIGNATURE) &

I am in full agreement with report contents.
CLIENT REPRESENTATIVE:

m Ak COOLE) . ;
24 ““mmns

(SIGNATURE)



NOISE LEVEL
NOISE LEVEL

- JOB NUMBER(S): 118454
Ax“ 4 Ea!:lozyi:__ ggg!ﬁ:f CUSTOMER: MURPHY OIL CORPORATION

918-283-9200 - fax: 918-283-9229 QUANTITY: 1 MOTOR

www.axh.com MODEL: 42ZFR
- Date 221-)2
RUN-IN & NOISE TESTING
BACK HEADER END
NOISE LEVEL Dba at 1 m
Vibration Mils NOISE LEVEL Dba at 15 m Vibration Mils

Vibration .IH Mils

S—

Dbaat1m
Dba at15m

vibration 4| 1_mits

Ii, li Vibration lf z Mils

moTOR SerIAL # M/ ICIA <004 |

Actual
Electric Motor Load NOISE LEVEL
, 1= 433 amps. NOISE LEVEL
i B
Ph 2= L{ i Amps. <
T O Ph 3=__ﬂAmps.
e %% ¢
Blade Pitch 4.9 _Fike) fpy.

_—l l——- Vibration / (ﬂ Mils

T T

Dbaat1m
Dbaat15m

Vibration Mils NOISE LEVEL Dbaat1m Vibration Mils
NOISE LEVEL Dba at 15m
FRONT HEADER END
P pet?
AF
3¢ i
£
3 "S\ 1,)‘\ A n
. o
o'l
AXH }é‘a[ir- oolers
TESTING PERFORMED t‘ ‘ Tested By: py TISER
1. Vibration Displacement in Mils. Peak to peak ax
2. Vibration Meter: Balmac Model 205 (O Date Tested: 3-21-il
3. Noise Meter: Extech Model 407764 AXH "c“;,f,‘};’.'gf,“’
ANSI S1.4-1983 Type 2, IEC 651 o Time Tested: ENNY am (G
WiSco




i Structural Calculations

Equipment Description: Inlet Nozzle Load Finite Element Analysis

Vendor: AXH
Vendor Project No.; 118454 ¢ | 455
Purchaser: AXH
Owner: AXH

Plant Location:

Revision Date Description Engineer
0 13-Apr-12  [Initial Issue CR

118465 Rev 0 : Page 1 of 256
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Section A - API-661 Nozzle Loads

Page 3 of 25



Finite Element Analysis Summary

Nozzles for both coolers were checked for 3x API-661 nozzle loads. The resulting von mises stresses were
compared to the yield stress for the material at the design temperature, and found to be within the acceptable
limits. Both headers (42ZF and 96BZF) can withstand 3xAPI-861 Nozzle lloads without modification.

118465 Rev 0 Page 4 of 25



AP{ Btandard 661 /180 13706

M,

L,

Fy

-

Key
A fin tubes
Figure 6 - Nozzle loads
Table 4 - Baximum allowable nozzle loads
Nozzle size Moments Forces
DN (NPS) N-m (ftlbf) N (Ibf)
My M, M, 2 i 2
» 40 (1 1/2) 110 (80) 150 (110) 110 (80) 670 (150) 1 020 (230) 670 (150)
50 (2) 150 (110) 240 (180) 150 (110) 1020 (230) 1 330 (300) 1020 (230)
80 (3) 410 (300) 610 (450) 410 (300) 2 000 (450) 1690 (380) 2 000 (450)
100 (4) 810 (600) 1220 (900) 810 (800) 3 340 (750) 2 670 (600) 3 340 (760)
150 (6) 2140 (1 580) | 3 050 (2 250) | 1630 (17200) 4 000 (900) 5030 (1 130) 5'}0301(’1 130)
200 (8) 3 050 (2 250) | 6 100 (4 500) | 2 240 (1 650) 5690 (1 280) 13 340 (3 000) 8 010 (1 800)
250 (10) 4070 (3000) { 6100 (4 500) | 2650 (1 880) 6 670‘ (1 500) 13 :340 (3000) | 10010 (2 250)
300 (12) | 5080 (3750) | 6100 (4500) | 3050 (2250) | 8380(1880) | 13340(3000) | 13340 (3 000)
350 (14) | 6100 (4 500) | 7 120 (5250) | 3570 (2630) | 10010(2250) | 16680 (3750) | 16680 (3 750)

118465 Rev 0

Canpstitit Aredeisan Pulictaum Hisiiby

17

Page 5 of 25




Section B - Finite Element Analysis 42ZF

18454
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Nozzle Loading Analysis
AXH Job # 118454 42ZF Cooler




Executive Summary

= The nozzles need to be verified to be suitable for 3x API-661 Nozzle loads. The finite model was constructed using 8 node Brick elements. Due to symmetry, only 1/2 of the header was
@modeled and the middle of the header was treated as being restrained from translations in all 3 directions. The nozzle was modeled with gussets. The loads applied are as follows:
B

]
Slnternal Pressure = 178 psig

3x AP1-661 Nozzle Loads applied to end of nozzle.
Fx=1,350 Ibs

Fy=1,140lbs

Fz=1,350 Ibs

Mx = 10,800 lb-in

My = 16,200 Ib-in

Mz = 10,800 Ib-in

The resulting von-mises stresses were calculated and compared to the yield stress for the material at the design temperature. Since the von mises are less than the vield stresses, the
model is considered to be acceptable.

Allowable Tensile Stresses at 473 Deg. F:
A-333-Gr. 6 Nozzle - Fy = 28,878 psi
A-516-70N Plate = 31,405 psi
Summary

& odel Information

Analysis Type - Static Stress with Linear Material Models

Units - English (in) - (Ibf, in, s, °F, °R, V, ohm, A, in-Ibf)

Model location - C:\PaulimAXH\AXH118454\Box Header 42ZF .fem
Design scenario description - Design Scenario # 1

Analysis Parameters Information

{oad Case Multipliers

Bed

@

goStatic Stress with Linear Material Models may have multiple load cases. This allows a model to be analyzed with multiple loads while solving the equations a single time.
gThe following is a list of load case multipliers that were analyzed with this model.

Load Pressure/Surface Acceleration/Gravity | Rotation | Angular Displaced Thermal | Voltage
Case Forces Acceleration Boundary




_Multiphysics information

<«

s

& Default Nodal Temperature 0 °F

@

< .

°|Source of Initial Nodal Temperatures Model file
Time step from Heat Tran;fer Analysis Last
Default nodal voltage oV
Source of nodal voltages Model file
Processor information
Type of Solver Automatic
Disable Calculation and Output of Strains No
Calculate Reaction Forces Yes
Invoke Banded Saclver Yes
Avoid Bandwidth Minimization No
Stop After Stiffness Calculations No
Displacement Data in Output File No
Stress Data in Output File No
Equation Numbers Data in Qutput File No
Element Input Data in Output File No

€|Nodal Input Data in Qutput File No

§ Centrifugal Load Data in Output File No

Part Information




0 ASY G9p8LL

Part Element -
D Part Name Type Material Name
Box Header .
1 a27F Brick Steel (ASTM - A36
2 Part 2 Rigid glegfl“gl ee:fments have no material properties or the material properties have not been

Element Information

Element Properiies used for:

e Box Header 42ZF

Element Type

Brick

Compatibility

Not Enforced

Integration Order

2nd Order

Stress Free Reference Temperature

0 °F

Element Properties used for:

gz jo 0} afed

o Part2

Element Type Rigid
Stiffness 10000000000
Component DOF - Tx Yes
Component DOF - Ty Yes
Component DOF - Tz Yes
Component DOF - Rx Yes
Component DOF - Ry|Yes




Component DOF - Rz Yes

Material information

Steel (ASTH - A36} -Brick

Material Model

Standard

Material Source

Autodesk Simulation Material Library

Material Source File

C:\Program Files\Autodesk\Algor Simulation 2012\matlibs\algormat.milb

Date Last Updated

2004/09/30-16:00:00

Material Description

Structural Steel

Mass Density

0.000735 Ibf-s2/in/in3

Modulus of Elasticity

29000000 Ibf/in2

Poisson's Ratio

0.2

Shear Modulus of Elasticity

11200000 Ibf/in2

Thermal Coefficient of Expansion

6.5e-006 1/°F

Loads

FEA Object Group 8: Surface Pressure/Tractions

Surface Pressure/Traction

3 . . X Y z - Apply Loss

‘§ ID | Description i;art %urface gll;%si’;ude Magnitude | Magnitude | Magnitude _I\I!I ;gtlga:l:r Multiplier |Type II;(i’s"ol‘::e ment Modified -I;resesure Coefficient
2 (bfind  |(Ibfin?) | (Ibffin?) P Pressure| YP (Ibffin?)
“11 |Unnamed |1 |66 178.000000|0.000000 |0.000000 [0.000000 (1 1.000000 | Pressure |No No g:zggure 0.000000




Gz jo | afed

0 ASY G981

5 [Unnamed |1 51 178.000000|0.000000 (0.000000 |0.000000 |1 1.000000 | Pressure |No No s:zzscure 0.000000
6 |Unnamed (1 50 178.000000 |0.000000 |0.000000 |0.000000 |1 1.000000 |Pressure |No No g:zgsure 0.000000
FEA Obiect Group 11: Nodal Forces
Nodal Force
. .. |[Vertex [Node Magnitude Multiplier Table
ID | Description D Number (Ibf) Vx Vy Vz D
4 |Unnamed |[44176 {21735 1350.000000 [1.000000|0.000000 |0.000000 |1
FEA Object Group 12: Nodal Forcses
Nadal Force
. .. |Vertex [Node Magnitude Multiplier Table
ID | Description D Number (ibf) Vx Vy Vz D
5 |[Unnamed |44176 |21735 1140.000000 |0.000000{1.000000|0.000000 1
FEA Obiect Group 13: Nodal Forces
Nodal Force
. .. |Vertex |Node Magnitude Multiplier Table
ID | Description D Number (Ibf) Vx Vy Vz D
6 |Unnamed {44176 (21735 1350.000000 {0.000000{0.000000|1.000000 |1
FEA Oblect Group 14: Nodal Moments
Nodal Moment
. .. |Vertex |Node Magnitude - Coordinate System
ID De;cnptnon D Number (Ibf-in) Vx Vy Vz LC_Placeholder D
4 |Unnamed (44176 |21735 10800.000000 |1.000000|0.000000{0.000000|1 0]
FEA Object Group 15: Nodal Moments
Nodal Moment
. .. |Vertex |[Node Magnitude Coordinate System
ID | Description D Number (Ibf-in) Vx Vy Vz LC_Placeholder D N




[5 |unnamed [44176 [21735

16200.000000

0.000000|1.000000|0.000000 |1

SFEA Object Group 15: Nodal Moments

SHNodal Moment

0Asy

ID | Description

Vx

vy

Vz

LC_Placeholder Coordinate System

ID

6 |Unnamed

10800.000000

0.000000|0.000000|1.000000

1

0

Constraints

FEA Object Group 7: Surface Boundary Conditions
Surface Boundary Condition

ID | Description

1 {Unnamed

Yes Yes_

FEA Object Group 9: Surface Boundary Conditions
Surface Boundary Condiion

ID | Description

2 |Unnamed

No.

FEA Object Group 18: Edge Boundary Conditions
Edge Boundary Condition

ID { Description

1 |Unnamed

Yes !

Results Presentation Images

§zjo ¢l abed
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FRONT HEAD

ROODT CA'\F/: PWHT REPORT# 118454.1 PROD GAS FR
1 X-RAY FILM# 113770
RQI%T Cﬁﬂl:l)\l M N 8 A MN Ro‘lc[))T CAI\;)N HARDNESS REPORT# 118454.1 PROD GAS
HEADS
8A / S . 52 UT REPORT# 118454.1 FR
OOOOOOOO'OOOOOOOOOOOOO 000000 ‘=
E B 1 OoOOOOOOOOOOC%ZOOOOOOOOOOOOOOOOOOOOOOOOOQ%:OOOOOOOOOOOO EBZ Szlélé-Gr—. L _:—l 3 C
GH l—%—' GH LS4 1S3 -
ON |© Ol (L 2
uu 5 -~ Ww . > 000 04
QR GH GH QR | P OO O O
FRONT HEADER S\ FLance cussers FLANGE GUSSETS [\ A
—L TR TYP) 4 REQUIRED (TYP) 4 REQUIRED 3C
VIEWED FROM PLUGSHEET SIDE ¢ — ¢ o ¢© 0P TAB INSTALLATION
ROOT CAP BACK HEAD
ROOT CAP ROOT CAP 6D M | PWHT REPORT 1184541 PROD GAS BK
6D AB 6D | AB X-RAY FILM# 113770
HARDNESS REPORT# 118454.1 PROD GAS
AB 8A 5D (¢ — HEADS
) ) UT REPORT# 118454.1 BK
©C00O0OODOODOOOOO0OO 0C000OODOOOO0OOO 3C [T | | PG
(EBD L oooooooooooooooooooooooooooo(%:oooooooooooooooooooooooooo EB2 M SHEET T
AB = 3, |—
_BACK HEADER
VIEWED FROM TUBESHEET SIDE
HEL0 PROCEOURES (ov Ty , ] air-coolers
<5/6" | Pi-pi-11_|< 5/8 | 3-:1-11 <58 | m;m-to ss. | Pi-pe-08_ |<5/8 | P1-Pi-11 :,',..E;{I PI=PI-11 [ Pi—pi-11 CLAREMORE, OKLAHOMA
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; I0_TUBE /PLUG e AR SEA. T [G] LOCATION: ~ 118454 MS—'L ~

WRAPS Cl




WELD PROCEDURE SUMMARY FORM

(COUPLING TO WRAPPER)

JOB NUMBER 118455
CUSTOMER MURPHY OIL CANADA & )
AXH air-coofers
JOINT TYPE THICKNESS TO BE WELDED | APPLICABLE CODE | WPSNO. | QUALIFIED THICKNESS RANGE DESCRIPTION COMMENTS
CORNER JOINT 1/2" SA516GR70 ASME SECTION VIl | P1-P1-10 375" - .5813" HEADER BOX
(WPAPPER)
CORNER JOINT 3/8" SA516GR70 ASME SECTION VIl | P1-P1-11 375" - .5813" HEADER BOX
(END BLOCK)
FILLET 1/4" SA240304SS ASME SECTION VIl | P1-P8-05 ALL PASS PLATE
(PASS PLATE)
BUTT / FILLET 437" SA333GR6 ASME SECTION VIl | P1-P1-11 375" - .5813" NOZZLE
(PIPE TO WRAPPER)
BUTT 437" SA333GR6 ASME SECTION VIl | P1-P1-11 375" - .5813" FLANGE
(FLANGE TO PIPE)
BUTT / FILLET 1/2" SA350LF2 ASME SECTION VIl | P1-P1-11 375" - .5813" COUPLING




WELDERS LOG

JOB NUMBER 118455
CUSTOMER MURPHY OIL CANADA &
AXH air-coolers
WELDER'S NAME WELDER'S STAMP NO. | PROCESS QUALIFIED WPS NO. QUALIFICATION DATE | DATE OF EXPIRY | QUALIFYING AUTHORITY
JERRY CUNNINGHAM J GMAW / FCAW P1-P1-11 7/11/2007 CURRENT ASME SECTION IX
DAVID KINDER 0 SAW P1-P1-10 10/22/2007 CURRENT ASME SECTION IX
GREG DIXON P SAW P1-P1-10 4/6/2010 CURRENT ASME SECTION IX
JEREMY WELLS LL GMAW / FCAW P1-P1-11 3/5/2009 CURRENT ASME SECTION IX
DEON ROY 7A GMAW / FCAW P1-P1-11 8/5/2010 CURRENT ASME SECTION IX
TOMAS MENDOZA EF GMAW / FCAW P1-P1-11 3/16/2007 CURRENT ASME SECTION IX
ETHAN EGLESTON 1) GMAW P1-P8-05 8/24/2011 CURRENT ASME SECTION IX
ERNIE FARBRO oP GMAW / FCAW P1-P1-11 5/5/2006 CURRENT ASME SECTION IX
MIKE GARTRELL QR GMAW / FCAW P1-P1-11 10/6/2010 CURRENT ASME SECTION IX
TOUA YANG 5D GMAW / FCAW P1-P1-11 2/12/2011 CURRENT ASME SECTION IX
MIKE GILLILAND 1E GMAW P1-P8-05 8/30/2011 CURRENT ASME SECTION IX
ALAN WEST 3C GMAW P1-P1-11 1/25/2011 CURRENT ASME SECTION IX




AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: CAMP, GREG Stamp: 1D
Test WPSNo.: P1-P1-02  Rev.. 0  WPQ No.: _P1-P1-02

Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic

Date: _10/21/2010

Type of joint welded: Plate Groove weld

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Joint type(s) qualified: _Groove and Fillet Welds

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X

Base metal thickness (in.) 1 WPS Limits

Pipe diameter (in.) N/A 2.875" minimum

GMAW / Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto

Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1

Filler metal specification (SFA) 5.18 5.20 5.xx 5.xx

Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>= 3 layers] 0.25 [N/A] 0.75 [Yes] 0.2750" maximum WPS Limits
Welding position 2G - Horizontal 2G - Horizontal Flat & Horizontal Flat & Horizontal
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A N/A N/A
Welding position N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A

Single / multiple pass per side N/A N/A ) N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.

** Welds with backing include fillets and double-welded groove welds.

Notes: _

Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
L None None _
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194
Radiographic test results: None
Welding test conducted by: AXH air-coolers, LLC
Mechanical/Radiographic tests conducted by: AXH air-coolers, LLC Lab test no.: _10/21/2010

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Certified By:

Organization: AXH air-coolers, LLC

10/21/2010 QC MANAGER

STEVED. LITTLE

Date

WPQ IX - C - WPW 2010.1.0
Form 2009 Rev. 0




AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: CAMP, GREG Stamp: 1D
Test WPSNo.: P1-P1-03  Rev.. 0  WPQNo.: P1-P1-03. Date: _4/15/2011

Welding process(es) / type(s) used: SMAW / Manual

Type of joint welded: Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X

Base metal thickness (in.) 0.75 WPS Limits

Pipe diameter (in.) ‘ N/A 2.875" minimum
SMAW / Manual SMAW / Manual

Backing ** No backing used With or without backing

AWS classification . E7018-1

Filler metal specification (SFA) 5.1 5.xx

Filler metal F-No. 4 F4 (F1-F 3 w/backing)

Filler metal product form N/A N/A

Consumable insert N/A N/A

Deposit thickness (in.) [>=3 layers) 0.75 [Yes] WPS Limits

Welding position 2G - Horizontal Flat & Horizontal

Weld progression N/A N/A

Backing gas N/A N/A

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A

Automatic voltage control N/A N/A

Automatic joint tracking N/A N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing ** N/A N/A

Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Volumetric test results: Acceptable Per QW-302.2 and QW-191

Welding test conducted by: AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: IRIS NDT

Lab test no.: 4/15/2011

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME Code.

Certified By:

e I [

Organization: AXH air-coolers, LLC

4/15/2011

QC MANAGER

STEVED. LITTLE

Date

201t Form 010 - Format C



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: ADKINS, RONNIE Stamp: MN
Test WPS No.: P1-P1-02  Rev.. 0 WPQ No.: _P1-P1-02
Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic

Date: _9/8/2010

Type of joint welded: _Plate Groove weld Joint type(s) qualified: _Groove and Fillet Welds

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 1 WPS Limits
Pipe diameter (in.) N/A 2.875" minimum

GMAW / Semiaute | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) 5.18 5.20 5.xx 5.xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>=3 layers] 0.25 [N/A] 0.75 [Yes] 0.2750" maximum WPS Limits
Welding position 2G - Horizontal 2G - Horizontal Flat & Horizontal Flat & Horizontal
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A N/A N/A
Welding position N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.
Notes:

Guided Bend Test (QW-160)

Figure Number and Type Result Figure Number and e Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
None None
None None

Visual examination results: _Visual exam satisfactory per QW-302.4 and QW-194
Radiographic test results: None
Welding test conducted by: _AXH air-ccolers, LLC

Mechanical/Radiographic tests conducted by: AXH air-coolers, LLC

Lab test no.: 9/8/2010

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Organization: AXH air-coolers, LLC

Certified By: :ﬁ&g } L*‘"LL&—-

9/8/2010  QC MANAGER
STEVED. LITTLE

Date

WPQ IX - C - WPW 2010.1.0
Form 2009 Rev. 0



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: ADKINS, RONNIE
Test WPS No.: P1-P1-03 Rev.: 0

Stamp: MN
WPQ No.: P1-P1-03
Welding process(es) / type(s) used: SMAW / Manual

Date: _12/7/2010

Type of joint welded: Plate Groove weld

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Joint type(s) qualified: _Groove and Fillet Welds

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X

Base metal thickness (in.) 0.75 WPS Limits

Pipe diameter (in.) N/A 2.875" minimum
SMAW / Manual SMAW / Manual

Backing ** No backing used With or without backing

AWS classification E7018-1

Filler metal specification (SFA) 5.1 5.xx

Filler metal F-No. 4 F 4 (F 1 - F 3 w/backing)

Filler metal product form N/A N/A

Consumable insert N/A N/A

Deposit thickness (in.) [>= 3 layers] 0.75 [Yes] WPS Limits

Welding position 2G - Horizontal Flat & Horizontal

Weld progression N/A N/A

Backing gas N/A N/A

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A

Automatic voltage control N/A N/A

Automatic joint tracking N/A N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing ** N/A N/A

Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
| Figure Number and Type Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Radiographic test results: _Acceptable Per QW-302.2 and QW-191

Welding test conducted by: _AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: _IRIS NDT

Lab test no.: 12/7/2010

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME Code.

Certified By:

S

D. LITTLE

Organization: AXH air-coolers, LLC

12/7/2010 QC MANAGER
Date

2011 Form 009 - Format C



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: DOWLER, MARTY Stamp: 8A

Test WPS No.: P1-P1-02 Rev.: 0 WPQNo.: P1-P1-02 Date: _8/11/2010
Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic
Type of joint welded: Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds
Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70
Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. I to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 1 WPS Limits
Pipe diameter (in.) N/A 2.875" minimum

GMAW / Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backin With backing only
AWS classification ER708-6 E71T-1 .
Filler metal specification (SFA) 5.18 5.20 5.xx 5.xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>= 3 layers] 0.25 [N/A] 0.75 [Yes) 0.2750" maximum WPS Limits
Welding position 2G - Horizontal 2G - Horizontal Flat & Horizontal Flat & Horizontal
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc_ Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A L N/A . N/A
Welding position N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A -
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
None None
None None

Visual examination results: _Visual exam satisfactory per QW-302.4 and QW-194

Radiographic test results: None

Welding test conducted by: AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: AXH air-coolers, LLC Lab test no.: _8/11/2010

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Organization: AXH air-coolers, LLC

Certified By: év;.‘_. E DY (—Sm"_, 8/11/2010 QC MANAGER

STEVE D. LITTLE Date

WPQ IX - C- WPW 2010.1.0
Form 2009 Rev. 0



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: DOWLER, MARTY Stamp: 8A

Test WPSNo.: P1-P1-03  Rev.:. 0  WPQNo.: P1-P1-03 Date: 10/28/2011

Welding process(es) / type(s) used: SMAW / Manual

Type of joint welded: Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X

Base metal thickness (in.) 0.75 WPS Limits

Pipe diameter (in.) N/A 2.875" minimum
SMAW / Manual SMAW / Manual

Backing ** No backing used With or without backing

AWS classification E7018-1

Filler metal specification (SFA) 5.1 5.xx

Filler metal F-No. 4 F 4 (F 1 - F 3 w/backing)

Filler metal product form N/A N/A

Consumable insert N/A N/A

Deposit thickness (in.) [>= 3 layers] 0.75 [Yes] WPS Limits

Welding position 2G - Horizontal Flat & Horizontal

Weld progression N/A N/A

Backing gas N/A N/A

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A

Automatic voltage control N/A N/A

Automatic joint tracking N/A N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing ** N/A N/A

Single / muitiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Volumetric test results: _Acceptable Per QW-302.2 and QW-191

Welding test conducted by: _AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: IRIS NDT Lab test no.: _10/28/2011

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME Code.

Organization: AXH air-coolers, LLC

Certified By: ﬂmgbk%m___ 10/28/2011 QC MANAGER
; STEVED.

Date

2011 Form 010 - Format C



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: _LOR, CHER Stamp: GH
Test WPS No.: P1-P1-02 Rev: 0  WPQ No.: P1-P1-02
Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic

Date: 8/27/2010

Type of joint welded: Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70 .

Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 1 WPS Limits
Pipe diameter (in.) N/A 2.875" minimum

GMAW / Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) 5.18 5.20 5.xx 5.xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>= 3 layers] 0.25 [N/A] 0.75 [Yes] 0.2750" maximum WPS Limits
Welding position 2G - Horizontal 2G - Horizontal Flat & Horizontal Flat & Horizontal
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A N/A N/A
Welding position N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.
Notes:

Guided Bend Test (QW-160)

Figure Number and Type Result Figure Number and Type Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
None None
None None R

Visual examination results: _Visual exam satisfactory per QW-302.4 and QW-194
Radiographic test results: None

Welding test conducted by: AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: AXH air-coolers, LLC

Lab test no.: 8/27/2010

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Certified By: 'Q&J ;, L—f&&)ﬁ—-_—

STEVED. LITTLE

Organization: AXH air-coolers, LLC

8/27/2010 QC MANAGER
Date

WPQ IX - C - WPW 2010.1.0
Form 2009 Rev. 0




AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: _LOR, CHER Stamp: GH

Test WPSNo.: P1-P1-03  Rev.. 0 WPQNo.: P1-P1-03_ Date: 3/22/2011

Welding process(es) / type(s) used: _SMAW / Manual

Type of joint welded: _Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. | P-1 thru P-15F,P-34 & P-4X

Base metal thickness (in.) 0.75 WPS Limits

Pipe diameter (in.) N/A 2.875" minimum
SMAW / Manual SMAW / Manual

Backing ** No backing used With or without backing

AWS classification E7018-1 :

Filler metal specification (SFA) 5.1 5.xx

Filler metal F-No. 4 F 4 (F 1 - F 3 w/backing)

Filler metal product form N/A : N/A

Consumable insert N/A N/A

Deposit thickness (in.) [>= 3 layers] 0.75 [Yes] WPS Limits

Welding position 2G - Horizontal Flat & Horizontal

Weld progression N/A N/A

Backing gas N/A N/A

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remate visual control N/A N/A

Automatic voltage control N/A N/A

Automatic joint tracking N/A N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing ** N/A N/A

Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
None None
None : None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Volumetric test results: Acceptable Per QW-302.2 and QW-191

Welding test conducted by: _AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: IRIS NDT Lab test no.: 3/22/2011

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME Code.

Organization: AXH air-coolers, LLC

Certified By:___ﬁ&@ j/: (tsexc&__ 3/22/2011  QC MANAGER

STEVED. LITTLE Date

2011 Form 010 - Format C



Welder's Name: HOLLAND, RODNEY

AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Stamp: WW

Test WPS$ No.: PL-P1-02

Rev.: 0

WPQ No.: PI-P1-02

Welding process(es) / type(s) used: GMAW / Scmmutomuhc

Type of joint welded: Plate Groov; weld

Date: 71292010

Base metal(s) welded: SA-516. Grade 70 to SA- 516, Gradz, 70

Welder Variables (QW-350)

P- or S-Number to P- or S-Number

Base metal thickness (in.)
Pipe diameter (in.)

Backing **

AWS classification

Filler metal specification (SFA)
Filler metal F-No.

Filler metal product form
Consumable insert

Deposit thickness (in.) [>= 3 layers]

Welding position

Weld progression

Backing gas

GMAW / FCAW transfer mode

Machine Welding Variables (QW-360)

Direct / remote visual control
Automatic voltage control
Automatic joint tracking
Welding position
Consumable insert

Backing **

Suuck. / muIUple pass per side

Actual Values Used Range Qualified
PNeltoP-Noot P-1 thru P-15F P-34 & P-4X
0.375 .. WPS Limits_

_______________ N/A 2 873" mmlmum
GMAW /Semiauto (,MAW / Semiauto
_No backing used With or without backing
ER70S-6 o
308 . 3:XX
) 6 F-No.6
N/A N/A
0 375 IN/A] . 0.4125" maxmlum -
_ 2G - Horizontal ) Flal_&j{onzomal
N/A N/A

No backing gas used

With or Without backing gas

__Short-circuiting arc

_..Short-circuiting arc

Actual Values Used Range Qualified

CNA N/A
SNA N/A
JNA N/A

N/A N/A

N/A N/A
N/A N/A

N/A N/A

| Fillet Welds: Qualmed to make fillet wz.lds ot an) size on all base materml llncknc.ss«.s and plpe diameters of an\ size.
** Welds with backing include fillets and double-welded groove welds.

Visual examination results:
Radiographic test results: ]

Welding test conducted by:

xam sausf'u,!my per OW-BO” 4 and QW-]94

Notes: . ) e
R (rmded Bend Test (QW-160)
_______________ Figure Number and Type Result Figure Number and Type Result
QW-462.3(a) Face bend %qusfauor) QW-462.3(a) Root bend Satistactory
None None - e
None ~ None

AXH dlr-w()lcls l L(

Mechanical/Radiographic tests conducted by: AXI[ air-coolers, LLC

Labiest no: 7720010

We certity that the statements in this record are correct and that the test coupons were prepared. welded. and tested in accordance with the
requirements of Section IX of the ASME code.

Certified By:

Organization: AXH air-coolers. LLC

STEVE D. LITTLE

7/29/2010  QC MANAGER
Date

WPQ IX - € - WPW 2010.1.0
Foru 2009 Rev. 0




AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: HOLLAND, RODNEY
Test WPS No.: P1-P1-02  Rev.: 0

WPQ No

P1- Pl-02

Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic

Type of joint welded: Pipe Groove weld

Date: 11/4/2010

Base metal(s) welded: SA-106, Grade B 0S SA-106 Grade B

Welder Variables (QW-350)

P- or S-Number to P- or S-Number
Base metal thickness (in.)
Pipe diameter (in.)

Actual Values Used

P-No. 1 to P-No. 1
J0375
2, 875

Joint type(s) qualified: Uroove and Fillet Welds

Range Qualified

P-1 thru P-15F.P-3

4&P-4X

WPS Limits

1.00" minimum

FCAW / Semiauto

{ iauto __ GMAW/ Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing .~ With backingonly
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) _5.18 5.20 Sxx 5. vcx e
Filler metal F-No. 6 F-No. 6 F-No.6
Filler metal product form N/A N/A
Consumable insert . . NA N/A
Deposit thickness (in.) [>= 3 layers] __ 0.1875 [N/A] 01875 0.2063" maximum 0.3750" maximum
Welding position IGR - Rotated 1GR - Rotated Flat only Flat only
Weld progression NA T _ N/A N/A . Z
Backing gas No backing gas used | No backing gas used ng gas . W/WO backing gas
GMAW / FCAW transfer mode ..Short-circuitingarc | Sprayarc t-circuiting arc | Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A NA ~N/A o _NA
Automatic voltage control  N/A N/A N/A N/A
Automatic joint tracking NA i NIAL WNAL NA
Welding position N/A N/A NA 0 N/A
Consumable insert NA N/A N/A
Backing ** f N/A N/A . N/A
Single / multIplc pass per side NA N/A N/A . NA

Fillet Welds: Qualified to make fillet wclds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

e, e Guided B' d..Test (QW~I60) S
. Figure Number and Type .. . Result _Figure Number and Type | Result
~ QW-462 3(a) Face bend _ Satisfactory QW-462.3(a) Root bend Satisfactory
o None None
; None . None

Visual examination results: V;sual exam satlsfaomry per QW- 07 4 a.nd QW—l 94
Radiographic test results: -
Welding test conducted by AXH ‘ur-coolcr:a, LL(, )

Mechanical/Radiographic tests conducted by: Sherry Laboratories

 Labtestno.: 10110043-002-v1

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section 1X of the ASME code.

Do D A

STEVED. LITTLE

Organization: AXH air-coolers. LLC

117472010 - QC MANAGER
Date

Certified By

WPQ IX - C - WPW 2010.1.0
Form 2009 Rev. 0




AXH air-coolers, LLC
401 L. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: HOLLAND, RODNEY ~ Stamp: WW.
Test WPS No.: P1-P1-02  Rev.: 0 WPQNo.: PI-P1-02

Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic
Type of joint welded: Pipe Groove weld Joint type(s) qualified: Groove and Fillet Welds
Base metal(s) welded: _SA-106, Grade B to SA-106, Grade B

Date: 11/19/2010

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 o P-] thru P-15F.P-34 & P-4X

Base metal thickness (in.) ~0.531 o WPS Limits

Pipe diameter (in.) 45 - o 2.875" minimum
GMAW / Semiauto | FCAW / Semiauto GMAW / Semiauto _FCAW / Semiauto

Backing ** __No backing used Backing used With or without backing With backing only

AWS classification ER70S-6 E71T-1 o

Filler metal specification (SFA) 518 5.20 5.xx ‘ 5.xx

Filler metal F-No. 6 6 v F-No. 6 F-No. 6

Filler metal product form . NA N/A o N/A N N/A o

Consumable insert e NA N/A N/A N/A

Deposit thickness (in.) [>=3 layers] 0.1875IN/A]  :  0.3435[N/A] 0.2063" maximum : 0.6870" maximum

Welding position ~_1GR - Rotated IGR - Rotated Flat only Flat only

Weld progression  N/A . N/A N/A N/A

Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas

GMAW / FCAW transfer mode __Short-circuiting arc ‘Spray arc Short-circuiting arc Spray, Pulsed, or Globular

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control . NA NA . NA i NA

Automatic voltage control N/A ~N/A . NA i N/A

Automatic joint tracking N/A N/A N/A W N/A

Welding position N/A N/A » N/A N/A

Consumable insert N/A NA N/A . N/A

Backing ** N/A NA N/A i N/A

Single / multiple pass per side . N/A N/A N/A N/A

Fillet Welds: Qualified to make fillet ;elds of 5ny size on all base maiérial':t.hickncsées and pipe diameters of any suc
** Welds with backing include fillets and double-welded groove welds.

Notes: - B
. e Guided Bend Test (QW-160) s
Figure Number and Type Result . Figure Number and Type Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
NOne . Nong .. .

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194
Radiographic test results: None

Welding test conducted by: AXH air-coolers, LLC o
Mechanical/Radiographic tests conducted by: Sherry Laboratories . 8D teSETIO TOTT

We cerlify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Organization: AXH air-coolers, LLC

Certified By: é‘?a«,i ) L<\¥S\m__ , 1171922010  QC MANAGER

£y MO
STEVE D. LITTLE Date

WPQ IX - C - WPW 2010.1.0
Form 2009 Rev. 0
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AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: GARTRELL, MIKE Stamp: QR

Test WPS No.: P1-P1-02  Rev: 0 WPQ No.:. P1-P1-02

Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic
Type of joint welded: Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds

Date: 10/6/2010

Base metal(s) welded: _SA-516, Grade 70 to SA-516, Grade 70

Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 1 WPS Limits
Pipe diameter (in.) N/A 2.875" minimum
GMAW / Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) 5.18 5.20 5.xx 5.xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>= 3 layers]) 0.25 [N/A] 0.75 [Yes] 0.2750" maximum WPS Limits
Welding position 2G - Horizontal 2G - Horizontal Flat & Horizontal Flat & Horizontal
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A N/A N/A
Welding position N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A
Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.
Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
None None
None None
Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194
Radiographic test results: None
Welding test conducted by: AXH air-coolers, LLC
Mechanical/Radiographic tests conducted by: _AXH air-coolers, LLC Lab test no.: _10/6/2010

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Certified By: M}, L‘:\-&u

STEVE D. LITTLE

Organization: AXH air-coolers, LLC

10/6/2010 QC MANAGER
Date

WPQ IX - C - WPW 2010.1.0
Form 2009 Rev. 0



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: GARTRELL, MIKE
Test WPS No.: P1-P1-02 Rev.: 0

Stamp: QR _

WPQ No.: _P1-P1-02_

Welding process(es) / type(s) used: _GMAW / Semiautomatic and FCAW / Semiautomatic

Date: 3/14/2011

Type of joint welded: Pipe Groove weld.. .. ...

Base metal(s) welded: SA-106, Grade B to SA-106, Grade B

Joint type(s) qualified: _Groove and Fillet Welds

Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 0.375 WPS Limits
Pipe diameter (in.) 2.875 _ 1.00" minimum .
GMAW / Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) 5.18 5.20 5.xx 5.Xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>=3 layers] 0.1875 [N/A] 0.1875 [N/A] 0.2063" maximum 0.3750" maximum
Welding position 1GR - Rotated 1GR - Rotated Flat only Flat only
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A N/A N/A
Welding position N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A
Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.
Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
QW-462.3(a) Face bend Satisfactory QW-462.3(a) Root bend Satisfactory
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194
Volumetric test results: None

Welding test conducted by: AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: _Sherry Laboratories

Lab test no.: 11030472-001-v1

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME Code.
Organization: AXH air-coolers, LLC

Certified By: ig_b . LA&S« B 3/14/2011  QC MANAGER

STEVED. LITTLE Date

2011 Form 010 - Format C



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: GOURD, STEVE
Test WPS No.: P1-P1-02  Rev.. 0

Stamp: UU
WPQ No.: _P1-P1-02

Date: 7/28/2010

Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic

Type of joint welded: Pipe Groove weld

Joint type(s) qualified: _Groove and Fillet Welds

Base metal(s) welded: SA-106, Grade B to SA-106, Grade B

Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 0.674 WPS Limits
Pipe diameter (in.) 4.5 2.875" minimum

GMAW/ Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) 5.18 5.20 5.xx 5.xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>= 3 layers] 0.1875 [N/A] 0.4865 [N/A] 0.2063" maximum 0.9730" maximum
Welding position 1GR - Rotated IGR - Rotated Flat only Flat only
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A _ N/A N/A
Welding position N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A

Notes:

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Guided Bend Test (QW-160)

| __Figure Number and Type Result Figure Number and e Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
None None
None None
Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194
Radiographic test results: None
Welding test conducted by: _AXH air-coolers, LLC
Mechanical/Radiographic tests conducted by: _Sherry Laboratories Lab test no.: _10071155-001-v1

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the

requirements of Section IX of the ASME code.

centteany____ e o [ ANV

Organization: AXH air-coolers, LLC

STEVED. LITTLE

7/28/2010  QC MANAGER
Date .

WPQ IX - C - WPW 2010.1.0
Form 2009 Rev. 0



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: GOURD, STEVE Stamp: _UU
Test WPS No.: P1-P1-02 Rev.. 0  WPQNo.: _P1-P1-02
Welding process(es) / type(s) used: _GMAW / Semiautomatic and FCAW / Semiautomatic

Date: _7/26/2010

Type of joint welded: Pipe Groove weld Joint type(s) qualified: Groove and Fillet Welds

Base metal(s) welded: SA-106, Grade B to SA-106, Grade B

Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 0.375 WPS Limits
Pipe diameter (in.) 2.875 1.00" minimum

GMAVW / Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) 5.18 5.20 5.xx 5.xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>= 3 layers] 0.1875 [N/A] 0.1875 [N/A} 0.2063" maximum 0.3750" maximum
Welding position IGR - Rotated IGR - Rotated Flat only Flat only
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A N/A N/A
Welding position N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
QW-462.3(a) Face bend Satisfactory QW-462.3(a) Root bend Satisfactory
None None
None None
Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194
Radiographic test results: None
Welding test conducted by: AXH air-coolers, LLC
Mechanical/Radiographic tests conducted by: Sherry Laboratories Lab test no.: _10071155-002-v1

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Certified By: ﬂg;g - E D LJ&-AL

STEVED. LITTLE

Organization: AXH air-coolers, LLC

7/28/2010  QC MANAGER
Date

WPQ X - C - WPW 2010.1.0
Form 2009 Rev. 0



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: GOURD, STEVE Stamp: UU

Test WPS No.: P1-P1-03 Rev.. 0  WPQ No.: _P1-P1-03 Date: _7/28/2010

Welding process(es) / type(s) used: _SMAW / Manual

Type of joint welded: Plate Groove weld Joint type(s) qualified: _Groove and Fillet Welds

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X

Base metal thickness (in.) 0.75 WPS Limits

Pipe diameter (in.) N/A 2.875" minimum
SMAW / Manual SMAW / Manual

Backing ** No backing used With or without backing

AWS classification E7018-1

Filler metal specification (SFA) 5.1 5.xx

Filler metal F-No. 4 F 4 (F 1 - F 3 w/backing)

Filler metal product form N/A N/A

Consumable insert N/A N/A

Deposit thickness (in.) [>= 3 layers] 0.75 [Yes] WPS Limits

Welding position 2G - Horizontal Flat & Horizontal

Weld progression N/A N/A

Backing gas N/A N/A

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A

Automatic voltage control N/A N/A

Automatic joint tracking N/A N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing ** N/A N/A

Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Radiographic test results: _Acceptable Per QW-302.2 and QW-191

Welding test conducted by: AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: IRIS NDT Lab test no.: _7/28/2010

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Organization: AXH air-coolers, LLC

Certified By: .ﬂzbut b- L—CQL‘- 7/28/2010 QC MANAGER

STEVED. LITTLE Date

WPQ IX - C - WPW 2010.1.0
Form 2009 Rev. 0



Welder's Name: _GOURD, STEVE
Test WPS No.: P1-P1-14 Rev.: 0

AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Stamp: UU
WPQ No.: _P1-P1-14

Welding process(es) / type(s) used: GTAW / Manual

Welder or Welding Operator Performance Qualification (WPQ)

Date: 7/27/2010

Type of joint welded: Pipe Groove weld

Base metal(s) welded: SA-106, Grade B to SA-106, Grade B

Joint type(s) qualified: _Groove and Fillet Welds

Welder Variables (QW-350) Actual Values Used Range Qualified

P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X

Base metal thickness (in.) 0.375 WPS Limits

Pipe diameter (in.) 2.875 1.00" minimum
GTAW / Manual GTAW / Manual

Backing ** No backing used With or without backing

AWS classification ER70S-6

Filler metal specification (SFA) 5.18 5.xx

Filler metal F-No. 6 ____F-No.6

Filler metal product form Bare (Solid) Bare / metal cored

Consumable insert No insert used Without insert only

Deposit thickness (in.) [>= 3 layers] 0.375 [N/A] 0.7500" maximum

Welding position IGR - Rotated Flat only

Weld progression N/A N/A

Backing gas No backing gas used With or Without backing gas

GTAW welding current / polarity DCEN (straight) DCEN (straight)

Machine Welding Variables (QW-360) Actual Values Used Range Qualified

Direct / remote visual control N/A N/A

Automatic voltage control N/A N/A

Automatic joint tracking N/A N/A

Welding position N/A N/A

Consumable insert N/A N/A

Backing ** N/A N/A

Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
| Figure Number and Type Result Figure Number and Type Result
None None
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Radiographic test results: _Acceptable Per QW-302.2 and QW-191

Welding test conducted by: AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: IRIS NDT Lab test no.: _7/27/2010

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Organization: _AXH air-coolers, LLC

Certified By: ig__.g ~N, L‘g\l&-._

7/27/2010 QC MANAGER

STEVED. LITTLE

Date

WPQIX - C - WPW 2010.1.0
Form 2009 Rev. 0



AXH air-coolers, LLC
401 E. Lowry Road
Claremore. Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: KINZEY, JOHN Stamp: M

Test WPSNo.: PI-P1-01  Rev.. 0 WPQNo.. PI-P1-01 Date: 3/15/2005
Welding process(es) / type(s) used:_SAW /Machine
Type of joint welded: Plate Groove weld Joint type(s) qualitied: Groove a
Base metal(s) welded: SA-516, Grade 70 to SA-316, Grade 70 e :
Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No.1toP-No.1 All base metals
Base metal thickness (in.) T o WPS Limits
Pipe diameter (in.) NA o __All diameters
SAW / Machine SAW / Mach. and Auto.
Backing ** NA _N/A
AWS classification NA . NA
Filler metal specification (SFA) N/A R 7 S
Filler metal F-No. NA - - N/A
Filler metal product form NA N/A m
Consumable insert CNA N/A i
Weld deposit thickness (in.) CNA N/A
Welding position NA N/A
Weld progression . N/A L NA
Backing gas . NA o N/A
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control Direct control used o Direct control required
Automatic voltage control U NA T T NIA o
Automatic joint tracking ... Manualtacking " 'Withor Without auto tracking
Welding position - 1G-Flat o Flat only
Consumable insert NA N/A o
Backing ** Backingused With backingonly
Single / multiple pass per side Multipass _..Single or multipass
Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.
Notes: MACRO ETCH ACCEPTABLE PER ASME SECTION VIII DIV. 1, APP. 28
RANGE: 5/8" TQ 1", 1-1/4" TOQ 2", 1-3/4" TO 2-3/4", 2-1/2" TQ 3-3/4" .
e e Guided Bend Test (QW-160) e
Figure Number and Type | Result Figure Number and Type Result .
QW-462.2 Side bend N Satisfactory QW-462.2 Side bend Satisfactory
...QW-462.2 Side bend ; Satisfactory QW-462.2 Side bend ... Satistactory
None R None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194 .
Radiographic test results: None
Welding test conducted by: AXH air-coolers, LLC e R
Mechanical/Radiographic tests conducted by: Metallurgical Services ~~~~ Labtestno.

We certify that the statements in this record are correct and that the test coupons were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME code.

Organization: AXH air-coolers. LLC

), L;Q—\mww - 3/14/2005  QC MANAGER

~ STEVED.LITTLE Date

Certified By:

WPQ IX - C - WPW 20160.1.0
Furm 2004 Rev. 0




AXH air-coolers, LLC
401 E. Lowry Road
Claremore. Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: KINZEY, JOHN  Stamp: M

Test WPS No.: PIOH-PI0H-04 ~ Rev.. 0  WPQNo.: PIOH-PI0H-04 Date: 6/28/2005
Welding process(es) / type(s) used: SAW / Machine
Type of joint welded: Plate Groove weld Joint lypu(s) qualified: (m)ove and Fxllet Welds
Base metal(s) welded: SA-240, Grade S31803 to SA—740 _Grade S31803 o i
Welder Variables (QW-350) Actual Values Used Range Qualified
P-orS-Numberto P-orS-Number  P-No. I0HtoP-No.10H .. All base metals
Base metal thickness (in.) 2.3 o WPS Limits
Pipe diameter (in.) .. NA . B _ All diameters
, _SAW/Machine _SAW/ Mach. and Auto. )
Backing *# R L NA e NIA ..
AWS classification ) N/A o NA T
Filler metal specification (SFA) e NAL . NA .
Filler metal F-No. N/A N/A
Filler metal product form o N . NiA
Consumable insert . N/A N N/A
Weld deposit thickness (in.) . L NA et NIAL
Welding position o NA i i N/A
Weld progression e NIA e e NIA
Backing gas e NA e NA .
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control o Direct control used S Direct control required
Automatic voltage control A Lo NA
Automatic joint tracking oo Manual racking With or Without auto tracking
Welding position AG-Flat . Flatonly
Consumable insert e e NIA B o NA
Backing ** o Backing used . With backing only

Smgle / multiple pass per side Smgle or mulupass

i Fillet Welds: Qualified to make fillet welds ot any size on all base matuml thmknesses and plpe dnamctem of any size.
{*% Welds with backing include fillets and double-welded groove welds.
Notes MACRO ETCH ACCEPTABLE PER ASME SECTION VIII DIV. I, APP. 28
RANGE: 5/8" TO 1", 1-1/4 " TO 2", 1-3/4" TQ 2-3/4", 2-1/2" TQ 3-3/4"

] Guided Bend ’lest (QW—160) . )

4444444444444 Figure Number and Type | Result Result .
QW-462.2 Sidebend | Satisfactory Satisfactory
QW-462.2 Side bend - v | QW-4622 Side bend Satisfactory

None None

Visual examination results: Vlsual exam saustactory per QW-302.4 and QW-194

Radiographic test results: None e e

Welding test conducted by: AXH air-coolers, LLC ) = ——

Mechanical/Radiographic tests conducted by: Bennett Testing e Lab test no.: 6/28/05

We certify that the statements in this record are correct and that the test coupons were prepared. welded. and tested in accordance with the
requirements of Section 1X of the ASME code.

Organization: AXH air-coolers. LLC

Certified By: 6‘-&(, b L‘&—k&n... 6/28/2005  QC MANAGER

""" STEVED.LITTLE Date

WPQ IX - C - WPW 2010.1.9
Form 2005 Rev. 0




AXH air-coolers, LL.C
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)

Welder's Name: BLAN, RYAN D.
Test WPS No.: _P1-P1-02 Rev.: 0

Stamp: 6D
WPQ No.: _P1-P1-02

Welding process(es) / type(s) used: GMAW / Semiautomatic

Date: 1/24/2011

Type of joint welded: Plate Groove weld

Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70

Joint type(s) qualified: Groove and Fillet Welds

Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. | P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 0.375 WPS Limits
Pipe diameter (in.) NA_ o 2.875" minimum

GMAW / Semiauto GMAW / Semiauto
Backing ** No backing used With or without backing
AWS classification ER70S-6
Filler metal specification (SFA) 5.18 Sxx _
Filler metal F-No. 6 F-No. 6
Filler metal product form NA - N/A o
Consumable insert N/A N/A o
Deposit thickness (in.) [>=3 layers] 0.375 [N/A] _ 0.4125" maximum
Welding position ; 2G - Horizontal Flat & Horizontal
Weld progression _ _NA o N/A o
Backing gas No backing gas used ~ With or Without backing gas )
GMAW / FCAW transfer mode _Short-circuitingarc Short-circuiting arc )
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control . NA N/A
Automatic voltage control N/A N/A _
Automatic joint tracking L NA - N/A ]
Welding position N/A _ N/A
Consumable insert L NA . e NA
Backing ** NA o . N/A -
Single / multiple pass per side N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base matenal thlcknesses and pipe dlameters o-f any size.
** Welds with backing include fillets and double-welded groove welds.

Notes: . e B R
»_ . Guided I Bend Test _LQW-IGO) L
Figure Number and Type _ Result 1 _ _Figure Number and Type Result

| QW-462.3(a) Face bend Satisfactory QW-462.3(a) Rootbend __ | = _ _Satisfactory -
| _None . ) ______ _None _ o
| . _Nome | ____ __None R S I
Visual examination results: Visual exam satlsfactory per QW-302 4 and QW-194
Volumetric test results: None e e e o
Welding test conducted by: AXH alr-coolers, LLC _ o
Mechanical/Radiographic tests conducted by: AXH alr-coolers,_LLC _ Labtestno.: 1/24/2011

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME Code.

Certified By:

STE'VE D. LITTLE

Organization: AXH air-coolers, LLC

1/24/2011
Date

QC MANAGER

2011 Form 010 - Format C



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: _BLAN, RYAN D. Stamp: 6D

Test WPS No.: P1-P1-02  Rev.. 0 WPQNo.: P1-P1-02 Date: _8/12/2011
Welding process(es) / type(s) used: GMAW / Semiautomatic and FCAW / Semiautomatic
Type of joint welded: _Plate Groove weld Joint type(s) qualified: Groove and Fillet Welds
Base metal(s) welded: SA-516, Grade 70 to SA-516, Grade 70
Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 0.75 WPS Limits
Pipe diameter (in.) N/A 2.875" minimum

GMAW / Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) 5.18 5.20 5.xx 5.xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>= 3 layers] 0.25 [N/A] 0.5 [Yes] 0.2750" maximum WPS Limits
Welding position 2G - Horizontal 2G - Horizontal Flat & Horizontal Flat & Horizontal
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A N/A N/A
Welding position N/A NA_ N/A N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
None None
None None

Visual examination results: _Visual exam satisfactory per QW-302.4 and QW-194

Volumetric test results: None

Welding test conducted by: AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: AXH air-coolers, LLC Lab test no.: _8/12/2011

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME Code.

Organization: _AXH air-coolers, LLC

Certified By: g?tﬁ - ; ;(,,,M—\ — 8/12/2011  QC MANAGER
STEVE D. LITTLE Date

2011 Form 010 - Format C



AXH air-coolers, LLC
401 E. Lowry Road
Claremore, Oklahoma 74017

Welder or Welding Operator Performance Qualification (WPQ)
Welder's Name: HUTCHINSON, EDGAR Stamp: AB

Test WPSNo.: P1-P1-02 Rev.. 0  WPQNo.: P1-P1-02 Date: 1/23/2012
Welding process(es) / type(s) used: _GMAW / Semiautomatic and FCAW / Semiautomatic
Type of joint welded: Plate Groove weld Joint type(s) qualified: _Groove and Fillet Welds
Base metal(s) welded: _SA-516, Grade 70 to SA-516, Grade 70
Welder Variables (QW-350) Actual Values Used Range Qualified
P- or S-Number to P- or S-Number P-No. 1 to P-No. 1 P-1 thru P-15F,P-34 & P-4X
Base metal thickness (in.) 1 WPS Limits
Pipe diameter (in.) N/A 2.875" minimum

GMAW / Semiauto | FCAW / Semiauto GMAW / Semiauto FCAW / Semiauto
Backing ** No backing used Backing used With or without backing With backing only
AWS classification ER70S-6 E71T-1
Filler metal specification (SFA) 5.18 5.20 S.xx 5.xx
Filler metal F-No. 6 6 F-No. 6 F-No. 6
Filler metal product form N/A N/A N/A N/A
Consumable insert N/A N/A N/A N/A
Deposit thickness (in.) [>=3 layers] 0.25 [N/A] 0.75 [Yes] 0.2750" maximum WPS Limits
Welding position 2G - Horizontal 2G - Horizontal Flat & Horizontal Flat & Horizontal
Weld progression N/A N/A N/A N/A
Backing gas No backing gas used | No backing gas used W/WO backing gas W/WO backing gas
GMAW / FCAW transfer mode Short-circuiting arc Spray arc Short-circuiting arc Spray, Pulsed, or Globular
Machine Welding Variables (QW-360) Actual Values Used Range Qualified
Direct / remote visual control N/A N/A N/A N/A
Automatic voltage control N/A N/A N/A N/A
Automatic joint tracking N/A N/A N/A N/A
Welding position N/A N/A . NA N/A
Consumable insert N/A N/A N/A N/A
Backing ** N/A N/A N/A N/A
Single / multiple pass per side N/A N/A N/A N/A

Fillet Welds: Qualified to make fillet welds of any size on all base material thicknesses and pipe diameters of any size.
** Welds with backing include fillets and double-welded groove welds.

Notes:
Guided Bend Test (QW-160)
Figure Number and Type Result Figure Number and Type Result
QW-462.2 Side bend Satisfactory QW-462.2 Side bend Satisfactory
None None
None None

Visual examination results: Visual exam satisfactory per QW-302.4 and QW-194

Volumetric test results: None
Welding test conducted by: AXH air-coolers, LLC

Mechanical/Radiographic tests conducted by: AXH air-coolers, LLC Lab test no.: _1/23/2012

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of Section IX of the ASME Code.

Organization: AXH air-coolers, LLC

Certified By: _Mlﬂﬂsn__ 123/2012  QC MANAGER

STEVED. LITTLE Date

2011 Form 011 - Format C



Duraflow Industrial Louvers

e Aluminum or Galvanized Steel Construction
» Built to Heavy Duty Airtech Standards

« Optional API 661 Compliance
* Bolted or Welded Construction
* Internal Mechanism / Actuation

» Bug Screens & Hail Guards

 Wire Cloth
 Expanded Metal
* Vinyl

 Fan Guards
 Recirc Doors with Frames

o Short Lead Times

« Built to Customer Specifications

o Competitive Pricing - E—
IRTECH rroducts, Inc.

» Domestic or Export Crating P.O. Box 790
Sand Springs, OK 74063

S
~—
2
=
=
N
<
S
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S
s

Phone: 918-241-0264
Fax: 918-241-0270
Email: info@airtechinc.biz




Technical Information / Standard Configurations

Aluminum Frame (extrusion):
Aluminum Frame (folded sheet):
Galvanized Steel Frame:

Blades:
Blade Pins:

Aluminum:

Stainless Steel:
Torque Tube:
Actuator Rod:
Actuator Lever Arm:

Clevis:

Clevis to Arm Connecting Link:

Assembly Hardware:

Cap Screws:

Nuts:

Bearings:

6063-T5

3003-H14

A653-G90 Carbon Steel
(Mechanical Galvanized Finish)
6063-T6 Aluminum

6061-T6 Aluminum
303 Stainless Steel
6063-T6 Aluminum
6063-T6 Aluminum
6061-T6 Aluminum

1018 Carbon Steel
6061-T6 Aluminum

ANSI/ASME 18.2.1 Grade 5, Zinc Plate

Locking nut, Performance Spec IF1/100,
MIL/N/25027, Light Hex, Standard Height, Zinc Plate

Glass Filled Nylatron, (Per API Specification 661)

Y
Series 300 %
* 3 %” Frame 3.3/4"
e 4” Blade
_ Vv
Y
Series 400 %
e 4” Frame 4
e 4” Blade
Y
Series 700 I:l

e 7'%” Frame 7 1/2"

672" Blade

6 1/2"

Series 740
e 7'%” Frame
e 4” Blade

A | m—

71/2"

Series 1000
« 10 '2” Frame
6 '.” Blade

A | —

6 1/2"

10 1/2"

A

Airtech Products, Inc., P.O. Box 790, Sand Springs, OK 74063
Phone: 918-241-0264, Fax: 918-241-0270
Email: info@airtechinc.biz



AIRTECH PRODUCTS, INC.

P.O. Box 790 918-241-0264 (Phone)
8101 West 16" Street 918-241-0270 (Fax)
Sand Springs, OK 74063

Email: info@airtechinc.biz

Duraflow Industrial Louvers

Installation and Maintenance Instructions

PRE-INSTALLATION ACTIVITIES:

1.

2.

3.

With the louver crate resting firmly on either saw horses or a smooth and level area at
grade, remove packing crate top and sides.

Make a visual inspection of the louver frame, blades and all linkages/drive mechanisms
to ensure there was no shipping damage.

Various small parts needed to connect the drive linkages are shipped in a separate and
smaller cardboard box. Keep this box at hand but out of the way and in a safe place.
Inspect the mounting surface of the cooler giving particular attention to ensure it
provides uniform support of the louver perimeter and that it is structurally adequate to
support all static and dynamic loadings.

a. If the louver is to be mounted in a horizontal configuration, it is CRITICALLY
IMPORTANT to ensure the mounting surface is uniform and level to +/- .25” over
20'. Airtech louvers are manufactured to precise tolerances and bolting to an off-
level surface will cause binding in the moving parts. This will result in
inconsistent operation, shorten product life and can cause permanent damage
that voids the manufacturers warranty.

b. If the louver is to be mounted in a vertical configuration, the installer must confirm
there will be uniform support / attachment to the mounting surface at spacing not
greater than 18" centers on the louver perimeter flange. Failure to do so may
result in bending of the louver frame and inconsistent operation, a shortened
product life and can cause damage that voids the manufacturers warranty.

Take a moment to visualize the installation and plan the placement of individual louver
sub-assemblies.  Although all louver installations involve essentially the same
procedure, any given application will have some unique characteristics. Some projects
will require louver sections to link together at the side via torque tube connectors while
others may link together at the ends via end links on the actuator rod. Small projects
may require neither type of connection while large projects will require both.

Open the cardboard box of small parts and confirm all the necessary pieces are at
hand. Depending on the application, this could be torque tube couplings, actuator rod
end links, grade level operator components, clevises, etc. Please note, unless the
louvers are to be attached via angle clips, the actual attachment hardware won'’t be
included in the louver shipment.

Most of the time, louver installation is easiest done using self-drilling speed screws, 4" x
1¥4” long, fine thread. Ensure a screw is in place on all corners and not greater than 18”
centers around the louver perimeter. Simply drill through the louver flange into the host
structure making sure the screw is completely pulled down tight. If retaining clips is your
preferred method of attachment, please review to “Reference A” for instructions on use
and installation.
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MOUNTING & ATTACHMENT

1. Hoist the louver (or first louver sub-section) into place making sure the lift is well
supported around the perimeter. DO NOT ALLOW THE LOUVER TO RACK or
excessively bend during the lifting process.

a. For horizontal applications, set the louver onto the mounting surface and
visually confirm 100% of the perimeter is supported and resting flat upon the top
of the cooler. Make sure the operating mechanism travels freely through the
entire range of motion and there is no interference from complete shut to
complete open. If the louver is supplied in multiple sections, install the section
with the operator first and perform the motion/operation test noted above.
Square the louver to the cooler as best you can but above all, be sure the louver
remains square — do not force to the louver out of square to accommodate the
cooler., THE LOUVER MUST BE SQUARE to operate properly. After
confirming the louver is properly placed relative to the mounting surface (and to
other subsequent sections, if applicable), install a self-drilling screw at each
corner and at no greater than 18" centers along all flanges. If applicable, hoist
subsequent sections into place and following the above instructions, attach each
to the host structure. DO NOT STEP ON LOUVER BLADES AT ANY TIME. If
you must step out onto the louver, use dimension lumber or plywood as a
walking surface.

b. For vertical applications, hoist the louver (or first louver section) into place and
after checking for clearance on moving parts, attach to the cooler with a self
drilling screw at each corner and at no greater than 18” spaces along all flanges.
Install all attachment screws before releasing hoist cables or hoisting device to
ensure the louver is fully attached and there is no deflection in the louver frame.
If applicable, hoist subsequent sections into place and following the above
instructions, attach each to the host structure.

2. If the louver is supplied in multiple sections, remove the connecting links / couplers
from the shipping box and install them as required at the ends of actuator rods and
torque tubes. End link installation instructions are detailed as attached “Reference
B” and Torque Tube coupling installation instructions are detailed as attached
“Reference C”.

3. When all sections are installed and connected, test the drive mechanism to ensure it
moves freely, without binding or interference. On very large louvers with multiple
sections, this may require use of a lever. Small to average size louvers should easily
operate by hand strength on the torque tube.

4. Complete the installation by attaching any remaining components such as pneumatic
actuator or grade level operators. Detailed installation instructions for actuator can be
found in its shipping carton. For instructions on grade level operators, see attached
“Reference D".

5. After installing any remaining operators, complete the installation process by cycling the
louver several times to ensure it moves freely, without interference and isn’t binding at
any location. Some adjustment of end links may be required to ensure all louver blades
open and shut consistently down the entire length of the louver.

6. Check all attachment fasteners to ensure all are properly tightened and completely
engaged to the louver flange.

7. If applicable, check all end link connections and torque tube couplers to ensure they are
properly tightened and fasteners are completely engaged.
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MAINTENANCE INSTRUCTIONS (Annual)

1.

2.

Visually inspect all blade pins to ensure the pin bearings are in place and do not
have unacceptable wear.

Visually inspect all connections between blade horns and actuator rod to confirm all
connecting bearing, bolts and nuts are in place and not showing unacceptable
wear.

Visually inspect all attachment screws to ensure none have backed off or are
missing.

. If dirt or grease buildup is excessive, clean louver blades and operating

mechanisms with high pressure clear water wash.

Operate any manual levers or grade level operators to confirm all are in good
working order and move freely without binding or interference.

If actuators are installed, visually inspect the mounting bolts to ensure all are tight
and in place. Visually inspect the condition of all connecting links, the clevis and
clevis pin.

Visually inspect all actuator rod end links and torque tube connectors to confirm all
are in place and properly engaged.

Remove any leaves or other debris that may have collected in corners or between
the louver blades and integral hailguards.

RECOMMENDED SPARE PARTS LIST

agbhwhE

Item Description Suggested Quantity
Blade horn bearing, bolt and nut kit 1 per 5 Ft"2 louver area
Actuator rod end link kit 1 per 2 connections
Torque Tube couplings 1 per 2 torque tube connections
Blade Pin and Pin Bearing kits 5 per 10 Ft"2 louver area

Manual handle kits 1
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AIRTECH Products Inc.

Reference A

MOUNTING CLIF DETAIL

LWE
f SIDE FRAME

HoLD Dows ELIF

— CLIP HAS |"LG SioT
To AvLow UERTH:LL
uﬂ-‘l‘
CUSTOMERE.
SioE FRAME 2
m_| «FF* 2
Yo 21" sioT — _‘_?
A= _-I-
s hgﬁ..z:a '
2" ALUM. ANGLE
P.O. BOX 790

SAND SPRINGS, OK 74063

(918) 241-0264
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Reference B l_,_ A

LOUVER 5E.£Trﬂﬂi

.‘h_ir LouvER BLADE

e ,..
- SR ~
( I (-
W\ || I k:\
e e Do

” __— LouvER _BLADE HQEH

—— END LINK

1. Position blades in each lowver J’\L‘.THHTUF. ARGLE

gsection to same percent of opening.

2. Insert End Link through slots in R
leuver section end frames. SECTION: A-A

3. Install BEnd Link by attaching to
louver actuator rods using the 1/4"
bolts and locknuts provided.

END LINKES ARE $3.25 each including bolts & nuts.

AIRTECH

INDUSTRIAL SHUTTERS

EMND LINK 1M5TALLA.TIC:M_

Cust.
Date Thrgy - 700-4
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Reference C

/:FQUVEE FRAMES

INSTALLATION

1. Attach louver section "A" to
BETUCEUrE.

2. Remove 5/18" bolt and nut from end
of Conn. Collar where section "B"
torque tube will attach.

3. 5lide section "B" torque tube into
Conn. Collar as section "B" is
placed into position on structure.

&, Attach sectien "B" teo structure.

5y Holes in Comn. Collar and torque

tube are pre-drilled at factory to
assure propér opening and closing
of louver blades.

before replacing 5/16" beolt and nut
toe Conn. Collar and section ""B"

Be gure all louver
blades are in same percent of openlng

g -

¢|‘_—_—_ﬂ /
|
|
I

Iif

5, M
L LTS

TorRPUE TuBE CoNM. COLLAR

torgue tube,

AIRTECH

INDUSTRIAL SHUTTERS

Connecting Collar Installation

Cust.

Date

Dwg.  700- 4
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Reference D

zi 16"
SIDE LEVER
LOWWER,
END LEVEE ‘}, A

y

D DiMension (BY cusT)

FL L

L Sl

BRACKET WITH HANDLE = %$45.00 _J Lz

AIRTECH

INDUSTRIAL SHUTTERS

MAMULAL CRADE LEVEL OPERATOR

Cust.
Date . 700=5




1 Page8 January 6, 2003

6" Reference E

éT g .

MANUAL OPERATOR DETAIL

(1) = Marnual Operator Bracket.

(2) = Manual Operator Handle,

(3) = Manual Operator Handle Spring.
(4) = Manual Handle Nut,

(5) = Manual Handle Clamp Bolt & Mut.
[6)= Set Screw

(7) = 3/8" dia. all-thread.

AIRTECH

INDUSTRIAL SHUTTERS

MANUAL OPERATOR FARTS

Cust.
Date Dwg. 700 - 3
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Reference F
AIRTECH PRODUCTS, INC.

P.0. Box T90 918-241-0284 (Phone)
8101 West 16™ Street 918-241-0270 (Fax)
Sand Springs, OK 74063

Louver Materials of Construction

Aluminum Frame (extrusion): 6063 T5
Aluminum Frame (folded sheet): 3003 H14
Galvanized Steel Frame: AB53-G90 10 Ga. Carbon Steel
(Mechanical Galvanized Finish)
Blades: B0683-T6 Aluminum
Blade Pins:
Aluminum: 6061-T6 Aluminum
Stainless Steel: 303 Stainless Steel
Torque Tube: 6063-T6 Aluminum
Actuator Rod; B063-T8 Aluminum
Actuator Lever Arm: 6061-T6 Aluminum
Clevis: 1018 Carbon Steel
Clevis to Arm Connecting Link: 6061-T6 Aluminum
Assembly Hardware:
Cap Screws: AMNSI/ASME 18.2.1 %4-20, Grade 5, Zinc Plate
MNuts: Mylon Insert lock nut, Performance Spec IFI/100,

MIL/M/25027, Light Hex, Standard Height, Zinc Plate
Bearings: Glass Filled Nylatron, (Per AP| Specification 661)



1 Page 10 January 6, 2003

ontech Products, Tne. Reference G
2.0, Box 790

FrOF Wese 7624 Street PIT-E237-026F Phone
Sand Springs, OF 74065 $15-231-0270 T

| LOUVER PRESSURE DROF CURVE

PRESSURE DROP - INCHES W.C.
o

004t

0 250 500 750 1000 1250 1500 1750 2000
AIR VELOCITY - FPM

DENSTTY RATTIO = 1.0

Corrected Pressure Drop Across The Louvers As A
Function of Air Speed Within The Wind Tunnel.




HAirtech

PRODUCTS, IRC.

Pressure Drop vs Degree of Opening
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Outstanding performance. M u tl -Wl n g

Multi-Wing Z Series Fans feature a unique airfoil
profile blade design that produces a most efficient

L ]
combination of high air volume, low power S e r l es Fa. n S ™

consumption and low noise.

Strong, lightweight components.
Injection molded engineered thermoplastic or cast
aluminum blades and pressure die cast aluminum
hubs are strong and lightweight—resulting in less
wear and stress on motors and bearings.

Z Series applications include:

HVAC

Engine cooling
Heat exchangers
Evaporators
Cooling towers

Flexible choices.
Z Series Fans are available in diameters from 16"
to 49", 5 corrosion-resistant blade materials,
configurations from 3 to 16 blades and pitch
angles from 20 to 50°, making them easily
customized to your application.

Exceptional
efficiency by
design.

Muiri-Wing =

Fan blades for virtually every |
air-moving application.



Multi-Wing®

Series Fans.

Put application specific, budget friendly Z Series
Fans together with short lead times, emergency
service, engineering support and no restrictions on
minimum order size, and you've got the whole
package. Contact us for all the details.

The Multi-Wing System Design Matrix

Fan Series H B Aluminum

Blade twisted twisted  increasing twisted
Prufile airfoil alrfoll arg airfoil
10 3-16 2-16
Diareter  7-29" B -TA" 24m-40" 749"
adjustable  adjustable  adjustable
pitch piteh or fixed pitch

225500 20035 20°-50°
all off higivway al

H Series Fan 7 Series Fan

X Series Fan 67 Series Fan

Aluminum H & 7 Fan

Selection Guide
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45 =0

1140 RPM
i | I
iy
n 17 1
= :': )l
£ =
R o
{% 1.1
R
=
o w l“.,
L
5 i
won T
t )
i 1 +
5 R 15 in 3 o k-3 41 45 m ti]
Flow (000 CFM)
) 1750 RPM
g a5
= |
1}
E 28
E an
18
% 10
o 0
o [}
ﬁ -] as 40
in Flow (000 CFM)
> 2100 RPM
=
[
=
o
=
h]
L
2
(=1
=
g ] n L il o3 @

Example for ordering

Flow (000 CFM)

45 6

30/612/30/PPG/4ZR/SH/.B75/AS
|— Boss or Bushing

Fan Diametar
Mo, of Bladas
Hulr Size

Blade Pitch Angle

Blace Material

Fan blodes for virtually every
uir-moving application.

Burton, Ohio 44021
Fhone: 440-834-9400

Fax: 440-834-0449

Location
Bora
Bushing Type
Dvrection of Raotation
Blace Typs

For flange mounting, specify boll patiern {pilot hala diameter, number of bolts, bolt hala size, balt circle diameter),

CROWLEY oo

ST : = 15030 Berkshire Industrial Parkway
COMPANY, INC.
Toll Free: 800-311-8465

Web Site: www.crowleyfans.com
E-Mail: engineering@crowleyfans.com

Mate: Spacifications subjact ta change without notice,



Multi-Wing®

Series Fans.

Features:

High efficiency

Low noise

Lightweight

High strength

Corrosion resistant
Flexihility to customize
Diameters from 16 to 49"

& & % % & & &

Z Series Fan Specifications

Blade Material Symbeol Temperature Range Maximum Tip Speed ﬁppllt:aliqn Duty
Glass Reinforced Polypropylens PPG A0 F to +185° F 320 ftfsec Standard Material
Glass Relnforced Nylon PAG -50° F to +250° F 395 ftsec Heawy Duty, Engine Driven
“Super Tuff" Mylon PAGST -50° F to +250° F 395 ftfzec Extreme Vibration
Electro Antl-Static Mylon PAGAS -40° F to +250° F 395 fi/sec Hazardous Conditions
Die Cast Aluminum AL -B0° F to +300° F 275 ftfsec Temperature Extremes

All materials are comoslon reslstant and spark proof on Impact.
PAGAS blades are suitable for underground mining, oil and gas platforms, chemical processing plants, or any application where there is potential for an explosion.

From 3 blades o 16 blades, 16" in diameter fo 49°, there's a Crowfey Z Series Fan to fit your HUACG,

angine coofing, chemical duly or severe duty application.

CROWLEY

COMPANY, INC.

F.0. Box 425 = 15030 Berkshire Industrial Parloway = Burton, Ohio 44021
Phone: 440-834-3400 = Toll Free; 800-311-8465 = Fax; 440-834-0448
Web Site: www.crowleyfans.com + E-Mail: engineering@crowleyfans.com

Fan blodes for virtwally every
ir-maving application.



Multi-Wing® Z Series

DIRECTION OF
AIRFLOW

FLANGE MOUNT

STRAIGHT BORE
BOSS POSITION “A”

2.83

STRAIGHT BORE
BOSS POSITION “B”

TAPER LOCK
BUSHING

Fan Specifications

TAPER LOCK

BUSHING

TAPER LOCK
BUSHING

TAPER LOCK
BUSHING

BOSS ON AIR BOSS ON AR POSITION “AS” POSITION “BS” POSITION “AR” POSITION “BR”
INTAKE DISCHARGE
Hub Dimensions
NO. OF BLADE MAXIMUM INSIDE OUTSIDE
SOCKETS MOUNTING BORE MAXIMUM HUB RETAINER HUB SPACER BOLT CIRCLE  BOLT CIRCLE
IN HUB TYPE DIAMETER FAN DIAMETER  DIAMETER PILOT THICKNESS  DIAMETER DIAMETER DIAMETER
(Inches) 4z* 52** E G T X | 0
5 Shaft Mount 1/2—1-1/4 30.0 40.6 5.69 217 0.25 2.88 N/A 5.47
Shaft Mount 1-3/8 30.0 40.6 5.69 217 0.25 2.88 2.50 5.47
Flange Mount Custom 30.0 40.6 5.69 217 0.25 2.88 N/A 5.47
7 Shaft Mount 1/2—1-7/8 31.5 422 7.32 2.95 0.27 4.62 N/A 6.85
Flange Mount Custom 31.5 422 7.32 2.95 0.27 4.62 N/A 6.85
8 Shaft Mount 1/2—1-7/8 347 453 10.49 2.95 0.27 7.60 6.93 9.84
Flange Mount Custom 34.7 45.3 10.49 2.95 0.27 7.60 6.93 9.84
9 Shaft Mount 1/2—1-7/8 32.1 429 7.87 2.95 0.27 5.20 N/A 7.44
Flange Mount Custom 32.1 429 7.87 3.74 0.27 5.20 N/A 7.44
12 Shaft Mount 1/2—1-7/8 353 46.0 11.02 2.95 0.35 8.20 7.28 10.45
Flange Mount Custom 35.3 46.0 11.02 6.69 0.35 8.20 7.28 10.45
16 Shaft Mount 1/2—1-7/8 39.0 497 14.76 2.95 0.31 12.00 11.02 14.21
Shaft Mount 1/2—2-1/4 39.0 497 14.76 3.54 0.31 12.00 11.02 14.21
Flange Mount Custom 39.0 497 14.76 9.45 0.31 12.00 11.02 14.21
Shaft Mounting Boss Dimensions Blade Dimensions
NO. OF BLADE BOSS MOUNT V (+/-0.1")
SOCKETS MOUNTING BORE BOSS BOSS BOLT CIRCLE
IN HUB TYPE DIAMETER LENGTH DIAMETER  DIAMETER
(Inches) L B M BLADE e e s v A e
PROFILE 20° 25° 30° 325 35 375 40° 45 50
5 Straight Bore 5/8—7/8 1.65 1.73 N/A
Straight Bore 15/16—1-1/8 2.44 2.05 N/A 4Z  0.47 059 075 0.79 0.87 0.94 1.02 1.14 N/A
JA Taper Lock 1/2—1-1/4 0.75 213 N/A 52 N/A 0.67 0.87 0.98 1.06 1.14 1.22 1.34 1.50
H Taper Lock 1-3/8 1.00 2.88 2.50
7,8,9,12,16  Straight Bore 1/2—5/8 1.22 1.10 3.54 H(+/-0.1")
Straight Bore 5/8—3/4 1.65 1.57 3.54
Straight Bore 7/8 2.05 1.77 3.54 BLADE
Straight Bore 1—1-3/16 244 2.01 354 PROFILE 20° 25° 30° 325 35 375 40° 45 50
Straight Bore 1-1/4—1-7/8 2.44 2.87 3.54
G/JA Taper Lock 1/2—1-1/4 0.91 2.87 3.54 4z 1.14 1.38 157 1.69 1.77 1.85 1.93 2.05 N/A
SH/P1/SD Taper Lock ~ 1/2—1-7/8 1.50 3.23 3.54 5Z N/A 1.65 1.89 2,01 2.09 220 2.32 2.48 2.64
8,9,12,16 SK/SF Taper Lock 1/2—2-1/4 1.77 5.00 433

* Add 0.9" to the diameter for 4Z aluminum blades.

** Subtract 0.5 from the diameter for 5Z aluminum blades.
For severe duty corrosive applications, aluminum hubs can

be supplied with protective coatings and stainless steel
fasteners. Contact factory for available coatings.

Shaft surfaces should be clean before installation.

Metric bore and shaft sizes also available. Contact factory

for availability.

All specifications are subject to change without notice.
Please contact the factory for the latest specifications.

Example for ordering
30/612/30/PPG/4ZR/SH/.875/AS

Fan Diameter
No. of Blades
Hub Size
Blade Pitch Angle

Blade Material

|— Boss or Bushing

Bore

Bushing Type

Direction of Rotation
Blade Type

For flange mounting, specify bolt pattern (pilot hole diameter, number of bolts, bolt hole size, bolt circle diameter).



CROWLEY

COMPANY INC.

Multi-Wing Z Series Fans
Blade Pitch Angle Setting Instructions

Before You Beqin:

To maintain balance of fan:

e  Mark the hub castings across a joint, so the fan hub can be reassembled in the same orientation.

e Mark the location of any balancing weight. Balancing weight will be on the outer bolt circle, in the
form of washers, and/or longer bolts, or an additional balancing nut.

e Number the blades and blade sockets, so that they are replaced into their original position.

If possible, note the location of the pitch setting pin in the blade socket, and whether pin is located in the
Hub or Retainer half of the fan (see step 7 for detailed definition).

Step 1 — Determine Blade Type: “4Z”, “5Z”, or “6Z”

If the blade is wider at the tip than at the base near the hub, then you have a 6Z.

Otherwise, look for 4Z or 5Z markings on blade which are in one of two places:
Look on cone section at base of blade (visible when fan is assembled), or
Look inside the bottom of the socket (blade must be removed from hub).

Alternatively, measure the width of the blade at the widest portion at base of blade:
47 blade is approximately 4-1/2 inches
5Z blade is approximately 5-1/4 inches.

Step 2 — Determine Rotation Code: “L” or “R”

For all fans, if the fan rotates clockwise facing air discharge, it is an R rotation. Otherwise, it is an L
rotation.

For 47 and 5Z blades, the rotation code is molded into the blade. The location of the rotation code is
either on the cone section at base of blade, or inside bottom of the socket. It is the letter R or L after the
47 or 57 molded into the blade.

Example drawings are below for 4Z blades, and 5Z is similar. Viewing socket end of blade, rotation is:

R, or clockwise L, or counterclockwise

P.0O. Box 425, 15030 Berkshire Industrial Parkway, Burton, Ohio 44021
Phone 440-834-9400 Fax 440-834-0449



Crowley Company - Z Series Pitch Setting Instructions - Page 2 of 4

Step 3 — Determine Boss location code: “A” or “B”

The boss is the center section of the hub through which the fan is mounted to the shaft, and typically
contains either setscrews or a center-tapered hole where the bushing inserts.

Select boss location A or B:
A is the boss on air inlet, including A, AR, and AS configurations.
B is the boss on air discharge, including B, BR, and BS.

See examples in drawing below.

For flange mounted (engine) fans, use boss location A for R rotation fans, and boss location B for L
rotation fans.

DIRECTION OF AIRFLOW

FLANGE MOUNT  BOSS POSITION "A" BOSS POSITION “"B”  BOSS & BUSHING BOSS & BUSHING BOSS & BUSHING BOSS & BUSHING
SETSCREW MOUNT  SETSCREW MOUNT POSITION "AS" POSITION "AR" POSITION "BR"  POSITION "BS"

BOSS ON AIR BOSS ON AIR BOSS ON AIR BOSS ON AIR BOSS ON AIR BOSS ON AIR

INTAKE DISCHARGE INTAKE INTAKE DISCHARGE DISCHARGE

Step 4 — Find Blade Pitch Angle: 20, 25, 27.5, 30, 32.5, 35, 37.5, 40, 45, or 50

The blade pitch angle can be found several ways:

First, by knowledge of the Multi-Wing fan part number.
The pitch angle precedes the blade material code in the part number. For example, the pitch angle is
30 degrees in this part number: 36/9-9/30/PPG/5ZR/AS SH 1-3/8.

Second, by careful disassembly with this method:

e Disassemble fan on flat surface, and note in which groove the pin is
located. See number code in picture to the right.

e Using pictures in step 7 on next page, determine if the pin was in the
hub (HUB) or retainer side (RET) of fan.
Using table in step 6 below, find the possible blade pitch.

e Using table in step 5 below, select your blade angle based on whether
your pin was in the HUB or RET.

Third, by calling a sales engineer at Crowley Company for assistance in selecting a blade pitch angle for
your application.

P.0O. Box 425, 15030 Berkshire Industrial Parkway, Burton, Ohio 44021
Phone 440-834-9400 Fax 440-834-0449



Crowley Company - Z Series Pitch Setting Instructions - Page 3 of 4

Step 5 — Determine Hub/Retainer Code: “HUB” or “RET”

Find “HUB” or “RET” in chart below:

Rota- Boss Blade Pitch Angle

Type tion Pos. 20° 25° 27.5° 30° 32.5° 35° 37.5° 40° 45° 50°
47 RorlL A RET RET - RET RET HUB HUB HUB HUB -
47 RorlL B HUB HUB - HUB HUB RET RET RET RET -
57 RorlL A RET - RET RET RET HUB HUB HUB HUB
5Z RorlL B - HUB - HUB HUB HUB RET RET RET RET
6Z R A RET RET HUB RET HUB RET
6Z R B HUB HUB RET HUB RET HUB
6Z L A HUB HUB RET HUB RET HUB
6Z L B RET RET HUB RET HUB RET

Step 6 — Determine Groove Number: 1 or2 or 3 or 4

Find the groove number in chart below:

Rota- Blade Pitch Angle
Type  tion 20° 250 27.5° 30° 32.5° 350 37.5° 40° 45° 50°
47 R 4 3 - 2 1 4 3 2 1 -
47 L 1 2 ; 3 4 1 2 3 4 -
57 R - 4 - 3 2 1 4 3 2 1
57 L ; 1 - 2 3 4 1 2 3 4
6Z R 1 2 1 3 2 4 - - - -
6Z L 1 2 4 3 3 4 . - -

Step 7 — Final Assembly

Definition of HUB and RET for purposes of these instructions:

For 2-piece hubset like below:

Top half is the HUB, and bottom half is the RET or retainer ring.

P.0O. Box 425, 15030 Berkshire Industrial Parkway, Burton, Ohio 44021
Phone 440-834-9400 Fax 440-834-0449
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Step 7 — Final Assembly continued

For 3-piece hubset as below:

Top two pieces together are considered the HUB, and bottom piece is considered the RET or retainer ring.

Using the HUB or RET code found in Step 5:

If code is HUB, place the hub down on work surface first (one or two pieces, depending on above).
If code is RET, place one retainer ring only down on the work surface first.

A weighted coffee can could be used to elevate the fan from the work surface.

Using the Groove Number found in Step 6:

Using picture to right, place the locking pin in the groove number that you
found in Step 6 above.

Finally, Insert Blades:

e Place the blade over the pin in the hub/retainer blade socket, so that the
pin also fits into the appropriate pitch angle groove in the blade. See
example picture to the right.

For 6Z fans, use the pitch angle groove in the blade marked with your
rotation (R or L) and pitch angle. Example: L35 is “L” rotation and 35-
degree pitch angle.

e Repeat for all blades.
e Assemble hubset together, aligning the match marks you made.
e Replace any balancing weight to its original position.

e To finish, tighten the bolts in a cross pattern to 5 to 6 foot-pounds of torque.

P.0O. Box 425, 15030 Berkshire Industrial Parkway, Burton, Ohio 44021
Phone 440-834-9400 Fax 440-834-0449



Airtech

PRODUETSES,;, INGC.

Durastroke Pneumatic Actuators

Heavy Duty Construction

Durable Cast Aluminum Housing

Available for “extreme duty” temperatures & climates
Mounting Versatility

Some models available with Fisher DVC Positioner
Long life diaphragms

Low maintenance

Short Lead Times AIRTECH Products, Inc.
Competitive Pricing Tulsa, OK 74127
. . . h : - -
. Various spring rates available Fax. 018.2410270

www.airtechproducts.com




Technical Information

Parameter
356-T6 Alum Housing
303 S.S. Travel Stem

Piston

Includes Clevis
Clevis Material

Diaphragm

Available Force
3-15 Spring
6-30 Spring

Stem Travel

Consumption (full stroke)
At positioner

Weight
With positioner
Without positioner

Spring
Extreme duty available

Use w/Air or Sour Gas
Lubrication Required

Model
60 Series 120 Series
yes yes
yes yes
356-T6 Alum 356-T6 Alum
yes yes
Zinc Plate Zinc Plate

Polyester Fabric w/Nitrile

18# (20 psi) 36# (20 psi)
36%# (40 psi) 72# (40 psi)
4” 6”

.01 scfm .03 scfm

.3 scfm (40 psi)

8.25# 1475 #
6.25 # 12.75 #
Zinc Plate Zinc Plate
Optional Optional
yes yes
no no

1000 — 2000 Series

yes
yes

NA

yes
6061-T6 Alum

Nitrile / EPDM
320 #
NA
NA
3.5
.5 scfm
.25 scfm
44 #
42 #
17-7 SS
Optional

Optional
no

Airtech Products, Inc., 1550 S. 81°' W. Avenue, Tulsa, OK 74127

www.airtechproducts.com

Phone: 918-241-0264, Fax: 918-241-0270
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(4) 7/16" DIA.BOLT HOLES
ON 27/8"BOLT CIRCLE

Parameter

Housing:
Travel Stem:
Includes Clevis:
Clevis Material:
Available force:
Stem Travd:

Consumption (Full Stroke)

At positioner
Weight

Witih Positioner:

Without Positioner
Spring
Extreme duty available
Use w/Air or Sour Gas
L ubrication Required

356-T6 Alum.

303 Stainless Sted
Yes

6061-T6 Aluminum
320#

3.5"

.5 scfm

.25 scfm

44 L bs.
42 Lbs.
17-7 Stainless Stedl
Optiona
Optional
No

AIRTECH PRODUCTS, INC.

Dwg. Name:
DURASTROKE 1100 DETAIL
Date: By: .
9-25-06 Miller
Customer: File #

AIRMOTOR
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(4) 3/8"-16 UNC MOUNTING
HOLES 3/4" DEEP ON 2 1/2" CENTERS

Parameter
Housing:

Travel Stem:
Piston:

Includes Clevis:
Clevis Materidl:

Available force
3- 15 Spring
6 - 30 Spring

Stem Travd:

Consumption (Full Stroke)

At positioner
Weight

Witih Positioner

Without Postioner
Spring
Extreme duty available
Use w/Air or Sour Gas
L ubrication Required

356-T6 Alum.
303 Stainless Sted
356-T6 Alum.
Yes

Zinc Plate

18#
36#
4II
.01 scfm

.3 scfm (40 ps)

14.75 Lbs.
12.75 Lbs.
Zinc Plated
Optiona
Yes

No

AIRTECH PRODUCTS, INC.

Dwg. Name:
DURASTOKE 120 ACTUATOR
Date: By: .
9-21-06 Miller
Customer: File #
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(4) 3/8"-16 UNC MOUNTING
HOLES 3/4" DEEP ON 2" CENTERS

Parameter

Housing:

Travel Stem:

Piston:

Includes Clevis:

Clevis Materidl:

Available force
3- 15 Spring
6 - 30 Spring

Stem Travd:

Consumption (Full Stroke)

At positioner
Weight
Witih Positioner

Without Positioner

Spring

Extreme duty available
Use w/Air or Sour Gas
L ubrication Required

356-T6 Alum.
303 Stainless Sted
356-T6 Alum.
Yes

Zinc Plate

18#
36#
4II

.01 scfm

.3 scfm (40 ps)

8.25 Lbs.
6.25 Lbs.
Zinc Plated
Optiona
Yes

No

AIRTECH PRODUCTS, INC.

Dwg. Name:
DURASTOKE 60 ACTUATOR
Date: By: .
9-21-06 Miller
Customer: File #
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1. INTRODUCTION

This and the following instruction address the more common situations encountered in motor
installation, operation and maintenance. For the TWMC motor warranty to be and to remain in
effect, the motor must be installed and operated in strict accordance with the outline drawing,
motor nameplates and these instructions and must not be altered or modified in any unauthorized
manner.

During the installation and operation of motors in heavy industrial applications there is a danger of
live electrical parts and rotating parts. Therefore to prevent injury and/or damage the basic
planning work for installation, transportation, assembly, operation, etc... needs to be done and
checked by authorized and competent personnel only.

Since these instructions cannot cover every eventuality of installation, operation and
maintenance, the following points should be considered and checked.

e The technical data and information on permissible use such as assembly, connection,
ambient and operating conditions given in the related catalogue, operating instructions,
nameplates and other production documentation.

e The general erection and safety regulations.

e The local and plant-specific specifications and requirements.

e The proper use of transport, lifting devices and tools.

e The use of personal protective equipment.

Following indications should be observed when reading these instructions.

Safety instructions are marked as follows:

A Warning of electric hazards for personnel.

A Warning of dangers for personnel.

ATTENTION!
Warning of damage for the motor or installation.




2. ACCEPTING, INSPECTION, STORAGE, TRANSPORTATION

Inspection upon receipt
Check to following points upon receipt:

e Are the nameplate ratings identical with what you ordered?
e Are dimensions and color in compliance with your specifications?

e Are the nameplate ratings for space heater, thermal protector, temperature detector, etc.
identical with what you ordered?

e Is there any damage?
e Are all accessories and accompanying instruction manuals in good order?
e Please ensure that the arrow head indicator really indicates direction of rotation.

e If there are any specific requirements, please ensure they are in conformity with your
specifications.

2.1 Storage
When motors are not in operation, the following precautionary measures should be undertaken to
assure best performance.

2.2 Place
(a) High and dry, well ventilated without direct sun, dust or corrosive gas.
(b) Not located near to a boiler or freezer.
(c) Entirely free form vibration and easy for movements.
(d) Motors should be put on pallets to prevent moisture.

2.3 Moisture prevention

Since moisture can be very detrimental to electrical components, the motor temperature should
be maintained about 3°C above the dew point temperature by providing either external or internal
heat. If the motor is equipped with space heaters, they should be energized at the voltage shown
by the space heater nameplate attached to the motor. Incandescent light bulbs can be placed
within the motor to provide heat. However, if used, they must not be allowed to come in contact
with any parts of the motor because of the concentrated hot spot that could result.

2.4
Even during storage, the insulation resistance should be kept above the specified values.
(a) For measurement of insulation resistance and acceptable standard values, please refer
to measures stated in 3.1.2 “Measurement of insulation resistance”.
(b) Insulation resistance test should be performed once every three months.

2



2.5
If the motor is not in operation for a long period (one week and above) after installation or has
been in operation but stopped for a period of time, the following precautions must be taken.
(a) Protect the motor as measures stated in 2.2.3.
(b) Insulation resistance test should be performed as stated in 2.2.4.

2.6 Bearing protection

(a) If the motor has been provided with a shaft shipping brace to prevent shaft movement
during transit, it must be removed before operating the motor. It is very important that
this brace be re-installed exactly as it was originally, before the motor is moved form
storage or any time when the motor is being transported. This prevents axial rotor
movement that might damage the bearings.

(b) Motors equipped with sleeve bearings are shipped from the factory with the bearing oil
reservoirs drained. In storage, the oil reservoirs should be properly filled to the center of
the oil level gauge with a good grade of rust inhibiting oil. To keep the bearing journals
well oiled and to prevent rusting, the motor shaft should be rotated several revolutions
about every month ensuring the shaft does not come to rest in its original position. While
the shaft is rotating, it should be pushed to both extremes of the endplay.

(c) Motors with anti-friction bearings are properly lubricated with the correct grade of grease
at the factory and no further greasing is required in storage. The shaft should be rotated
several revolutions about every month to maintain proper distribution of the grease within
the bearings.

(d) Tilt-pad bearings are a type of sleeve bearing used in special design applications. Due to
the nature of this bearing, a loose oil ring for delivering lubricant cannot be provided.
Therefore, during the storage internal, oil must be periodically manually introduced into
the pads and housing to prevent the occurrence of oxidation of the precision machined
components.

(1) Remove the pipe plug from the bearing cap located above the tilt-bearing shell.

(2) Pour in approximately one cup of oil every month and rotate the shaft a few
revolutions about every two (2) weeks.

(3) For long periods of storage, the oil that accumulates in the housing should be
removed.

ATTENTION!

Care should be taken to keep parts such as fitting surfaces, key, shaft extension and axial
central hole from any collision with foreign matter. Grease should also be generously
applied to prevent rusting.

2.7 Transportation

To keep the rotating parts of motors from moving, thus preventing damage and scratching during
transportation, they should be held securely with a locking device. Remove all transit clamps
before operating the motor. It is very important that this device be reinstalled exactly as it was
originally, before the motor is moved from storage or any time when the motor is being
transported. The vertical mounting type motors should be transported in the vertical position.

3




Do not use the hoisting hook/eyebolts to lift more that the motor itself. They are
designed to support the motor only. Make sure the hoisting hook is correctly
attached to the eyebolt(s)/lug(s) are fully screwed in before hoisting. Also note
such parts as fan cover, ventilation box, bracket, slip-ring, etc. may have their own
hoisting lugs which can only carry their own weight. Nothing extra should be
attached while hoisting.

Do not twist the steel wires and make sure the eyebolts have been firmly screwed
and the sling angle is correct.

Suspension rod

45

max.

45(- max.

3 INSTALLATION

Site and environment for motor installation
3.1.1
Standard environment and site conditions for the installation of motors are usually set as follows:
(a) Ambient temperature: -10~40°C
(b) Humidity: Relative humidity below 90%RH for totally enclosed types, and below 80%RH
for semi-enclosed types.
(c) Elevation: below 1000 meters or 3300 feet.
(d) Harmful gases, liquids, dusts, high moisture should be absent.
(e) Foundations should be strong and free of vibration.
If there are any special environmental conditions, please inform TWMC prior o ordering.

3.1.2 Ventilation and space
(a) Installation area should be well ventilated.
(b) The installation space should be large enough to facilitate heat dissipation and
maintenance.

3.2 Foundation

3.2.1

Use rigid and solid sole plate or common bed as foundation.

For best motor performance, it is advisable to use a sole plate or common bed, particularly when
using a shaft coupling.



Bearing stand Bearing stand  Coupling Motor Coupling
Motor i
I Load machine. \ Load machine

[ |

!

Common bed

Fig. 2 Common bed

3.2.2 Installation

(a) Select an appropriate foundation surface for the sole plate or common bed, which will be,
considered the ultimate level.

(b) Align the position of the common bed with reference to that level.

(c) Align the level accuracy at least at four points such as bearing mounting, shaft extension
etc. The accuracy should be within 0.04mm or .0015 inches

(d) Sole plate or common bed should be embedded in concrete foundation as illustrated in Fig.
3. Stiff pads should also be installed beneath the wedges, which are welded together at
various spots about 400-500mm (15.75-19.70 inches) apart etc., to enable the foundation
to carry evenly the weight of the whole motor.

(e) The base should be sturdy and rigid to keep it Wedge
flat and level. Discontractive Pad
(f) Make sure the mortar and concrete are Mortar \ /
completely dry, and the precision of the level is '

acceptable, and then set the motor on the
mounting foundation.

(9) Accurately install shaft couplings, belt sheaves
etc., then weld the wedges solid to prevent Fig. 3 /

untoward change in position.

Concrete foundation Welding spots

3.2.3 The foundation of vertical induction motors: (Also the foundation of pump)
(a) Foundation of motor/pump must be rigid and secure to provide adequate support. There
must be no vibration, twisting, misalignment etc. due to inadequate foundations.
(b) A massive concrete foundation is preferred in order to minimize vibration. Rigidity and
stability are enhanced by prop plate and foundation bolt. As shown in Fig. 4.
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Installation of vertical motors:
(a) All mounting surfaces must be clean and level.

Motor

Motor support

Base foundation

(b) Foundation must be leveled at least at 4 points and guaranteed to be below 0.04mm

(.0015in.) flat and level.

(c) Make sure the mortar and concrete are completely dry, and the precision of the level is
acceptable, and then set the motor on the mounting foundation.
(d) Accurately install shaft couplings.

3.3 Installation of shaft coupling

ATTENTION!

Motors must always be accurately aligned, and this applies especially where they are

directly coupled.

Incorrect alignment can lead to bearing failure, vibration and even shaft fracture. As soon
as bearing failure or vibration is detected, the alignment should be checked.

3.3.1

Field application of a coupling to the motor shaft should follow the procedures recommended by
the coupling manufacturer. The motor shaft extension must not be subjected to either extreme
heat or cold during coupling installation.

ATTENTION!

Basically, the coupling should be heated and pushed onto the shaft extension with slight
axial force. Do not hammer coupling to prevent bearing damage.

3.3.2

Although the sleeve bearings are equipped with thrust faces, these are intended only to provide
momentary axial restraint of rotor movement either during start-up or when operating the motor
disconnected from the driven equipment. They must not be operated under a constant thrust

load unless they were originally designed for this condition.
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Motors with either sleeve or anti-friction bearings are suitable for connection to the driven load
through a flexible coupling. Coupling solidly to the load is not acceptable. With sleeve bearings,
the flexible coupling should be of the limited end float type to prevent the possibility of any end
thrust from load being transmitted to the motor bearings, which could cause bearing damage.
The recommended limits of end float are as follows:

End-play indicator
X2 6mm X=6mm —L7

, —I - The value of the red groove is 6mm
Fig. 6

(a) When the motor is in operation after installation, be sure that the end-play indicator is
within the 6mm (.236 in.) of the groove on the shaft or aligned to the shaft shoulder
immediately outboard of the drive-end bearing to assure there is low friction between shaft
and bearing.

(b) Unless otherwise specified, the designed end-play value X of the groove for TWMC
motors in general is within 6mm (.236 in.) as illustrated in Fig. 6. In essence, the endplay
indicator is adjusted to point at the center of the groove or the drive-end shaft shoulder;
thus X equals to 6£1mm or so, and the endplay value (Y) of the couplings should equal or
be smaller than 3mm (.118 in.).

(c) If the desired value Y is grater than 3mmm (.118 in.) caused for instance by a thrust load
and/or load machine with large end-play, please inform TWMC prior to entering an order.

3.3.3

In aligning the motor (and rotor) axially with the driven equipment, consideration should be given
not only to the endplay indicator position but also to axial shaft expansion and increase in shaft
centerline height due to thermal effects. In general, the axial shaft growth for motors can be
disregarded since neither bearing is fixed and any shaft growth due to temperature increase will
produce an elongation away from the coupling.

Shaft height growth (change in shaft centerline elevation) for TEFC machines can be calculated

as follows:
A=(0.0005") x (motor foot to shaft £ dimension)
For non-TEFC machines, divide the number by 2.

3.34
It is desirable, in normal operation that the motor operates on its magnetic center, so that no axial

force is exerted on the coupling.



The motor shaft and the driven shaft should be aligned within the following tolerances in both
angular and parallel alignment:

Unit: mm
TIR Range of rotating speed Solid coupling Flexible coupling
c 2500 rpm and above 0.03 0.03
Below 2500 rpm 0.04 0.05
A 2500 rpm and above 0.03 0.03
Below 2500 rpm 0.03 0.04

Angular misalignment is the amount by which the centerlines of driver and driven shafts are
skewed. It can be measured using a dial indicator set up as shown in Fig. 7. The couplings are
rotated together through 360 degrees so that the indicator does not measure runout of the
coupling hub face. The shafts should be forced against either the in or out extreme of their end
float while being rotated.

NDICATOR BASE iy A
INDIC “§*)«— INDICATOR INDICATOR BASE Py INDICATOR
= =
k9. 7 COUPLING HUBS Fig. 8 COUPLING HUBS

TIR=Total indicator reading (by dial indicator)

Parallel misalignment is the amount by which the centerlines of the driver and driven shafts are
out of parallel. It can be measured using a dial indicator set up as shown in Fig. 8. Again, the
couplings are rotated together through 360 degrees so that the indicator does not measure runout
of the coupling hub outside diameter.

3.3.5

After the motor has been properly aligned with the driven equipment and the hold-down bolts
have been installed and tightened, for motors with fabricated frames, at least two dowel pins
should be installed in two diagonally opposite motor feet.

3.3.6 Installation of shaft coupling: (Vertical hollow shaft motor only)

Bolted Coupling as shown in Fig. 9
(a) Bearings are provided to absorb some upward shaft thrust when the coupling is fitted.
(b) The coupling is fastened with bolts.
(c) This coupling type is not auto-release type.

Note: Standard high thrust motors can absorb momentary up-thrust load up to 30% of the
standard down thrust load. If the up-thrust is long in duration (over 10 Seconds) and/or
exceeds 30% of the standard high thrust rating, special design arrangements are
required and standard motor is not suitable.
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3.3.7 Non-reverse ratchet/coupling, as Fig. 10 (If necessary)
The non-reverse coupling is also a bolted type and,

(a) It prevents the pump and motor from rotating in the reverse direction.

(b) It also prevents damage form over speeding and damage to pump shaft and bearings.

(c) The ratchet pins are lifted by the ratchet teeth and are held clear by centrifugal force and
friction as the motor comes up to speed.

(d) When power is removed, speed decreases, and the pins fall. At the instant of reversal, a
pin will catch in a ratchet tooth and prevent backward rotation.

(e) When installing the non-reverse coupling, do not use lubricant. Lubricant will interfere with
proper operation. The top half of the coupling should seat solidly on the lower half and the
pins should touch the bottom of the pockets between the teeth in the plate.

(f) As with the bolted coupling, the up-thrust capabilities are 30% of the standard high thrust
rating for down thrust.

Fig. 10

ATTENTION!
Do not apply non-reverse ratchets on applications in which the pump reversal time from
shutdown (the instant the stop button is pressed) to zero speed is less than one second.

3.4 Installation for belt drive

In general, power transmission though direct flexible coupling is appropriate for large motors.
Such motors are not suitable for belt, chain or gear connection unless specially designed for such
service. However, for small and medium motors of which outputs within the ranges shown on
table below, it is acceptable to use belt transmission as indicated. Beyond these ranges, do not
apply belt sheaves unless specially designed.

34.1

The diameter ratio between conveyance sheaves should not be greater than 5 to 1 for flat belts,
and 8 to 1 for V-belts. It is also advisable to limit the belt velocity to under 35m/sec (115 ft/sec) to
limit belt abrasion and vibration. The smaller the outer diameter of the V-belt sheave, the greater
the shaft bending stress will be. If the bending stress is in excess of the shaft fatigue stress, the
shaft may break. Therefore, please inform TWMC when you have decided the size of the
sheaves and the length of the belts upon ordering.

9




ATTENTION!

Place the sheave and belt as close as possible to the motor
body (it is advisable to make x as shown in Fig. 11 equal to 0)

V-belt sheave
B &

to reduce the bending moment and improve shatft life. - Fig. 11
3.4.2 Table of belt-sheave application for general electric motors
Output V-Belt Sheave
(KW/HP) Conventional V-Belts Narrow V-Belts
V-Belt Number Min. Max V-Belt | Number Min. Max
4P 6P 8P Type Of PCD Width Type Of PCD Width
Belts (mm) (mm) Belts (mm) (mm)
11/15 - - B 4 160 82 3V 4 125 48
- 11/15 - B 5 170 101 3V 5 140 59
- - 11/15 B 5 190 101 3V 6 160 69
15/20 - - B 5 170 101 3V 6 125 69
- 15/20 - B 5 224 101 3V 6 160 69
- - 15/20 C 4 224 111 5V 3 180 60
18.5/25 - - B 5 200 101 3V 6 140 69
- 18.5/25 - C 4 224 111 5V 3 180 60
- - 18.5/25 C 5 224 136 5V 4 180 78
22/30 - - B 5 224 101 5V 6 160 69
- 22/30 - C 5 224 136 3V 4 180 78
- - 22/30 C 5 250 136 5V 4 200 78
30/40 - - C 5 224 136 5V 4 180 78
- 30/40 - C 5 265 136 5V 4 224 78
- - 30/40 C 6 265 162 5V 5 224 95
37/50 - - C 6 224 162 5V 4 200 78
- 37/50 - C 6 265 162 5V 4 224 78
- - 37/50 C 7 280 187 5V 5 250 95
45/60 - - C 6 265 162 5V 4 224 78
- 45/60 - C 7 280 187 5V 5 224 95
- - 45/60 C 7 315 187 5V 6 250 113
55/75 - - C 7 265 187 5V 5 224 95
- 55/75 - C 8 300 213 5V 6 250 113
- - 55/75 D 5 355 196 5V 6 280 113
75/100 - - C 8 315 213 5V 6 250 113
- 75/100 - D 6 355 233 5V 6 315 113
- - 75/100 D 6 400 233 5V 6 355 113
- 90/120 - D 6 400 233 5V 6 355 113
- - 90/120 D 6 425 233 8V 4 355 124
- 110/150 - D 7 400 270 8V 4 355 124
- 132/175 | 110/150 D 7 450 270 8V 4 400 124
- 160/200 | 132/175 D 9 450 344 8V 4 450 124

3.5 Conveyance with chain or gear

3.5.1

Make sure the loading capacity of shaft and bearings is appropriate for the size and installation
position (overhung) of chain and gear. If necessary, please contact us to ensure the shaft and
bearings will meet your requirements.
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3.5.2
Pay close attention to ensure the parallelism of shafts.

3.5.3
The teeth of couplings should be correctly and precisely matched; the force conveyance
centers should lie on the same line.

354
There should be no skip, jumping, vibration or unusual noises.

ATTENTION!

Do not hammer the conveyance devices such as couplings, belt sheaves, chain wheels,
gears etc. onto the shaft. Those shaft fitments should be fitted and removed only by
means of suitable devices. Heat shrinking may be a better alternative to avoid damaging
bearings and components.

A The exposed rotating parts should be covered to prevent accidents.

3.6 Electrical connections

All interconnecting wiring for controls and grounding should be in strict accordance with local
requirements such as the USA National Electrical Code and UK |IEE wiring regulations. Wiring of
motor and control, overload protection and grounding should follow the instructions of connection
diagrams attached to the motor.

3.6.1 Power
The rated conditions of operation for the motor are as shown on the nameplate. Within the limits,
given below, of voltage and frequency variation from the nameplate values, the motor will
continue to operate but with performance characteristics that may differ from those at rated
conditions:

+10% of rated voltage

15% of rated frequency

+10% combined voltage and frequency variation so long as frequency variation is

no more than +5% of rated.
Operating the motor at voltages and frequencies outside of the above limits can result in both
unsatisfactory motor performance and damage to or failure of the motor.

3.6.2
The main lead box furnished with the motor has been sized to provide adequate space for the
make-up of the connections between the motor lead cables and the incoming power cables.
The bolted joints between the motor lead and the power cables must be made and
insulated in a workman-like manner following the best trade practices.
3.6.3
Either fabricated motors or fan cooled cast frame, motors are all provided with grounding pads or
bolts.

A The motor must be grounded by proper connection to the electrical system ground.
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3.6.4

The rotation direction of the motor will be as shown by either a nameplate on the motor or the
outline drawing. The required phase rotation of the incoming power for this motor rotation may
also be stated. If either is unknown, the correct sequence can be determined in the following
manner: While the motor is uncoupled from the load, start the motor and observe the direction of
rotation. Allow the motor to achieve full speed before disconnecting it from the power source.
Refer to the operation section of these instructions for information concerning initial start-up. If
resulting rotation is incorrect, it can be reversed by interchanging any two (2) incoming cables.

3.6.5 Auxiliary devices
Auxiliary devices such as resistance temperature detectors, thermocouples, thermoguards, etc.,
will generally terminate on terminal blocks located in the auxiliary terminal box on the motor.
Other devices may terminate in their own enclosures elsewhere on the motor. Such information
can be obtained by referring to the outline drawing. Information regarding terminal designation
and the connection of auxiliary devices can be obtained from auxiliary drawings or attached
nameplates.
If the motor is provided with internal space heaters, the incoming voltage supplied to them must
be exactly as shown by either a nameplate on the motor or the outline drawing for proper heater
operation.
Caution must be exercised anytime contact is made with the incoming space
heater circuit as space heater voltage is often automatically applied when the
motor is shutdown.

4. OPERATION

4.1 Examination before start
41.1
When motors are installed in good manner, ensure the wiring is according to the diagram. Also,
the following points should be noted:
(a) Make sure all wiring is correct.
(b) Ensure the sizes of cable wires are appropriate and all connections are well made for the
currents they will carry.
(c) Ensure all connections are properly insulated for the voltage and temperature they will
experience.
(d) Ensure the capacity of fuses, switches, magnetic switches and thermo relays etc. are
appropriate and the contactors are in good condition.
e) Make sure the frame and terminal box are grounded.
f) Make sure that the starting method is correct.
g) Make sure switches and starters are set at their right positions.
h) Motor heaters must be switched off when the motor is running.

o~~~ A~

4.1.2 Measurement of insulation resistance

During and immediately after measuring, the terminals must not be touched as they

A may carry residual dangerous voltages. Furthermore, if power cables are
connected, make sure that the power supplies are clearly disconnected and there
are no moving parts.
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(a) For rated voltage below 1000V, measured with a 500VDC megger.
(b) For rated voltage above 1000V, measured with a 1000VDC megger.
(c) In accordance with IEEE 43, clause 9.3, the following formula should be applied:

Rated voltage (v)

R ( 1000 +1) x 10(MQ)

(d) On a new winding, where the contaminant causing low insulation resistance is generally
moisture, drying the winding through the proper application of heat will normally increase
the insulation resistance to an acceptable level. The following are several accepted
methods for applying heat to the winding:

(1) If the motor is equipped with space heaters, they can be energized to heat the
winding.

(2) Direct current (as from a welder) can be passed through the winding. The total current
should not exceed approximately 50% of rated full load current. If the motor has only
three leads, two must be connected together to form one circuit through the winding.

In this case, one phase will carry the fully applied current and each of the others, one-
half each. If the motor has six leads (3 mains and 3 neutrals), the three phases should
be connected into one series circuit.

A Ensure there is adequate guarding so live parts cannot be touched.

(3) Heated air can either blown directly into the motor or into a temporary enclosure
surrounding the motor. The source of heated air should preferably be electrical as
opposed to fueled (such as kerosene) where a malfunction of the fuel burner could
result in carbon entering the motor.

ATTENTION!

Caution must be exercised, when heating the motor with any source of heat other than self
contained space heaters, to raise the winding temperature at a gradual rate to allow any
entrapped moisture to vaporize and escape without rupturing the insulation. The entire
heating cycle should extend over 15-20 hours.

Insulation resistance measurements can be made while the winding is being heated.
However, they must be corrected to 40°C for evaluation since the actual insulation
resistance will decrease with increasing temperature. As an approximation for a new
winding, the insulation resistance will approximately halve for each 10°C increase in
insulation temperature above the dew point temperature.

(e) Should the resistance fail to attain the specified value even after drying, careful
examination should be undertaken to eliminate all other possible causes, if any.

4.1.3 Power Source
(a) Ensure the capacity of the power source is sufficient.
(b) Ensure the supply voltage and frequency ratings are identical to those on the nameplate.
(c) Voltage variation should be confined to within £10% of the rated value and the phase to
phase voltages should be balanced.
13




4.1.4 Bearing lubrication

(a) For sleeve bearing motors, the oil reservoir must be filled with oil to the correct level. On
self-lubricated bearings, the standstill oil level will be at the center of the oil gauge. The
proper oil is a rust and oxidation inhibited, turbine grade oil. Refer to the lubrication
nameplate for the recommended viscosity.

(b) Motors, which are supplied with provision for flood lubrication, have an inlet orifice to
meter the oil flow to the bearing. Refer to the outline drawing for these values. If the
supply pressure does not match that stated on the outline, the orifice size must be
adjusted to produce the specified flow rate. The drain adapter (also provided) has a weir
plate fixed to the inside of the pipe to permit the establishment of the proper oil level. This
weir plate must be located at the bottom of the pipe and must be parallel to the plane of
the motor feet. To ensure optimum flow, the drain line should be vented to the

atmosphere.
Oil inlet temperature: Normal below 50°C
Alarm 60°C
Trip 65°C

(c) If the motor is in storage for over three (3) months, refilling of some new oil should be
undertaken before operation to prevent bearing damage due to dry friction. The oil level
should be kept at the center of the oil gauge. If necessary, drain some oil after refilling.
(d) Motors that have been designed with anti-friction bearings for use with an oil mist
lubrication system have been packed at the factory with a small amount of grease for short
test runs. Continuous running should not be considered unless the oil mist system is
installed and operating.
(e) Grease lubricant type
(1) The bearings have been well greased at the factory before delivery. However,
regreasing is required if a significant period has elapsed between manufacture and
use or in storage

(2) All motors with ZZ bearings will have SHELL Alvania R3 (Lithium base grease). All
motors with open bearings will have Polyrex EM (polyurea base grease).

4.1.5 Cooling water for the cooler on water-cooled motors
Make sure the quality, volume and inlet temperature of cooling water for the motors are normal
before the machine is in operation.
Water: General tower water or industrial water.
Volume: Please see outline drawing
Inlet temperature: Normal below 30°C
Alarm 35°C
Trip 40°C

ATTENTION!
Make sure all locks, which fasten the movable parts of the motors during transportation,
are dismantled and the shaft can rotate freely.

ATTENTION!
Ensure there is no foreign matter or tools inside the motors before starting motors.
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4.1.6
Make sure the transmission system, including belts, screws, bolts, nuts and set pins are in good
condition.

The keys fitted to the shaft extensions are held by plastic tape only to prevent

A them from falling out during transportation or handling. The shaft key shall be
removed to avoid flying out, when the motor is operated prior to the couplings etc.
being fitted to the shaft extension.

4.1.7

Make sure the items above are examined. Test the motor running with or without load. Record
and check according to “Maintenance” at 15-minute intervals during the first three hours of
operation. Then regular examinations should take place at longer intervals. If all goes well the
motor can be classified as “in good order”.

4.2 Starting operation

4.2.1 Starting load

Initially run the motor unloaded prior to coupling to other machines. Unless otherwise specified, a
motor usually starts with light load, which is then gradually increased, proportional to the square
of the speed and at last reaches 100% load at full load speed.

4.2.2 Starting
Too frequent starts can be harmful to the motors. The following restrictions should be observed:
(a) Motor can be restarted should the initial start fail. Two starts are generally permissible
when the motor is cold.
(b) Motor can be started only once when it is at normal running temperature.
(c) Should additional starts be necessary beyond the conditions stated above, the following
restrictions should be noted:
(1) Let the motor cool down for 60 minutes before restarting, fully loaded.
(2) Let the motor cool down for 30 minutes before restarting, unloaded.
(3) Two inching starts can be regarded as one normal start.

ATTENTION!

If the motor rotor fails to start turning within one or two seconds, shut off the power
supply immediately.

Investigate thoroughly and take corrective action before attempting a restart.

Possible reasons for not starting are:

(1) Too low a voltage at the motor terminals.

(2) The load is too much for the rotor to accelerate.
(3) The load is frozen up mechanically.

(4) All electrical connections have not been made.
(5) Single-phase power has been applied.

(6) Any combination of the above.
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4.2.3 Rotating direction
(a) Most TWMC motors are bi-directional. However, when some special types, such as high
speed 2-Pole, certain large capacity motors, those with a non-reversing ratchet etc.,
should rotate in one direction, please ensure the rotation is in conformity with the
directional arrow-mark shown on the attached nameplate.
(b) To reverse a bi-directional motor, cut the power and wait until the motor stops. Then
interchange any two of the three phases.

4.2.4 Power source, Voltage, Current
(a) Ensure the voltage and frequency of the power source are identical to the ratings shown
on the nameplate.
(b) Voltage variation should be confined to within £10% of the rating and the three phase
voltages should be in full balance
(c) Ensure the motor phase currents, when without load, are within £5% of the average
values.

4.2.5
Frequency variation should be confined to within £5% of the rating. The aggregate variation of
voltage and frequency should be confined to within £10% of the absolute value of the ratings.

Starting time and unusual noises

ATTENTION!

Starting time is longer for the motors with large inertia. However, if starting time is longer
than usual or if there is difficulty in starting, or there is abnormal noise, do not run the
motor and refer to TWMC Service representative.

4.2.6 Sleeve bearing oil rings (sleeve bearing types only)
As the oil ring is used to carry lubricant to sleeve bearings, frequently check to ensure the oil ring
is in motion.

4.2.7 Bearing temperature rise
Following the initial start-up, the bearing temperatures should be closely monitored. The rate of
rise in bearing temperature is more indicative of impending trouble than is the actual temperature.

ATTENTION!

If the rate of rise in temperature is excessive or if the motor exhibits excessive vibration or
noise, it should be shut down immediately and a thorough investigation made as to the
cause before it is operated again.

If the bearing temperature rise and motor operation appear to be normal, operation should
continue until the bearing temperature stabilizes.

Recommended limits on bearing temperature are as follows:
Sleeve Bearings Total measured temperature
e By permanently installed detector 90°C
e By temporary detector on top of the bearing 85°C
sleeve near the oil ring
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Anti-Friction Bearings Total measured temperature
e By permanently installed detector 100°C
e By temporary detector measuring the outside 95°C

of the bearing housing

ATTENTION! (For sleeve bearing)

(1) It must be noted that when operating flood lubricated sleeve bearings without outside
lubrication supplied, the bearing temperature must not be allowed to exceed 85°C total
temperature

(2) Under normal condition, for the self-lube bearing, the rate of temperature rise should
be from 11 to 14°C for the first ten (10) minutes after starting up and approximately
22°C at thirty (30) minutes. The rate of bearing temperature rise is a function of the
natural ventilation and operating conditions.

(3) When the rate of bearing temperature rise is less than 1°C per half-hour, the bearing
temperature is considered to be stabilized.

(4) If the total bearing temperature exceeds 95°C, the motor should be shut down
immediately.

Noise and Vibration

ATTENTION!

Any abnormal noise or vibration should be immediately investigated and corrected.
Increased vibration can be indicative of a change in balance due to mechanical failure of a
rotor part, a stator winding problem or a change in motor alighment.

5. MAINTENANCE

5.1 Major points in regular inspections and maintenance.
Routine inspection and maintenance are usually performed by looking, listening, smelling and
simple meters.

For safety, maintenance and repairs must only be carried out by properly trained
personnel.

Some testing, such as insulation resistance, usually requires the motor to be
stopped and isolated from power supplie(s).

High temperature may arise under operating conditions on the motor surfaces, so
that touching should be prevented or avoided. Keep away from moving and live
parts. Unless deemed necessary, do not remove guards whilst assessing the
motor.

Timely replacement of worn parts can assure longevity and prevent breakdown.
Routine inspection and regular inspection and maintenance are important in preventing

breakdown and lengthening service life.
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Owing to the varied time and circumstances, motors are used, it is difficult to set the items and
periods for regular inspection and maintenance. However, as a guide it is recommended to be
performed periodically according to factory maintenance program. Generally, the inspection
scope determined by the following factors:

(a) Ambient temperature.

(b) Starting and stopping frequency.

(c) Troublesome parts usually affecting motor functions.

(d) Easily abraded parts.

(e) The important position of motor in the operational system of a factory should be duly
recognized. Therefore, its health and wellbeing should be fully protected especially when
it is operating in severe conditions.

5.2 Motor windings:

(a) Measurement of insulation resistance and standards to determine quality of insulation
resistance, please refer to measures stated in 3.1.2 “Measurement of insulation
resistance”.

(b) Inspection of coil-ends:

(1) Grease and dust accumulated on coils may cause insulation deterioration and poor
cooling effect.
(2) Moisture must not accumulate. Keep coils warm when motor is not in use if moisture
can be seen.
(3) Discoloring. This is mainly caused by overheating.
(c) Ensure no untoward change of wedges from original position.
(d) Ensure the binding at the coil end is in its normal position.

5.3 Clean the interior of the motor:

(a) After a motor is in operation for some time, accumulation of dust, carbon powder and
grease etc., on the inside is unavoidable, and may cause damage. Regular cleaning and
examination is necessary to assure top performance.

(b) Points to note during cleaning:

(1) If using compressed air or blower:
(a) Compressed air should be free of moisture.
(b) Maintain air pressure at 4 kg/cm?, since high pressure can cause damage to coils.

(2) Vacuum
Vacuum cleaning can be used, both before and after other methods of cleaning, to
remove loose dirt and debris. It is a very effective way to remove loose surface
contamination from the winding without scattering. Vacuum cleaning tools should be
non-metallic to avoid any damage to thee winding insulation

(3) Wiping
Surface contamination on the winding can be removed by wiping using a soft, lint-free
wiping material. If the contamination is oily, the wiping material can be moistened
(not dripping wet) with a safety type petroleum solvent. In hazardous locations, a
solvent such as inhibited methyl chloroform may be used, but must be used sparingly
and immediately removed. While this solvent is non-flammable under ordinary
conditions, it is toxic and proper health and safety precautions should be followed
while using it.
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ATTENTION!
Solvents of nay type should never be used on windings provided with abrasion protection.
Abrasion protection is a gray, rubber-like coating applied to the winding end-turns.

Adequate ventilation must always be provided in any area where solvents are
being used to avoid the danger of fire, explosion or health hazards. In confined
areas (such as pits) each operator should be provided with an airline respirator, a

A hose mask or a self-contained breathing apparatus. Operators should wear
goggles, aprons and suitable gloves. Solvents and their vapors should never be
exposed to open flames or sparks and should always be stored in approved safety
containers.

(4) Keep core ducts completely clean. The difference in temperature rise could be
around 10°C before and after cleaning

5.4 Clean the exterior of the motor:
(a) On open ventilated motors, screens and louvers over the inlet air openings should not be
allowed to accumulate any build-up of dirt, lint, etc. that could restrict free air movement.

ATTENTION!
Screens and louvers should never be cleaned or disturbed while the motor is in operation
because any dislodged dirt or debris can be drawn directly into the motor.

(b) If the motor is equipped with air filters, they should be replaced (disposable type) or
cleaned and reconditioned (permanent type) at a frequency that is dictated by conditions.
It is better to replace or recondition filters too often than not often enough.

(c) Totally enclosed air to air cooled and totally enclosed fan cooled motors require special
cleaning considerations. The external fan must be cleaned thoroughly since any dirt
build-up not removed can lead to unbalance and vibration. All of the tubes of the air-to-
air heat exchanger should be cleaned using a suitable tube brush having synthetic fiber
bristles (not wire of any type).

5.5 Maintenance of anti-friction bearings

5.5.1 Frequency of re-lubrication:

The life of grease varies greatly as a result of types of model, revolution speed, temperature,
operational conditions etc. It is, therefore, impossible to be precise about replenishment intervals.
However, for normal direct coupling transmission, the periods shown as Table 1 may be used as
a guide.

Remarks:
(a) The periods shown in Table 1 should be halved where bearings are used for belt drive
and/or in dirty or high ambient temperature or high humidity environments.
(b) Please refer to the lubrication nameplate, if attached to the motor.
(c) For bearing numbers outside the range of Table 1, please contact TWMC
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(d) If the periods referred to in Table 1 for drive-end bearing and opposite drive-end are
different, for the convenience of maintenance operation, please take the shorter one the
required grease replenishment period of these bearings.

5.5.1 Kinds of grease:

All motors with ZZ bearings will have SHELL Alvania R3 (lithium base grease). All motors with
open bearings will have Polyrex EM (polyurea base grease).

Certain T-frame models will utilize special grease and will be noted on the lubrication nameplate.
Please us identical grease or its equivalents when maintaining lubrication schedule.

ATTENTION!

Do not mix different kinds of grease.

Mixing grease with different type of thickeners may destroy its composition and physical
properties. Even if the thickeners are of the same type, possible differences in the
additive may cause detrimental effects.

5.5.2 Grease quantity
The amount of grease per replenishment depends on the type, size and construction of the
bearings. The maximum amount of one replenishment for each bearing is shown in Table 2.

5.5.3 Re-greasing

Q If re-lubrication is to be performed when the motor is running, stay clear of rotating
parts.

It is advisable to re-grease when the motor is running to allow the new grease to be evenly
distributed inside the bearing.

Before re-greasing, the inlet fitting should be thoroughly cleaned to prevent any accumulated dirt
from being carried into the bearing with the new grease. The outlet of grease drainage should be
opened to allow the proper venting of old grease.

Use a grease gun to pump grease through grease nipple into the bearings. After re-greasing,
operate the motor for 10-30 minutes to allow any excess grease to vent out.
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TABLE 1.

Bearing
Number

1000

RPM

3000
RPM

3600
RPM

62XX
63XX
72XX
73XX

6210

12

13

14

15

16

17

18

20

22

24

26

28

30

32

34

36

38

720 Hrs.

Bearing
Number

NU2XX
NU3XX

NU214

15

16

17

18

20

22

24

26

28

30

32

34

36

38

40

44

48

Bearing
Number

1500 1800
RPM RPM

222XX
223XX

22220

22

24

26

28

30

32

300 Hrs.

34

36

38

40

300 Hrs.

44

48

300 Hrs.

2

1




TABLE 2.

Bearing No. Amount of replenishment Bearing No. Amount of replenishment

6210 30g 6310 40 g
6212 40 6312 60
6213 50 6313 80
6214 50 6314 80
6215 60 6315 100
6216 60 6316 100
6217 80 6317 120
6218 80 6318 120
6220 100 6320 160

62XX 6222 120 63XX" 6322 220

72XX 73XX

NU2XX 6224 120 NU223XX 6324 270

29929XX 6226 140 223XX 6326 300
6228 160 6328 400
6230 180 6330 450
6232 200 6332 500
6234 250 6334 600
6236 300 6336 700
6238 350 6338 800
6240 400 6340 900
6244 450 6344 900
6248 500 6348 900

*Fill new grease until it overflows and the old grease is entirely replaced.

5.5.4 Oil re-lubrication (For oil lubrication types only)

Maintain proper lubrication by checking the oil level periodically and adding oil when necessary.
Because of the initial clearing action of the bearing and the expansion of the oil as it comes up to
operating temperature, the oil level will be higher after the motor has been in operation for a while
than it is with the motor at standstill.

Overfilling should be avoided not only because of the possibility that expansion may force the oil
over the oil sleeve and on to the rotor, but also because too high an operating oil level prevents
the bearing form clearing itself of excess oil. The resultant churning can cause extra loss, high
temperatures, and oxidized oil. If, during operation, the oil level goes above the maximum shown
on the sight gauge, drain enough oil to bring the level back within the recommended operating
range. Do not permit the operating level to fall below the minimum shown on the gauge.

ATTENTION!
Should it ever become necessary to add excessive amount of make-up oil, investigate
immediately for oil leaks.

Change the oil at regular intervals. The time between oil changes depends upon the severity of
operating conditions and, hence, must be determined by the motor user. Two or three changes a
year is typical, but special conditions, such as high ambient temperature, may require more
frequent changes. Avoid operating the motor with oxidized oil.

Use only good grade, oxidation-corrosion-inhibited turbine oils produced by reputable oll
companies.
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The viscosity of the oil to be used depends upon the type and size of the bearings, its load and
speed, the ambient temperature, and the amount and temperature of the cooling water (if used)).
The lubrication nameplate or instructions with each motor specifies the viscosity range of oil
suitable for average conditions. The usual oil viscosity range of oil suitable for average
conditions. The usual oil viscosity recommendations are summarized in Table 3. Operation in
ambient temperatures that are near or below freezing may require preheating the oil or the use of
special oil. Whenever the motor is disassembled for general cleaning and reconditioning, the
bearing housing may be washed out with a suitable cleaning solvent. Be sure that the oil-
metering hole is clear, and then dry the housing thoroughly before re-assembly, and ensure all
traces of cleaning solvent have been removed.

TABLE 3 Oil Viscosity**

Bearing function Bearing Qil Viscosity - SSU
and location Type @ 100°F @ 200°F
72XX, 73XX
Angular contact ball 150 45
Thrust Bearing And/or (62XX, 63XX)
Spherical roller 300 53
Plate (Kingsbury Type) 300 53

**Remark: When a lubrication nameplate attached to the motor, use lubrication oil it stipulates.

5.5.5 Cleaning and installation of bearings
(a) Apply the proper amount of grease to the disassembled parts of the bearing after they
have been thoroughly cleaned with high quality cleaning oil. Then protect them from
contamination before and during assembly.
(b) Bearing installation

ATTENTION!
Before installing the bearings, make sure that the shaft mounted parts inside the bearings
are in place before installation.

Since the bearing is a high precision component, it is important to avoid ingression of dust
and foreign matter, and hammering during cleaning and installation. Use extreme care
and insure clean conditions during installation and assembly.

ATTENTION!
The best way for bearing installation is heat shrinking. Knocking and hammering during
installation should be avoided absolutely.

The bearing should be heated in a bath of clean oil at a temperature of approximately
80°C. After warming, slide the bearings in place quickly and nimbly so that it has not
shrunk before being fully in position.

Grease the bearing after the temperature returns to normal, and then reassemble the
motor.
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5.6 Maintenance of sleeve bearings

5.6.1 Daily inspections
(a) Ensure the volume and quality of lubrication oil are in compliance with specifications.

Upper limit

'"E K Standard oil level

ﬂ Lower limit /_

6mm

3

Fig. 12

(b) Ensure there is motion of the oil ring and it is not clamped.

(c) The indicator of the shaft endplay should be restricted within the specified range of the red
groove of the shaft or the £3mm (.118 in.) range of the drive-end shaft shoulder, or the
bearing may be damaged.

Indicator

Red groove

SN

Drive-end
Shaft shoulder

(
7y

5.6.2 Regular examination

(a) Periodical change

of oil

- Z< Fig. 13

The oil reservoirs of self (not flood) lubricated bearings should be drained and refilled about
every six (6) months. More frequent changes may be needed on high speed (3600 rpm)
motors or if severe oil discoloration or contamination occurs. In conditions where
contamination does occur, it may be advisable to flush the reservoir with kerosene to
remove any sediment before new oil is added. Proper care must be taken to thoroughly
drain the reservoir of the flushing material before refilling with the new oil.
Refill the reservoir to the center of oil sight glass with a rust and oxidation inhibited turbine
grade oil. Refer to the outline and lubrication nameplate for the correct viscosity.

(b) Quantity of lubrication oll
Please refer to the lubrication nameplate for oil quantity.

(c) Qil viscosity

(d)

ISO Equivalents Viscosity (SUS/100°F)
VG32 Esso Teresso 32 150
VG46 Esso Teresso 46 200
VG68 Esso Teresso 68 300
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5.6.3 Disassembly

Prior to disassembling, ensure the power supplies are disconnected and there
are no moving parts.

The bearing sleeve is of the spherically seated, self-aligning type. The opposite drive end
bearing is normally insulated for larger motors (or when specified). On some motors, the
insulation is bonded to the spherical seat of the bearing housing.

ATTENTION!
Extreme care must be exercised in removing the bearing sleeve from the insulated support
to avoid damaging this insulation.

The following is the recommended procedure for removing the bearing sleeve:
(a) Remove the oil drain plug in the housing bottom and drain the oil sump.

(b) Remove all instrumentation sensors that are in contact with the bearing sleeve. These
would include resistance temperature detectors, thermocouples, thermometers, etc..

(c) Remove the socket head bolts holding the bearing cap and the inner air seal. The end
cover plate must also be removed if the non-drive end bearing is being disassembled.
Remove the bearing cap and top half of the inner air seal. Place them on a clean, dry
surface to avoid damage to the parting surfaces.

(d) Remove the top half of the bearing sleeve using suitable eyebolts in the tapped holes
provided. Lift the bearing top straight up and avoid any contact with the shoulders of the
shaft journals that might damage the thrust faces of the bearing. Place on a clean, dry
surface taking care to prevent damage to either the parting surfaces or the locating pins
that are captive n the top bearing half.

(e) Remove the screws at the partings in the oil ring and dismantle the ring by gently tapping
the dowel pin ends with a soft face mallet. Remove the ring halves and immediately
reassemble them to avoid any mix up | parts or damage to the surfaces at the partings.

(f) Pull up on the garter spring surrounding the floating labyrinth seal and carefully slip out the
top half. Rotate the garter spring until the lock is visible. Twist counter-clockwise to
disengage the lock, remove the garter spring then rotate the lower half of the seal out of
the groove in the bearing housing. Note the condition of these floating labyrinth seals. If
they are cracked or chipped, they must be replaced. Do not attempt to reuse a damaged
seal.

(g) To remove the bottom bearing half, the shaft must be raised a slight amount to relieve
pressure on the bearing. On the drive end, this can be done by jacking or lifting on the
shaft extension. Protect the shaft. On the non-drive, jacing or lifting can be done using
bolts threaded into the tapped holes provided in the shaft end.
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(h) Roll the bottom bearing half to the top of the shaft journal and then lift it using suitable

(i)

eyebolts threaded into the holes provided. Again avoid any contact with the shaft
shoulders that could damage the bearing thrust faces. Place the lower bearing half on a
clean, dry surface to protect the parting surfaces.

Use extreme care when rolling out the lower bearing half. Keep the hands and
fingers well clear of any position where they might be caught by the bearing half if
it were accidentally released and rotated back to its bottom position. Serious
personal injury could result.

Protect the shaft journal by wrapping it with clean, heavy paper or cardboard.

5.6.4 Re-assembly
Bearing re-assembly is basically a reverse of the disassembly procedures outlined above, with
the following suggestions:

(@)

(b)

(9)

The interior of the bearing housing should be cleaned and then flushed with clean oil or
kerosene.

The bearing halves and the shaft journal should be wiped clean using lint-free cloth soaked
with clean oil.

All parts should be carefully inspected for nicks, scratches, etc., in any contract surfaces.
Such imperfections should be removed by an appropriate method such as stoning,
scraping, filling, etc., followed by thorough cleaning.

Before installing the floating labyrinth seal halves, observe their condition. Do not attempt
to use a cracked or chipped seal. The bottom half seal has a set of drilled holes in its side
face. These must be place at the bottom toward the inside of the bearing so that
accumulating oil may drain back into the housing.

Put a bead of Curil-T around the seal half O.D.’s on both sides adjacent to the garter spring
groove. This will prevent oil by-passing the seal around its outside.

Place the bottom seal half on top of the shaft and roll it into position. Install the top half and
insert the garter spring pulling up on both ends to permit engaging the lock. Run a bead of
Curil-T around the O.D’s on both sides adjacent to the garter spring groove on this half
also.

Carefully reassemble the two oil ring halves. Inspect the dowel pins for burrs and
straightness and make any corrections required. Do not force the ring halves together.
Excessive force may alter the roundness or flatness of the oil ring which can change its oil
delivery performance.

Some of the pipe plugs in the housing are metric thread type. These are identified as
those, which have a copper, lead, or similar material washer. If these plugs are removed,
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be careful not to lose the washers. Before re-assembly, inspect the washers and replace
them as required.

(i) Before installing the bearing cap, observe the position of the floating labyrinth seal. The
“tab” must be on top to engage the pocket. Failure to position the seal properly will result
in damage when the cap is assembled.

ATTENTION!

(1) Curil-T is the only approved compound for use in the assembly of the bearings on this
motor. Other products may harden and impede the operation.

(2) During the re-assembly of the bearing parts, a thin layer of Curil-T should be applied to
all gaskets and machined interface surfaces. This suggestion does not apply to the
machined surfaces of the bearing liner halves.

(3) When seating the bearing shell, apply a thin layer of lube oil at the spherical surface of
the liner. Slowly roll the lower bearing liner into the bearing housing making sure that
the splinted surface of the liner and the housing are flush. Gradually lower the shaft
onto the bearing. The weight of he shaft will help rotate the bearing liner so that the
babbitt surface of the liner will match the slope of the journal. Sometimes it is required
to use arubber mallet to tap lightly on the bearing housing while slowly rolling the
shaft to help this seating operation.

5.7 Maintenance of slip ring (For Wound Rotor Motors only)

Ensure motor is disconnected from power supplies and there are no accessible
moving parts before maintenance operation.

5.7.1 Adjustment of carbon brush
(a) Brush pressure for normal operation:
e Electro-graphite brush.....0.2~0.25 kg/cm?
When frequent vibrations are evident or the brush is small (area below 0.5 cm?), the
pressure should be greater than as shown.

(b) Adjustment of brush pressure:

The brush pressure should be adjusted to keep normal operation as it wears.

e The brush pressure may be reduced after use, so it is necessary to re-adjust. For
adjustment, please turn adjusting screw, pressure adjusting pin or pressure adjusting
plate as shown in Fig. 14 to obtain the correct tension (=0.23 x brush cross sectional
area in cm?) £10% kg.

(c) Brush pressure need not be adjusted if constant force spring is used as shown in Fig. 15

and Fig. 16.
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Pressure adjusting pin

Constant
force

spring

5.7.2 Brush replacement
The carbon brush is a part of the equipment which is easily worn away, replace it after it is worn
to /2 ~ % of original size.
(a) Brush material
The brush material is important to the performance of the motor. Only the most
appropriate materials are chosen by TWMC, and are listed on the nameplate of the motor.
It is important to know this when you replace the brush, so a recommended type is used.
(b) Dimensions
Brush, holder and gap between them, please refer to CNS 2322 C4051 or JIS C2802.

ATTENTION!
The gap between a brush and it holder is important for good performance and safety of the
motor.

(c) Adjustment of new brushes (Shown in Fig. 17)
(1) Polish the new brush with a file until is assumes the appropriate contour of the slip ring
which it touches.
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(2) Place sand-paper (JIS R6252 No. 40...50) on the slip ring with the abrasive face of the
paper against the brush to induce a closer contact by rubbing against each other.

(3) Repeat item 2 with fine sand —paper (JIS R6252 No. 100 to 200) until the contact
surface between brush and slip ring exceeds 80%.

(4) Finally, clean the contaminated slip ring and brush with clean cloth or compressed air.

Slip ring

Carbon brush

N ! Brush holder

t t Emery paper

Fig. 17

5.8 Maintenance of non-reverse ratchet mechanism
(For Vertical high Thrust Motor only)

5.8.1

In the pump piping system, a check valve and a stop valve should be installed in the discharge
line. The check valve, placed between the pump and the stop valve, is to protect the pump from
reverse flow and excessive backpressure. The stop valve is used in priming, starting and when
shutting down the pump. It is advisable to close the stop valve before stopping the pump. This is
especially important when the pump is operated against a high static head.

TWMC vertical high thrust motors are equipped with non-reverse ratchet (N.R.R.) mechanism
only when requested by the pump manufacturer. Typical construction of the N.R.R. mechanism
is shown as Fig 18 below.

The N.R.R. mechanism keeps the pump and motor from rotating in the reverse direction. Thus
prevents damage from over-speeding and damage to water-lubricated pump shaft bearings
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when, on shutdown, the falling water column tends to drive the pump in the reverse direction.
In normal operation, the ratchet pins are lifted by the ratchet teeth and are held clear by
centrifugal force and friction as the motor comes up to speed. When power is removed, the
speed decreases and the pins fall. At the instant of reversal, a pin will catch in a ratchet tooth
and prevent backward rotation.

5.8.2

The service life of ratchet pins depends not only on the reverse shock load between the pin and
ratchet tooth when pump stopped but also the frequency of pump starting and stopping while in
service. Provided that the pins are deformed due to this reverse shock load, then the up and
down motion of the ratchet pins could be sluggish or jammed and that unusual noises shall arise.

The recommended replacement period for these ratchet pins is every three (3) years. If the
reverse shock load is greater than 30% of motor rated torque or the starting frequency is more
than twice per day, then the replacement period should be halved.

ATTENTION!

The check valve and stop valve in the discharge line should be regularly inspected and
maintained to assure the normal function of these valves. This is important to protect the
pump and motor from damage and increase the service life of the N.R.R. mechanism.

P —t - @ 704 104
H N
N ROTATION /
| L | |
& 7/% : 7 2 :
N %z 7 w7
A? 70 JA
DR SECTION A-A
% \N ITEM NAME
N
0 104 | RATCHET
L 7 214 | BEARING SEAT
/_ / ) 402 | EXTERNAL FAN
704 | RATCHET PIN CARRIER
816 | RATCHET PIN

Fig. 18
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6. FAULT FINDING AND RECOGNITION

Kinds of

Possible

Breakdown Symptoms Causes Remedies
Power-off Consult power company
Switch-off Switch-on
Motionless and No fuse Install fuse
soundless Broken wiring Check wiring and repair
Broken lead Check wiring and repair
Broken windings Check windings and repair
Short circuit of circuit switches | Check circuit switches and replace
_ Incorrect wiring Check wiring according to
Fail to start nameplate
without load | Fyse blowing. Poor contact at terminal Lock tightly
(Automatic Windings grounded Factory repair

switch trips off,
slow start with
electromagnetic
noise)

Broken windings

Factory repair

Poor contact of circuit switches

Check and repair

Broken wiring

Check and repair

Poor contact of starting switches

Check and repair

Short circuit of starting switches

Check and repair

Incorrect connections of starting
switches

Connect according to nameplate

Loading after
start

Fuse blowing.
Fail to restart due
to trip-off of
automatic switch

Insufficient capacity of fuse

Replace fuse if wiring permits

Overload

Lighten load

High load at low voltage

Check circuit capacity and reduce
load

Overheating motor

Overload or intermittent
overload

Lighten load

Under-voltage

Check circuit capacity and power
source

Over-voltage

Check power source

Ventilation duct clogged

Remove the foreign matter in the
duct

Ambient temperature exceeds
40°C

Correct insulation class to B or F, or
lower ambient temperature

Friction between rotor and stator

Factory repair

Fuse blown (Single-phase
rotating)

Install the specified fuse

Poor contact of circuit switches

Check and repair

Poor contact of circuit starting
switches

Check and repair

Unbalance three-phase voltage

Check circuit or consult power
company
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Kinds of Svmptoms Possible Remedies
Breakdown ymp Causes
\oltage drop Check circuit and powers source
Ssrﬁ)::epdl;alls Sudden overload Check machine
Single-phase rotating Check circuit and repair
Switch overheat In_suff|C|ent capacity of switch R_eplace switch
Loadin High load Lighten load
g High belt tension Adjust belt tension
after start - - -
Slack belt tension Adjust belt tension
Bearing over- Misalignment between motor and .
. . Re-align
heating machine shafts
Over speed of bearing outer-ring Adjust bracket
High bearing noise Replace the damaged bearing
Electromagnetic | Occurrence from its first operation May be normal
noise induced by Sudden sharo noise and smokin Short circuit of windings should be
electricity P 9 repaired at the factory
Noise of low shishi or Thru-Thru May be normal
Bearing noise Kala-Kala as a result of poor lubrication | Grease
g Kulo-Kulo as a result of poor lubrication | Clean bearing and grease
Sa-Sa or larger noise Replace the damaged bearing
Loose belt sheave Adjust key and lock the screw
Noise . . Adjust the position of couplings, lock
Loose coupling or skip
key and screw
. . Loose screw on fan cover Lock fan cover screw tightly
Mechanical noise - - —
Fan rubbing Adjust fan position
caused by - - - —— —
machi Rubbing as a result of ingression of Clean motor interior and ventilation
inery .
foreign matter ducts
Wind noise Noise |r_1duced by air flowing through
ventilation ducts
Induced by conveyance machine Repair machine
Electromagnetic | Short circuit of winding Factory repair
vibration Open circuit of rotor Factory repair
Unbalanced rotor Factory repair
Unbalanced fan Factory repair
Broken fan blade Replace fan
Vibration - Unsymmetric centers between belt Align central points
Mechanical sheaves
vibration Central points of couplings do not lie on | Adjust the central points of couplings
the same level to the same level
Improper mounting installation Lock the mounting screws
Motor mounting bed is not strong Reinforce mounting bed
enough
Remarks:

(1) Circuit switches: These include knife switches, electromagnetic switches, fuse and other connection
switches etc.
(2) Starting switches: These include Delta-Star starters, compensate starters, reactance starters, resistor
starters, starting controller’s etc.
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TECQ @Westinghouse

ISSUED ENCLOSURE
March 11, 2005 PERFORMANCE DATA TEFC
TYPE CATALOGH#
AEHE 3-PHASE INDUCTION MOTOR £0058
NAMEPLATE INFORMATION
OUTPUT FRAME RATED INS. NEMA TIME SERVICE
HP [ KW POLE size |VOLTAGEI HZ | \mBIENT| cLAss | DESIGN | RATING FACTOR
5 3.7 8 254T |230/460]| 60 40°C F B CONT. 1.15
TYPICAL PERFORMANCE
FULL EFFICIENCY POWER FACTOR MAXIMUM
LOAD FULL LOAD 3/4 LOAD|[1/2 LOAD| F.L. |3/4LOAD]|1/2LOAD| POWER FACTOR
RPM MIN. % | NOM. % % % % % % CORRECTION
870 84 86.5 86.5 85.5 72 64 51.5 4 KVAR
CURRENTS
NO LOAD FULL LOAD LOCKED ROTOR vaMAA
AT AT AT AT AT AT AT AT AT CODE
208 230 460 208 230 460 208 230 460 | ZlTeo
VOLT VOLT VOLT VOLT VOLT VOLT VOLT VOLT VOLT
10.26 9.28 4.64 16.63 15.04 7.52 101.73 92.00 46.00 J
TORQUE INERTIA ACCEL TIME
RoTOR | NEMA MAX NEMA MAX
FULL LoAD | FOSKED | PULL | BREAK " | LOAD | ALLOWABLE | LOAD | ALLOWABLE
bt ROTOR UP DOWN WR WK WK K2 WK
%FLT %FLT %FLT Ib-ft2 ) .
Ib-ft Ib-ft Sec Sec
30.17 190 185 240 1.66 142 353 6.73 16.60
SAFE STALL ALLOWABLE SOUND
TIME IN STARTS PRESSURE
SECONDS PER HOUR LEVEL @ 3FT
COLD HOT COLD HOT dB(A)
47 33 2 1 54
APPROVED: M. PRATER DRAWING NO. 31057E0058 REVISION ()




VS-7037N
Revised 06-96

Shock/Vibration Control Switches

Installation Instructions Dmurphi
Models: VS2, VS2C, VS2N, VS2EX, VS2EXR, VS2EXRB and VS94

Please read the following instructions before installing. A visual inspection of this product for damage during shipping is recommended before
mounting. It is your responsibility to have a qualified person install the unit, and make sure installation conforms with NEC and local codes.

_ GENERAL INFORMATION

”"4
p WARNING

V & Y & 4

BEFORE BEGINNING INSTALLATION OF THIS MURPHY PRODUCT
v Disconnect all electrical power to the machine.

v’ Make sure the machine cannot operate during installation.
v Follow all safety warnings of the machine manufacturer.
v Read and follow all installation instructions.

Description Remote Reset Option (VS2EXR,
The Murphy shock and vibration switches are available ina YS2EXRB and VS94 only)
variety of models for applications on machinery or equipment Includes built-in electric solenoid which allows reset of tripped unit

where excessive vibration or shock can damage the equipment or  from a remote location. Standard on VS2EXR and VS2EXRB.
otherwise poses a threat to safe operation. A set of contacts is Optional on VS94 (options listed below).

held in a latched position through a mechanical latch and magnet  .R15: Remote reset for 115 VAC

mechanism. As the level of vibration or shock increases an inertia ~ -R24: Remote reset for 24 VDC

mass exerts force against the latch arm and forces it away from .

the magnetic latch causing the latch arm to operate the contacts. Time Delay Option (VS94 only)

Sensitivity is obtained by adjusting the amount of the air gap ~Overrides trip operation on start-up. For V894 series models, the
between the magnet and the latch arm plate. delay time is field-adjustable from 5 seconds up to 6-1/2‘ minutes
Applications include all types of rotating or reciprocating with a 20-turn potentiometer (15 seconds per turn approximately).

machinery such as cooling fans, engines, pumps, compressors, OPtions listed below:
pump jacks, etc. -T1S: Time delay for 115 VAC

-T24: Time delay for 24 VDC

Models

VS2: Base mount; non hazardous locations. Space Heater Options (VS94 only)

VS2C: C-clamp mount; non hazardous locations. This optional space heater board prevents moisture from

VS2EX: Explosion-proof; Class I, Div. 1, condensing inside the V594 Series case. Options listed below:
Groups C and D¥ -H1S: Space heater for 115 VAC

-H23: Space heater for 230 VAC

VS2EXR: Explosion-proof with remote reset. -H24: Space heater for 24 VDC

VS2EXRB: Explosion-proof; Class I, Div. 1, Group B*; with

remote reset. Warranty
VS2N: Pneumatic signal-no electrical contacts. A two-year limited warranty on materials and workmanship is
VS94: Base mount: non hazardous locations. NEMA 4 provided with this Murphy product. Details are available on

request and are packed with each unit.
*See Specifications section, on page 3, for listed models.



VS2

VS2EX and VS2EXR

3-1/8i Il'l 4-11/16in. .
/8 in.
__(80mm) mm) (119 mm) “&453 ?nmm)
) o | Slotted —
Sensitivity Reset
Reset Adjustment EUSh
; Push 1/2 NPT utton
4-1116 in, ~
Button Weatherproof Conduit S .
(119 mm) Strain Relief C[E\ \ 4-7/81n.
Bushing N Slotted (124 mm)
. Sensitivity
- 1-34in.] Adjustment
5-1/8 in. . (44 mm)
rz-m in-+ I (130 nl% ® J,{?,.‘x'( : :2'm) e = 5-1/4in N
(57 mm) Mounting Holes 3/8in. 3in. -
g Slot 2 places (10 mm) (76 mm) (133 mm) ]
4places  Mounting Holes 6-g in, _Mounting Holes
(162 mm)
vS2C VS2N
3-1/8i m 4-11/16 in. )
(80 mm) (119 mm) le2-12in. __ | 5.7/8 in.
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SPECIFICATIONS

VS2 and VS2C

* Case: Weatherproof (equal to NEMA 3R) housing suitable for open
mounting. Rated for non-hazardous areas.
VS2: Base mount
VS2C: C-clamp mount. Includes 45 feet (13.7 meters), 2-conductor 16
AWG, 30 strands/0.25 mm strand dia. (1.5 mm?) cable, and five cable
hold down clamps.

¢ Contacts: SPDT double make leaf contacts, SA @ 480 VAC.
VS2EX

* Case: Explosion-proof and weatherproof aluminum alloy housing;
meets NEMA 7 specifications; Class I, Division 1, Groups C & D; UL
and CSA listed*

VS2EX: base mount.

* Snap-switches: 2-SPDT snap-switches; 5A @ 480 VAC;*
2A resistive, 1A inductive, up to 30 VDC.

VS2EXR
¢ Case: Same as VS2EX.

* Snap-switch: 1-SPDT snap-switch and reset coil; 5SA @ 480 VAC;*2A
resistive, 1A inductive, up to 30 VDC.

* Remote Reset : 115 VAC or 24 VDC (specify).
VS2EXRB

* Case: Explosion-proof aluminum alloy housing; rated Class I,
Division 1, Group B hazardous areas.

* Snap-switch: 1-SPDT snap-switch with reset coil (option available for
additional SPDT switch); SA @ 480 VAC; 2A resistive, 1A inductive,
up to 30 VDC.

* Remote Reset: 115 VAC or 24 VDC (specify).
*CSA and UL listed with 480 VAC rating.

VS2N (Pneumatic Model)

* Case: Aluminum alloy housing.

* Operating Pressure: 20 to 80 psi (138 to 552 kPa) [1.38 to 5.52 bar].
60 psi (414 kPa) [4.14 bar] recommended.

VS94
* Case: Polyester fiberglass reinforced; NEMA type 4 and 4X; IP66; CSA
types 4 and 12.

* Conduit Fitting: 3/4 NPT conduit fitting connection.

* Normal Operating Ambient Temperature:
0 to 140°F (-18 to 60°C).

* Snap-switches: 2-SPDT snap acting switches; SA @ 480 VAC; 2A
resistive, 1A inductive, up to 30 VDC.

* Range adjustment: 0 - 7 G’s; 0 - 100 Hz /0.100 in. displacement.
* Heater (optional):

Option  Operating Current
H15 .023A @ 1I5VAC
H23 011 A @ 230 VAC
H24 A2A@24VDC
* Remote Reset (optional):
Option  Operating Current
R15 7A@ 115 VAC
R24 J36A @24VDC
* Time Delay (optional):
Option  Operating Current Standby Current
T15 360A @ 115 VAC .0lA @ 15 VAC
T24 1.15A @24VDC .0l A @ 24VDC

* Time Delay/Remote Reset: Adjustable 20-turn potentiometer from 5
seconds to 6-1/2 minutes (15 seconds per turn approximately).

INSTALLATION

WARNING: STOP THE MACHINE AND DISCONNECT ALL
ELECTRICAL POWER BEFORE BEGINNING INSTALLATION.

The VS2 and VS94 Series are sensitive to shock and vibration in all three
planes of motion—up/down, front/back and side/side. Front/back is most
sensitive. (See Dimensions on page 2 for sensitivity adjustment location.)

vibration switches must be with the reset push button on a horizontal

@ CAUTION: Mounting for all V52 and VS94 Series shock and
plane. DO NOT MOUNT with reset push-button UP or DOWN.

Reset Push Button

Reset Push
Button

Correct

Incorrect Incorrect

The VS2 and VS94 Series must be firmly attached/mounted to the machine
so that all mounting surfaces are in rigid contact with the mounting surface
of the machine. For best results, mount the instrument in-line with the
direction of rotating shafts and near bearings, in other words, the reset push

button should be mounted pointing into the direction of shaft rotation (see
page 5). It may be necessary to provide a mounting plate or bracket to attach
the VS2 and VS94 Series to the machine. The mounting bracket should be
thick enough to prevent induced acceleration/vibration upon the VS2 and
VS94 Series. Typically 1/2 in. (13 mm) thick plate is sufficient. See
illustrations on page 5 for typical mounting locations.

C-Clamp Installation (VS2C model only)
A C-Clamp is supplied with the VS2C model only. The C-Clamp is shipped
installed on the VS2C but must be installed on the VS2EX

and VS2EXR switches.

1. The C-Clamp (B) will already be installed
on a 1/4 in. (6 mm) thick steel mounting
plate (A). Bolt the VS2 switch to the
mounting plate as illustrated — with four
5/16 in. bolts, nuts, and washers.

2. The mounting location should provide i
convenient access to the TATTLETALE® g = )

push button (C). T v
3. The hardened set screw and nuts (D) are :::1 D

used to tighten the switch to an I-Beam or cross

member such as a Sampson post of an oilwell :!/

pumpjack.

Continued on next page.



INSTALLATION Continued

Electric Models

WARNING: STOP THE MACHINE AND DISCONNECT ALL
ELECTRICAL POWER BEFORE BEGINNING INSTALLATION.

1. Firmly secure the unit to the equipment using the base foot mount or
C-Clamp if applicable. See C-Clamp Installation page 3.

For oilwell pumpjacks attach the VS2 and VS94 Series to the Sampson
post or walking beam. See Typical Mounting Installation page 5.

2. Make the necessary electrical connections to the vibration switch. See
Internal Switches, page 6 for electrical terminal locations and page 7 for
typical wiring diagrams). DO NOT EXCEED VOLTAGE OR CURRENT
RATINGS OF THE CONTACTS. Follow appropriate electrical
codes/methods when making electrical connections. Be sure that the run of
electrical cable is secured to the machine and is well insulated from electrical
shorting. Use of conduit is recommended.

NOTE: If the electrical cable crosses a pivot point such as at the pivot of
the walking beam, be sure to allow enough slack in the cable so that no
stress is placed on the cable when the beam moves.

If conduit is not used for the entire length of wiring, conduit should be
used from the electrical supply box to a height above ground level that
prevents damage to the exposed cable from the elements, rodents, etc. or as
otherwise required by applicable electrical codes. If conduit is not attached
directly to the VS2 and VS94 Series switch, use a strain relief bushing and
a weatherproof cap on the exposed end of the conduit. A “drip loop”
should be provided in the cable to prevent moisture from draining down
the cable into the conduit should the weathercap fail.

Pneumatic Models (VS2N)

WARNING: IF USED IN A HAZARDOUS AREA, EXPLOSIVE
GASES MUST NOT BE VENTED INTO THE AREA.

1.

2.

3. Start the machine.
4,

REPLACE ALL COVERS, LIDS, AND
ELECTRICAL ENCLOSURES.

Press the reset push button to engage the
magnetic latch. To be sure the magnetic latch
has engaged, observe latch through the
window on the VS2 and VS2C (see
DETAIL “A”). On the VS2EX, VS2N, V594
series the reset button will remain depressed
meaning the magnetic latch has engaged.

DETAIL “A”

Reset Push button

Sensitivity
Adjustment

If the instrument trips on start-up, allow the machine to
stop. Turn the sensitivity adjustment 1/4 turn clockwise, (adjustment for
VS94 and VS2EXRB models is located within the box, see DETAIL “B”).

WARNING: MAKE THE AREA NON-HAZARDOUS BEFORE
OPENING THE EXPLOSION-PROOF (-EX) ENCLOSURES.

6.

. If the instrument does NOT trip on start-

Depress the reset button and restart the machine.
Repeat this process until the unit does not trip
on start-up.

DETAIL “B”

Less

4 Sensitivity
Sensitive

adjustment
up, stop the machine. Turn the sensitivity
adjustment 1/4 turn counter-clockwise.
Repeat the start-up/stop process until the
instrument trips on start-up. Turn the
sensitivity adjustment 1/4 turn clockwise
(less sensitive). Restart the machine to verify
that the instrument will not trip on start-up.

More Sensitive

Verify that the unit will trip when abnormal shock/vibration exists.

VS94 Time Delay Adjustment

1. Mount the VS2N according to the same 2,‘2;‘:{"
instructions as the electric models. E’“"”{é‘
However, note that although the VS2N is 1/8 NPT
sensitive to shock/vibration in all three
planes of motion, its most sensitive plane SuppuzT~
is perpendicular to its base. AN

2. Attach a pressure source of 20-80 psi (138-552 kPa) [1.37-5.51 bar] to the
“Supply” port. Best operation is obtained with 60 psi (414 kPa) [4.13
bar]. Pressure medium must be clean, dry air or gas. Use a filter and
pressure regulator as necessary.

3. Connect an exhaust line to the “Exhaust” port and to the equipment
shutdown device to be operated.

+ Remote
Reset
1/4 NPT

O

WARNING: REMOVE ALL POWER BEFORE OPENING
ACCESS DOOR. IT IS YOUR RESPONSIBILITY TO HAVE A
QUALIFIED PERSON ADJUST THE UNIT, AND MAKE SURE
IT CONFORMS WITH NEC AND LOCAL CODES.

Sensitivity Adjustment
WARNING: REMOVE ALL POWER BEFORE OPENING
THE ENCLOSURE. IT IS YOUR RESPONSIBILITY TO HAVE A
QUALIFIED PERSON PERFORM ADJUSTMENTS, AND MAKE
SURE IT CONFORMS WITH NEC AND LOCAL CODES. DO NOT ADJUST
SENSITIVITY WHILE THE MACHINE IS RUNNING. STAND CLEAR OF
THE MACHINE AT ALL TIMES WHEN IT IS OPERATING.

All models of the VS2 and VS94 Series cover a wide range of sensitivity.
Each model is adjusted to the specific piece of machinery on which it is
installed. After the switch has been installed in a satisfactory location (see
page 5) the sensitivity adjustment will be increased or decreased so that the
switch does not trip during start-up or under normal operating conditions.
This is typically done as follows:

4

1.

3.

NOTE: Allow 30 seconds bleed-time between

. Time the length of the delay with a watch.

Apply power to the time delay circuit. (see
page 7 for time delay circuit). The time delay
function will be initiated.

DETAIL “C”

Let time delay expire. After it expires, the
override circuit will de-energize the
solenoid, allowing the latch arm to trip. A
clicking noise is heard.

TURN THE POWER OFF TO RESET
THE TIME DELAY CIRCUIT.

turning the power “OFF” and ‘ON”

4.

5.

Locate the time adjustment pot (DETAIL “C"). The time is factory-set at the
lowest setting (5 seconds approximately). To increase time, rotate the
20-turn pot clockwise as needed (15 seconds per turn approximately).

Repeat the above steps as necessary to obtain desired time delay.

NOTE: An external time delay can be used with the remote reset feature
of the VS2EXR series to provide a remote reset and override of the trip
operation on start-up. Time delay must automatically disconnect after
equipment start-up.



) TYPICAL MOUNTING LOCATIONS .

2-Throw Balance-Opposed Pumping Unit
Compressor
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NOTE: If installing on Redet ")
cylinders, 2 vibration/shock ®
switches are recommended- g

1 for each cylinder.
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VS2EXR

VS2 and VS2C

I

: N
Sensitivity
— — Adjustment
emd———
olalf?) (° Q
1
NO NC COM  GRO
SPDT Switch Terminals
VS2EX
SPDT Snap-Switch
Sensitivity

Adjustment

Remote Reset
Terminal

Sensitivity
Adjustment

Terminal
SPDT Snap-Switch

VS2EXB and VS2EXRB
Remote Reset

Sensitivity
Adjustment

=

BEE

[

\G ; Ground
roun Terminal
' Terminal SPDT
SPDT Snap-Switch Snap-Switch Optional SPDT
Snap-Switch
(VS2EXRB only)
vs94 Time Delay and/or
_o—Remote Reset
SPDT Q) Terminal (Optional)
Snap-Switch
@ Q
QOO
NC || NO ||cOm \Gm"'.‘d
Terminal
| <
C || NO {|COM Sensitivity
@ Adjustment
SPOT e
Snap-Switch “~ Heater Board

Terminal (Optional)



WARNING: REMOVE POWER BEFORE OPENING THE UNIT (ACCESS DOOR). STOP THE MACHINE AND DISCONNECT ALL
ELECTRICAL POWER BEFORE BEGINNING THE WIRING OPERATION. IT IS YOUR RESPONSIBILITY TO HAVE A QUALIFIED
PERSON INSTALL AND WIRE THE UNIT, AND MAKE SURE IT CONFORMS WITH NEC AND APPLICABLE CODES.

VS2 and VS2C
Typical Wiring Diagram for Single or Bual CD Ignition

SPDT Switch
Contacts shown in the RESET position.

1
NOS NS

1
on 3
L

To good
engine ground

CD Ignition
1

©)

VS2EXR and VS2EXRB
Typical Wiring Diagram for Single or Dual CD Ignitions
SPDT Switch
(Optional 2-SPDT [DPDT])*

Remote Reset Contacts shown in the

RESET position
Momentary I 1 To good
I |1 engine
Push Button n0D Neo  dcom | B ground
=t o =  #
\——o O— (o R teeeeed ) Tadditional
[ < Switch
115 VAC or d Optional
24 VDC (Voltage on VS2EXRB
is specified N.OS N.C only
when ordered). _|_
. To good
cD Igznmon . engine ground
o .
CD Ignition
1
(e}

VS2, VS2C, VS2EX, VS2EXR, VS2EXRB and VS94
Typical Wiring Diagram for Electric Motors

Switch Terminals

N.OS N.C.T

NOTE: Do not ground
“G” terminal
on models VS2
and VS2C.

| S 2 ¥}

VS2EX
Typical Wiring Diagram for Single or Dual CD Ignitions

SPDT Switch
(Optional 2-SPDT [DPDT])t
Contacts shown in the
HESETlposition

To good

N.O% N.C COM _| " :Irlglll::

CD Ignition
2

CD Ignition
1

©)

To good
engine ground

Vs94
Typical Wiring Diagram for Single or Dual CD Ignitions

Time DelRay or s Zt;sPDT )
Remote Reset witches (DPDT
%"(?n'{':c'}“’:?r (Optional) Contacts shown in the
Remote . 115 VAC or 24 VDC* RESET position i
Resetonly---g.r-i | | To good
. 1 engine
Maintained —Nc— Time N oé NC B urt?und
Contact for Delay . .
Time Delay
230 VAC or ILVAVAN 1
115 VAC or QaQ
24 VDC* A NOS N.C!
Heat ' Board =
*Voltage i - eater Boar =
et "* (Optoal To good

engine ground

CD Ignition
1
O

VS2, VS2C, VS2EX, VS2EXR, VS2EXRB and VS94
Typical Wiring Diagram for Distributor Ignition or Diesel

NOTE: Do not ground Switch Terminals

“G” terminal

on models VS2

and VS2C. Ignition
Switch

5 Ammeter
Fa 1@D1 [ &
Diesel Fuel == +
Shutoff Valve  Ignition Coil  Distributor Battery




_ SERVICE PARTS

PART NO.

PARTNO. DESCRIPTION
VS2 and VS2C VS2EXRB
20-00-0030  Movement assembly 20-01-0090  Snap-switch and insulator kit (1 switch per kit)
20-00-0031  Glass and gasket assembly prior to September 1, 1995.*
20-00-0032  Reset push button assembly 20-00-0288  Snap-switch and insulator kit (1 switch per kit) for models
338(5)(3)(2);; g%‘;"“?g clamp bly (1 cach) manufactured on September 1, 1995 or later.*

- able clamp assembly (1 eac 20-00-0057  Inside snap-switch and insulator kit (1 switch per kit) f
20-00-0465  2-Conductor electrical cable, 45 feet (13.7 meters) m(s)deel VSSEXRB-D prior to g::p:efnb:ll-lli lgegrs; )for
20-00-0137 5 clamps and 45 feet (13.7 meters) of cable 20-00-0058  Outside snap-switch and insulator kit (1 switch per kit) for
VS2EX model VS2EXRB-D prior to September 1, 1995.*

20-00-0287 Inside snap-switch and insulator kit (1 switch per kit) for model

20-01-0091  Movement assembly VS2EXRB-D manufactured on September 1, 1995 or later.*
20-05-0087  Cover 20-00-0290  Outside snap-switch and insulator kit (1 switch per kit) for model
00-00-0309  Cover gasket VS2EXRB-D manufactured on September 1, 1995 or later.*
20-01-0090  Snap-switch and insulator kit (1 switch per kit) 20-05-0077  Adjustment shaft

prior to September 1, 1995.* 20-00-0046  Movement assembly
20-00-0288  Snap-switch and insulator kit (1 switch per kit) for models 20-00-0049  Reset solenoid assembly (115 VAC)

manufactured on September 1, 1995 or later.* 20-00-0234  Reset solenoid assembly (24 VDC)
20-00-0289  C-clamp conversion mounting kit

* Models with date 0895 and before use old switch. Dated 0995 after, use straight snap-switch

VS2EXR arm, no rollers.
20-00-0046  Movement assembly
20-05-0087  Cover
00-00-0309  Cover gasket
20-01-0090  Snap-switch and insulator kit (1 switch per kit)

prior to September 1, 1995.*
20-00-0288  Snap-switch and insulator kit (1 switch per kit) for models

manufactured on September 1, 1995 or later.*
20-00-0049  Reset solenoid assembly (115 VAC)
20-00-0234  Reset solenoid assembly (24 VDC)
20-00-0289  C-clamp conversion mounting kit

DESCRIPTION

W Frank W. Murphy, Ltd.

In order to consistently bring you the highest quality, full featured products, we reserve the right to change our specifications and designs at any time.

M Murphy de México, S.A. de C.V.

Church Rd.; Laverstock, Salisbury SP1 1QZ; U.K.

tel. +44 1722 410055 fax +44 1722 410088 tix 477088
M Frank W. Murphy Pte., Ltd.

26 Siglap Drive; Republic of Singapore 456153

tel. +65241-3166 fax +65 241-8382

W Murphek Pty., Ltd.

1620 Hume Highway; Campbelifield, Vic 3061; Australia
tel. +61 3 9358-5555 fax +61 3 9358-5556

Blvd. Antonio Rocha Cordero 300, Fraccion del Aguaje
San Luis Potosi, S.L.P.; México 78384

tel. +52-48-206264 fax +52-48-206336

M Murphy Switch of California

P.0. Box 900788; Palmdale, California 93590; USA
tel. (805) 272-4700 fax (805) 947-7570

W Frank W. Murphy France

tel. +33 1 30 762626 fax +33 1 30 763989

‘b‘-mur

Since 1939

W Frank W. Murphy Manufacturer

P.0. Box 470248; Tulsa, Oklahoma 74147; USA
tel. (918) 627-3550 fax (918) 664-6146

H Frank W. Murphy Southern Division

P.0. Box 1819; Rosenberg, Texas 77471; USA
tel. (713) 342-0297 fax (713) 341-6006

Printed in U.S.A.

0787920



INSTALLATION INSTRUCTIONS
POLYESTER VINYL BUG SCREEN PANELS

SERIES 1.2 - 0704

All “soft” bug screen panels are designed to provide ease of installation, quick
removal, convenient storage, and optimum panel inter-changeability.

Panels are constructed of a woven, vinyl coated polyester 8 x 10 mesh, trimmed
with polyester/vinyl binding, and attached using Velcro fastener material. They
are designed for extended life and performance in all weather conditions for
temperatures ranging from 120°F to minus 40°F.

CAUTION: READ ALL INSTRUCTIONS BEFORE PROCEEDING

1. To avoid damage in shipping, shop handling, subsequent paintings, etc.,
each panel has been pre-fitted with a matching Velcro “hook” tape that
must first be removed and bonded to the structural frame. This is done by
using the special, pressure-sensitive adhesive back on the Velcro “hook”
tape.

2. The perimeter, or 1” edge of the bug screen framework, is to be used to
apply the Velcro “hook” tape. The painted or galvanized structural frame
surface should be clean, dry, and free of oil. The best adhesive bonding
results will be obtained when installed at or above 60°F.

CAUTION: A newly painted surface should have cured for at least 72
hours prior to application.

NOTE: In field retrofit, applications to the surface should be

thoroughly cleaned to remove any “dead” paint. To clean, use 50/50
isopropanol/water, MEK or similar solution prior to applying the permanent
Velcro “hook” tape.

3. The back of the Velcro “hook” is prepared with a special, pressure-
sensitive adhesive. Peel the clear protective backing from the “hook”,
being careful not to touch the adhesive, and install the Velcro tape
immediately to the 1” metal framework surface area around the perimeter
of the panel opening. In joining the two surfaces, use finger pressure to
firmly smooth the tape in place (especially important at corners and along
edges). Note: A hard rubber roller can be used to ensure a smooth, firm
fit.

a" -x-IIMIted 2230 East 49" Street  Tulsa, Oklahoma 74105 918 743-6111  FAX 918 742-7039



4. For best results, round off or trim the outside corners to prevent
“snagging”

5. Insert the 1" square “studs” at each corner in the ¥ hole in the framework.
The stud should cover the ends of the “hook” tape in order to secure it and
prevent the corners from coming loose in the future. These normally will
need to be tapped or driven into place, and will provide a positive
attachment point at each corner of each panel.

6. Allow adhesive to dry for 48 to 72 hours before cycling (attaching and
removing panels). If necessary, drying time can be speeded up by
applying heat to 200°F (example: hair dryer or heat gun).

OPERATION: Individual panels should be kept clean to ensure adequate airflow
and maximum cooling performance, especially in hot weather. As with any
filtration medium, dirty or clogged screens or fin tubes will adversely affect the
cooler operation.

GENERAL CHARACTERISTICS

e Highly resistant to water, oil, ultraviolet rays (sun light), and
chemicals

e Vibration or pressure increases closure and holding strength

e Quick panel placement by simply pressing panel edges to
permanent Velcro “hook” material on the framework

e Quick panel removal by simply “peeling” perimeter edges from
permanent “hook” material on the framework.

e Exceptionally strong and treated to meet State of California Fire
Code Bulletin 117-Class 1 (most stringent in the U.S.)

e Flexible and light weight for ease of installation, handling, and
storage

a" .x.IIMIted 2230 East 49" Street  Tulsa, Oklahoma 74105 918 743-6111  FAX 918 742-7039
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AXH air-coolers



Only the name is new... AXH air-coolers

...combines 40 years of leadership experience in the air-cooled heat exchanger industry that encompasses
the entire spectrum of air-coolers from initial thermal application and mechanical engineering, though
design drafting, project management and after market support. To meet the growing market demands
and customer expectations Air-x-hemphill was merged into AXH air-coolers in early 2005 in conjfunction
with a major expansion of both physical facilities and personnel.

Capabilities
AXH air-coolers' offers an unparalleled level of experience and technical experlise throughout the entire
organization, coupled with the largest manufacturing facifity in the industry. A complete range of air-cooler
models, types and sizes can be provided to fit any standard or custom application. Importantly we have the

capability to design, supply and duplicate virtually any replacement cooler or section as well as support the
reapplication of existing coolers.

Reliability
We have manufactured thousands of air-coolers for the natural gas compression and process industries

and have an established reputation for meeting delivery requirements. Foremost we are committed to
quality assurance and on time shipment.

Integrity

AXH air-coolers' objective and commitment is to consistently provide customers with the highest quality
air-coolers and suppaort at a competitive price.

Corporate and sales office



Facilities

T ey
e —

A new 161,000 square feet plant is located on 12 acres outside Tulsa
and adjacent to Route 66 in Claremore, Oklahoma.

AXH air-coolers 8
Claremore Plant

4 eri?i-‘:_“'




Capabilities

HNES 20

Houston, TX TON

% .
East bay final assembly area

4
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(46) ASME code welding stations
providing Stick, MIG, TIG &

sub-arc procedures

mctor drive

Model 120EF with internal electric

Type HF incorporating evaporative inlet cooling

EF Mcdels departing with warm air recirculaticn
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Mot

Type EF fan guard and “soft” bug screen frame
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- Type VI’

Induced Draft

ili

EF coolers ready for shipment

Reliab



Model 60HF

i e .
,u..‘_.[_’-tl.l,!J’_‘-‘

B

Packaged two-fan, Model 120FF2

Galvnizeé Model 108FF2

7



lntegrity

Air Cooled Heat Exchangers

Fully equipped for field service

AXH air-coolers

401 East Lowry, Claremore, Oklahoma 74017
(918) 283-9200 Fax (918) 283-9229
www.axh.com 3-06
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