FLENDER-GRAFFENSTADEN S.A., FRANCE
BP 84, F-67402 ILLKIRCH-CEDEX

1, rue du Vieux Moulin

F-67400 ILLKIRCH-GRAFFENSTADEN

Quotation

To
Company : Siemens AG Name : N. HOST
City / Country :  Duisburg / Germany Dapt: Saies Dept.
Name : Stoverink Simon Tel: +33 (0)3 69 20 51 50
Dept : Fax : +33(0)3 88676075
Tel: E-mail : nhost@flender-graff.com
Fax: Page{s): 19
E-mail : Copy:

Date : 16.03.2015

Y/ref : Khursaniyah Al Fadhili - D43-K-1801 -
Ofref . D41404 guotation number 3

In response to your inquiry referenced above, we are pleased to confirm our quotation as follows :

ITEM A 1 : Flender Graffenstaden (FG) High Speed increaser, model TX50/4C
- Rating conditions : Rated power at 6800 kW
Driven by a electric motor at 1800.0 rpm {specified : 1800.0 rpm)
Driving a centrifugal compressor at 7309.7 rpm (specified : 7285.0 rpm)
Service faclor 1.45 according to API613/03 (required : > 1.4)

- Technical description : Double helical
Manufacturing according to AP! standard
Flange on LS shaft end
Flange on HS shaft end
Estimated Weight : 4000 kg

- Bearings description ; 2 cylindrical bearings on LS shaft
2 offset bearings on HS shaft
1 double acting tilting pad thrust bearing on low speed shaft non driven end

- Mechanical running test : Full spead, no load test during 4 hours according to the APl 613 5th Edition
standard.

- Lubrication conditions : 164 Vmin of Ol ISO VG 46 at 80°C and 2.5 bar at inlet {calculated values only)

- Miscellaneous: Efficiency at full load : 99.03 %
' Power losses at full load : 66 kW (calculated value only)
Anticipaled Sound Pressure Level, 82,0 £ 2dB(A}) at 1 meter

Base price: 117 900 EUR each gear box
Delivery time : 36 weeks after the FG acknowledgement of the order
Quantity . 8 gearboxes
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Pet

Comments :

- Coupling data taken into account on HS Shaft:

o Weight: 26.6 kg
o Center of gravity position from shaft end: 30.9 mm
o Inertia: 0.266 kgm®

—  Coupling data taken into account on LS Shaft;

o Weight: 87.5kg
o Center of gravity position from shaft end: 40.9 mm
o Inertia: 0.875 kgm®

Including :
—  Customer witness of test
- After test disassembly and inspection
— Noise level test report
- Lateral analysis undamped
— Documentation : downloadable electronic file in english

Instrumentation (see the complete package on addifional technical data sheet):

- Temperature package
12 RTD's PT100 Duplex 3 wires from Thermo Electric Company Inc.
{2 per bearing and thrust bearing side) not wired with terminal heads................... Price included

- Benlly Nevada vibralion package
8 radial (4 per shaft) & 2 axial (on LS shaft) vibration probes, 2 accelerometers {1 per shaft), 2
keyphasors (1 per shaft) not wired ........ccco. oo Price included

Spare parts (Prices are net valid only if spares are ordered together with the gearbox):

- Commissioning Spares

FLENDER-GRAFFENSTADEN S.A, FRANCE

2 RTD's, 2 BN vibration probes, 2 BN accelerometers ...........ccooeeoieieeiiien, 7 900 EUR Lot Net
— 2 Years Normal Operation Spares

2 set of bearings with RTD’s, 1 setofollseals ..., 48 420 EUR Lot Net
~  Slrategic Spare Parts

One complete set of rolating elements consisting of one pinion and one gear.
Tested if ordered together with the main gearbox according to API613/03

Full Speed, No Load, with Test Report..........oo e 51 600 EUR Lot Net
- Container for horizontal spare rotors storage painted according FG standard........ 17 100 EUR Lot Net
**CONFIDENTIAL 2/19
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GHAFFERISTARDEN Jeb No, 41104 BemMNe, _ A
P.O, No, Date
SPECIAL PURPOSE GEAR UNITS Requisition No.
AP| 613 FIFTH EDITION Inquiry No.
DATA SHEET Si UNITS Revision 1 Dale 08032015 gy HNI

1| AppllavleTo: @ Proposal O Purchase O AsBut O USSlandards (1.7) ® iSO Standards (1.7)
21 For Siemens AG Dulsburg Manufachurer FLENDER-GRAFFENSTADEN
3t Site Khursanfyah Al Fadhlll Madei No. TX5044C
41 Unit STC-8V 084-A Saral No.
5t SBervice EMUICC Drver typa efactrc motor
& | No. equired ] Drver equpment canlsifigal comprassor
7
8 bors efar to applicable standard 813 paragraphs
a Q Information Te be completod by purchaser 3 infermation to ba completed by manufacturar
i ) UNITS OF MEASUREMENT B BASIC GEAR DATA
111 O US Customary units
12] @ Siunis ® Sing's stage O  Single hetical
13 O RATING REQUIREMENTS ' Doubla staga @  Deubla hetical
14} Drven squp. {214} Neom. Max KW O Epleysic O horlzontal offsst
15} Driver: Reted Max kw
18] Nomadransmitted power (2.2.2) kv Mechanles! raing {1.6,16) §520 KW @ 1808/7309,1 ipm
17| Gear wilrated power {2.2.1) 6800 KW Gear servica factor (2.2.3.1) 144 API 61312003 8 TH (achual)
18] Torqua @ max cent spesd N Fuil foad gear unlt power f0ss 66 kWY
18] Maxlergua {2.2.1) Nm @ prit Gear Unit Mechan!icat eficlancy 99,03 %
28 O Reducer @ ncreaser Raling spead Pinlon 7.308,1 Gear 1.800,0 PN
21| Rated spead (2.1.58) : Hardness used for
22 input 1800 mm Q Specifed @& Nominal Rating, (HB or Rc) Pinlon 58 HRC Gaar 58 HRC
23 Oulput 7285 tpr O Specited ® Neminal Touh piting Index, K" (2.2.4.1) (2.2.4.2}
241 Aliow var In gear ratio (2.1.6) (+) (1) % Allowabls 217 Actoal 2,10 MPa
Z5 | Max contingous spead {1.5) 1800 ¢ 7285 pm Mateds! index numbser {Ag 3, Table 4) 3,02 MPa
26| Trip spead {1.5){2.1.7) 1880 / 86135 pm Bendlng strass number, *6,"{2.2,6.1} {2.2.6.2)
27| Gear service factor (2.2.3.9) 14 API61320036 TH {min) Pinlon:  Allowabla 2654 Actuzal 2580 MPa
2831 Hardness {2.2.3.2} Pinlon Gear Gear:  Allowable 2654 Actual 2468 MPa
29} Shasft assembly daslgnation {2.1.18) LIR Pitch fine valodlty 71 mis
30} HSshaft rol facg cpl'g (2.1.20.2} oW [1ccw Antidipated SPL {2.1.6) 82 Bl @ 1 m
31| LS shaflrot fad'g cpfg {21,202} cw {]ceow wR? referred 10 LS shatt 128,42 kgm?
42| Extemaslloads (2.1.16) Breghaway torque 412 Nm @ LS Shail
331 Other operating conditions (2,22} (2.6.1.3) Pinon teeth hardness range 58 - 83 HRG
24 Pinlon leath harden'ng method CARBURIZED
35 C INSTALLATION DATA (21.14) [J HSshat separata  hardness range
B O Indoor [ Healed ] Under roof Geoar teeth §Tm) hardness rangs 58 - 63 HRC
37 Cuitdoor (] Unhealad 0 Partiat sldes Gear teeth herdening method CARBURIZED
38 O Grede O mezzanine ONSHORE Gaarub:
39 0 Winterlzation required 0 Troplealization required 2] Forged cylinder {3 Forged & Copped [ Fakeicatsd
A0} Electrical area (2. 1.10; Glass Grp Oiv Gear to Shaft it method (2.5.3.2)
41} Elockicsl area (2,110} Zens 2 Gp_ A Temp M °C 1 Integrat ] Keyed Intederence Keylsss intarference
42} Maxatlow SPL (2.1.6) dBlA) @ m RIm attachment (2,5,3,3) FORGED GEAR WHEEL
43} Elsvation m Barcmeter XPa abs 1.8 shaft hardness range HE 230 - 274
44} Range of amblent temperetures Journsf statlc wetght loads (2.6.8.3)
45 Dry butb Wel bulb Pinion __ 128 /_ 42  Xg Goar _ 842 /70T kg
46 Neemat G C Total gaar unit assembled welght 4000 kg
47 Maximum 82 °G G NOTES :
48 Mintfmum 1] G G
481 Unusug! conditions 3 pust [ Fumes
soj U 21
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GHAFFENSTADEN Job No. 41104 HemMo. _A
PO, Ne. Date
SPECIAL PURPOSE GEAR UNITS Raguisien No.
APl 613 FIFTH EDITION Inquity No.
DATA SHEET SIUNITS Hovsion 4 Dala _ 06032016 By LN

1 H GEAR DATA O GOUPLINGS AND GUARDS
2 Pinfon Gear Pinton Gesr
3 Numnber of leeth 33 124 Coupling furnlsbed by (3.2.1) Compr. Supptiler | Compr. Suppller
4 Gesr ratio 4,66 Mourt coupting halves (3.2.2) Compr. Suppter | Compr. Suppller
& | Tangenilat losd, "Wi* (2,2,4,2) 88.155 N | Cplg gusrd edapler by (3.2.3) Gear Supplier Gear Supplier
& AGMA Geomely faclor *J° 0,55 0,57 Cplg, guard furnished by (3.2.3) Compr. Supplier | Compr, Suppher
T Filch diamaler 201,56 818,44 mm Couplng vendor {3.2.3)
1] Quiside demeler 214,10 827,60 mm Vendo's model number (3.2.3)
& Root dismater 187.25 800,74 mm Coupting weight on shaf, kg 26,8 87,5
19 Center grosve diamatar 177,00 790,00 mm CG Inboard / eutboer d of shafl end Outboard QOuiboard
14 Nerrral pressure sngle 20,00 deg Hub ddll templete provided O o
12 Normel dismatra? piteh: 42 it Bl SHAFT END DETAIL {2.5.4.2}
13 Hellx enge 2500 dag Shaft end dolal spacified by ® Puchaser 0 Gear vendor
14 Center distence 519,60 mim {Integral intess otherwise specifled)
15 Backlash min 034 mm | Shelt end detall if ‘otherwlse spacified:  Pinlen Gear
16 Nat faca widih, 'Fw* 260,00 mm ‘Tapssed | Keylass o O o 0O
17 Pinion LD 1,71 Tapeied | 1 Key o 0O O O
18 Face overtep ratio 8,36 Tapered ) 2-Keys ¢ 0O o O
19 Transverse contect ratio 145 Cylindrica! f 1-Key o O o d
20 AGMA €011 servica factor 2,64 Cyiindilcal 2 Keys o [0 o £l
21| Hating besed on ANSVAGMA 6011 with SF=1,0 CQther Flanged @ O ® DO
22 Durabtity Power 21442 KW Shaft diarmater 1200 1800 mm
23 Strengih Power 17945 L (if Inlegret fanga use diameter imedialely adjacent to anga)
24 Teoth Surfzca Finish, Ra 0.4 04 4m B RADIAL BEARINGS
25 Toolh Generalion Process Hobblng Hobking Pinlon Cear
26 Tooth Fin'shing Progess Grinding Grinding Typa QFFSET } OFFSET YL, /Ty,
21 Lead modifieation (2.2.4.6) @&  Not Req'd O Reqd Dianeler 130/ 130 206/ 200 mm
28  Caleulated Total Lead Mismatch pm Leagth 130/ 130 106 ¢+ {00 min
28 Jourral velociy 498 [/ 49,8 188 /_ 188 /s
26 $ SCUFFING DATA (2.2.6) Loading 2,78 / 2,81 287 1 27t mmw
31| Sceufing Drola per ANSVAGMA 026-A03 Clearsnse (min-mex) mm
32| Scuffng Risk (2.2.6) _<=5% (Low]  Calcutaton Mathod AGMAB25 Span 550 550 mm
23 Composila surlace roughnaxss, ox 0,57 pn Power loss each bearing 138 1 138 30 1 30 kW
24 Specific #im ilckness, EHL Amin 3,34 pm O flow eech bearng 420 1 42,0 108 1 109 imin
35 Tooth lemperslure, Bm B2 *C
26 Maxdmum contact lemperature, 8Bmax 101 C H THRUST BEARFN'G'S
37 Location OPP.GPLG . SIDE
. B MATERIALS Manufacturer FLENDER FLENDER
38§ QGear cesing Steel Oil seals atumintum Typa Fole) COMB.TAP.LANDS
4G] Pintor(s) 18CiNiMoT-6 Size BPH LEG 6"
41| Gesr vimds) 18CrNiMo7 -6 Nea 11615 mm?*
42| HS Shalf Integral LS Shatt 42CiMod Leading 1,14 MPe
43| Redie! beerings Babbit Backing Steet Rasting 1,59 MPe
44| Thrust besring(s) Babbi Backing _ Stesl Inl. theust toad N
45 Ext, thrust foad 4.050 9.200 N
46 O SHAFT END DETAIL Power loss each 0,0 68 KW
47 Gear shafl end for coupling Inlegre! fange (2.5.4.2) Ol flow each beardng .0 20,0 #min
48 Pinlon shaft end for coupling Inlegral lange (2.6.4.2) NOTES:
a8} B ower: WITHOUT BOLTS o1
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GEAFFERSTVHEN Job Mo, 41104 fem Ne. A
P.O.No, Dale
SPECIAL PURPOSE GEAR UNITS Requistion No.
APE 613 FIFTH EDITION fnquiry No.
DATA SHEET Si UNITS Reviston 3 Dala  06,03.2045 By HN
O LUBRICATION REQUIREMENTS O ADDITIONAL REQUIREMENTS
[ ¢ syslem furnished by (2.8.3) © VIBRATION DETECTORS
O oher [} Gear vendor | RADIAL (3.4.2.1} (2.7.4.5) (2.7.48)
[ oivisc, o @@ 40°C op @ 100°C {2.56} Manufacturer BENTLY NEVADA Taolsl No. 8
O3 186 Grads Load stage {2.26) 50 £ X-¥Y probes pinlon bearings Cougpting end Bind end
X-Y probes gear bearings {7 Coupltng end Blind end
B MESH ] Other
Mash and windage power foss 264 o AXIAL (3.4.2.1) {2.7.4.5) (2.7.4.6)
Gil fow, mesh 46,0 tmin | £ Manefachrer BENTLY NEVADA Fotal Ma, 2
{1 Duat probes st each thrust bearing
M LUBRICATION REQUIREMENTS {1 Single probe any shaft without thrust bearing
Min, startup c lemperaturs 20,0 G {3 Oiher
MNormal oft infet temperature 50,0 G ONE EVENT PER REVOLUTION PROBE (2.7.4.5} (2.7.4.8)
Maxirmum ol inlet tempsrsture 659 G Manufachuar BENTLY NEVADA Taolal No. 2
Unit ol low (tolal) 164,0 Vmin Ona on input shatk [2] ©ne on otdput shat
Unit olf pressura 25 bar [} Giker
[ ol vise. @ 40°C @ 100°C (2.8.8)| ACCELEROMETER (3.4.2.1) {2.74.0){2.7.48)
[} 150 Grada 46 Lead stage (2.2.6) 5,0 Manufacturer  BENTLY NEVADA No. required 2
Pinlon coupling end Gear coupling end
B PIPING CONNECTIONS [] otrer
Sewnvlce No. Stz Tyoa
Luta o nlet 1 2, ANSI150 LBS O TEMPERATURE DETECTORS
Luibes off cutlet 1 & In. ANSI 150 1LBS [ Dial typo thermom#ters (3.4,2.7}
Caslng draln * [El] Type brg. temp. sensors (3.4.2.7) (2.7.1.3) PT100
Vent h) 1,5 la, ANS1 150 LBS O r1D [ Thermocouple 1 1 simgiex Ouglex
Caslng purge Cslibratien Yos
* Caslng draln Is "dead battom housing draln, not {uba ofl cutiet [?] HEAS bearings no. sensors sach 2 I 2
© MOUNTING PLATES Thrust numter of senslng slements sach face 2
[] Gear fumished with {3.3.1.1)
[0 Bassplate [ soleplate [ subplatels) (2,3.2,10) © OTHER VIERATION AND TEMPERATURE
a Mounting plates{s) furnished by {3.3.1.1} {3.4.2.8) (3.4.2.8) Other Gear vender
1 Baseplate levelng {3.3.2.3) Osdtiator demoeduator suppiled by g
[J Baseplate with leveling pads (3.5.2.3) Vibration monitor supplied by O
{1 Baseplate sutsb!a fer column mounting (3.2.2.4) L] Vibralica shutdown defay time seconds
1 Vendor review of purchasers foundation dwgs, (2.1,13) Tempersture monitor supplied by [ ]
7] Grow fypa {3.3,1.2.4) Osditater demeduator J-box by [l
Temp, sensoc termination J-box by [
O CONTRACT DATA Sboxtyps Meunt
{7 Testdata prior ko shipment
Progress reporl (5.3.3) O MISCELLANEOUS
0 vender signofi of inspector checkilst (4,1.1.3) Undemped critical analysls report {2.6.2.1)
informstion retalned for 20 years {(4.21.1){4.226.1) £ wi darnpd rolr respns analys rpr (2.6.2.4.3) {2.6.2.6)
[ Yechnicat manusl {5.3.5.4) Torslonal snatysis by (2.6.5.2) [] Gesr vendor Other
PAINTING (4.4.3.1) Flendar standard RALS0H § {blue) £} Spare set of gear rotors {4,3.24)
Painting housing intenor not allowed (2,3.1,14) {3 Gear casa furnished with inlet purga connaction (2.4.3)
© SHIPMENT 3 Olentation of ol intet & dratn conns, (2.4.6)
[J steet rotor storage contalner {4.4.8) [3 shah covers (4.4.4) Fiter breather focatlon (2.3.1.12) Praov. on upper casing
Contract unit Spares £ Torslonal device provisions (2.5.4.6)
Export boxlng 0 1l 3 Rotor vertical storage provisions (2.5.4.8)
Domeshc boxing ] | 0 Rotor vertieal storage ixture(s) (3.6.2) ——
Outdoor storage over B mos. 0 3yaarsingoor £1 [@.4.3.8) L} vendor servica rep. on site (7.1,13)

11
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FLENDER

GRAFFRIBETABEN

SPECIAL PURPOSE GEAR UNITS
API 613 FIFTH EDITION
DATA SHEET Si UNITS

Paga 4 of4

Jo No. 41104 llemNo. A
P.Q, No. Dale

Reguisiion No.

nquiny Mo,

Ravislon 1  Dale  06.03.2016 By HNI

O INSPECTIONS AND TESTS {4.1)

[} Advance notice of witress tasting raquired (4,1.3) NOTES:
Number catendsr days
During start-up, gears can exhibit a translent spike reading
fleqd Winess Obsarve Tesilog of vibration favels that witl axcasd shutdown settings.

Shop Inspecton (4.1.1) ] ] [} Therefore a teip multipiier Is recommendad in the conlrol
Cleantiness Inspeclion (4,2.3,1) 0 0 [ system.
Hardness Verification (4,2.3.2) 0 O
Dismanileresssembly {(4.2.2.3.1) il £l i Hechanieal running test duration 4 hours Ineluding
Contacl Check (2.6.2.2) N g a - Shaft vibration record using Job vibratien probes if erdered
Conlagl Check Tape Lift (2.6.2.2) i | - Bearings temperatura records
Gear accuracy check (2.5.2.1) B 0 | - Caslng vibratfon measuremant
Beuble helice! sxls! stabitly (2.6.2.3) G ] - Sound level pressure measuremerd
Spedist fesling Integrst forged gears (2.5.3.3) - Power losses measurement at ol outiet
{lesting per mutual agreement) 0 0 O W] - Performed with ol ISO VG 32
Restdust urtatnce chack (2.6.6.7) (] 0
Me¢hanical Run Tost (Main) (4.3.2) 5] ] O Git {low requirement and powar losses are calculated values
Machanical un Tesl (Spere) (4.3.2.4)D 0 a [ only, add normal safety margins for slzing heat exchangars.
Addi. Machanlcal Tests (4.3.2.2.16) [ 8] [ ]
Parl or Full Load And Fuit Spaed

Tesl (4,321 | | 0 0
Fult lorqua, reduced spesd (4.3,3.2} 0 O O |
Fuil Torqua Static Tesi (4.5.3.3) £l 0 0 0
Back-To-Back Locked Torque

Yost (4.3.3.4) O r] a a
Sound Levet Test (4.3.3.5) £ O
Addonal gear tooth lest (4.2.2.8) L B c O
Use shop Lube System c 1
Use Job lube system 0 ] O
Use shop Vibration Probas, Eic. ] ] O
tisa Job Vibralion Probes, Eie. n n
Final Assembly, Melntenanca &

Funning Clearerca (4.2.1,1.8) 0 ;]
il System Claariirgss (4,2.3.2) ] ] O
Qil Systern-Cesing Joint

Tightness (4.3.2.1.4) ] 0 [
Warning And Protection

Devices (4.3.2.1,5) 0 (] [
Swlsmic Vibretion Dats (4.3.2.2.3)  [J B 0 0
Vibration, Phasa Plols {4.3.2.2.12) O il
Ol inlat Rangs lest (4.3.2.2.13) £l il O 1
Tepe recorded Vibraton Dala £ O
{4.3.2.2.14) (4.3.2.2.15) Ll purchaser oopy
NON-DESTRUCTIVE TESTING (4.2.1.2) {4.2.2.1)

Surfece Sub surface Log

[1 Casing D il [3
[ roteemts. [
Basarings
[ oner: ] ] (W]
{Speciy)
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Job No. 41104 HemNo. A
P.O. No. Date
ADDITIONAL TECHNICAL DATASHEET Requisition No.
Inquiry No.
Revision _ 1 Dale _ 08.03.2016 By RN
i i ADDITIONAL GEAR DATA L1 TURNING GEAR (Dimensioning s preliminary I}
2 Efficlency Calcufation resulls
3 Percent of rated power Efficiency Required funing spead pm
4 100% 99,03 Actuat iuming speed pm
5 75% 98,92 Required breakaway forqua © Nm
8 50% 98,79 Actuat breakaway lorque Nm
7 IR 98,08 Actuat maximun lorque Nm
8 10% 50,80 Actual acceleration time s
9
10 Losses Mofor
1 Suppier
12 Power loss at no load kW Pawer kW
13 Heat rejection kealin Vollage \Y
14 Frequency e Hz
15 O PUMP DETAILS {Dimensioning is prefiminary 1) Speed pm
18 Efeclric standard
174 Design:
18] Speed: pm Tuming gear
18] Cilflow: o . _ Umin Type o
201 Qitpressura ; bar Ralio
21] NPSH: i m
22] Safelyvalve: o Cluleh
23] Driving methed : Type
24 Material : Max. aflowable torque Nrm
o5] Flanges:
26] Testing: ) Miscellanoons
271 Furniture of ATEX cerlificate : T o Starling device
28 Switch details R
29
30 A INSTRUMENTATION PACKAGE
31 Thermomator Yhermoelements
32
33 Rearing TFhrust bearing Oil inletfoutlet Bearing Thrust bearing Qil inetfouttet
34; [Cly Type DUPLEX 2x3F DUPLEX 2x3F
35} [Type Classification IECE0751 IECH0751
s Removable
7 from the eutside NO NO
38 ATEX ATEX Eexia ATEX Eexia
39
40 Shaft vibrations
41
42 Radiai Axial Keyphasor Accelerometer
43 Irype BN, 3300 XL Bmm Sys. oM |1 No £.N. 3300 XL 8mm Sys. 9 | ACCELEROMETER BENTLY
44 LS |BeTLY NEVADA 3300 Xt 7on 5 BN
45 Proba ‘Yes hg No Yes
46 LS Yes N
4 Proximitor Yes hs No — Yes %W
48 LS Yes
49 Probe holder Yes HS No Yas ////////
&0 i LS Yes
51 Connecticn head Yes HS No Yes /////////
52 LS Yeas ﬂ
54 ;
55 Junction box(es) Miscellaneous
&6
&7| Qty 0 tdentification 8 wire # conduit O jmction box
568 Manufacturer - Conduit type o
59 Matedat o Transmilter fype Qty
60| ATEX . Terminal block type Qty
81
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FLENDER-GRAFFENSTADEN S.A., FRANCE
BP 84, F-67402 |LLKIRCH-CEDEX

GRAFFENSTADER ::'.égigt;‘ ?Z{?}zjl)l;hg}?{?gEAFFENSTADEN

Yiref : Khursaniyah Al Fadhili - D43-K-3801 -

O/ref : D41104 quotation number 3

ITEM B 1 : Flender Graffenstaden (FG) High Speed increaser, model TX40/5C

- Rating conditions :

- Technical description :

- Bearings description :

- Mechanical running test :

standard.
- Lubrication conditions :

- Miscellaneous:

Rated power af 1620 kW

Driven by a electric motor at 1800.0 rpm (specified ; 1800.0 rpm)

Driving a centrifugal compressor at 10737.9 rpm (specified ; 10736.0 rpm)
Service factor 1.47 according to API613/03 (required ; > 1.4)

Double helical

Manufacturing according to AP! standard
Flange on LS shafi end

Flange on HS shaft end

Estimated Weight . 1900 kg

2 cylindrical bearings on LS shaft
2 tilting pads bearings on HS shaft
1 double acting tilting pad thrust bearing on low speed shaft non driven end

Full speed, no load test during 4 hours according to the APl 613 5th Edition

64 Ymin of Ot ISO VG 46 at 60°C and 2.5 bar at inlet (calculated values only)

Efficiency at full load : 98.70 %
Power losses at full load : 21 kW {calculated value only)
Anticipated Sound Pressure Level: 82.0 £ 2dB(A) at 1 meter

Base price : 103 850 EUR each gear box
Delivery time : 36 weeks after the FG acknowledgement of the order
Quantity ; 1 gearbox
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FLENDER-GRAFFENSTADEN S.A., FRANCE
BP 84, F-67402 ILLKIRCH-CEDEX

1, rue du Vieux Moulin

F-87400 ILELKIRCH-GRAFFENSTADEN

Comments :

Coupling data taken into account on HS Shaft:

o Weight: 10.4 kg
o Center of gravity position from shaft end: 28.2 mm
o Inertia: 0.104 kgm®

Coupling data taken into account on LS Shaft:
o  Weight: 26.4 kg
o Center of gravity position from shaft end: 30.9 mm
o Inertia: 0.264 kgm®

Including :

Customer witness of test

After test disassembly and inspection

Noise level test report

Lateral analysis undamped

Documentation : downloadable elecironic file in English

Instrumentation (see the complete package on additional technical data sheetf):

Temperature package
12 RTD's PT100 Duplex 3 wires from Thermo Electric Company Inc.
(2 per bearing and thrust bearing side) not wired with terminal heads................... Price included

Bently Nevada vibration package
8 radial (4 per shaft} & 2 axial (on LS shaft} vibration probes, 2 accelerometers (1 per shaft), 2

keyphasors {1 per shaft) not wired ..............ccooooii Price included

Spare paris (Prices are net valid only if spares are ordered fogether with the gearbox):

Commissioning Spares

2 RTD's, 2 BN vibration probes, 2 BN accelerometers ............cooovcii e 7 900 EUR Lot Net
2 Years Normal Operation Spares

1 set of bearings with RTD's, 1 setof oil seals .........oovvveiein i 26 010 EUR Lot Net
Strategic Spare Parts

One complete set of rotating elements consisting of one pinicn and one gear.
Tested if ordered together with the main gearbox according to API813/03
Full Speed, No Lead, with Test Report............ e, 37 100 EUR Lot Net

Container for horizontal spare rotors storage painted according FG standard........ 16 850 EUR Lot Net

**CONFIDENTIAL
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GERAFFRSTADEN Job No. 41104 temMNo. _ 8
P.C. No. Osle
SPECIAL PURPOSE GEAR UNITS Requiition No.
AP! 613 FIFTH EDITION vty No.
DATA SHEET SIUNITS Revision 1 Date _ 06.03.2015 By HAt
Appilcabia To: @ Proposal O Purchasa O AsBuit & USStandards {1.7) & 50 Standards (1.
For Siemons AG Dulsburg Manulaclurer FLENDER-GRAFFENSTAREN
Site Khuwrsariyah Al Fadhll Model No. TX40i5C
Unit STC-5V 06.3-A Serdal No,
Servica EM/CC DOriver typa aloctric motor
MNo. required 1 Driven equpment cunlrifugal compressor
QTE bars arto a cabla APl standard 613 paraqra
O Information To ba complatad by purchasar O lInformation to be compieted by manufacturer
O UNITS OF MEASUREMENT H BASIC GEAR DATA
O US Cuslomary urits
® glunits @ Single stage (O Shagle helcal
O RATING REQUIREMENTS O Deubls stage @  poubls helleal
Driven equip. (29.4): Noom, Max KW Q Eployelic O horlzenta! offset
Driver: Rated Max kw
MNorral transritted power (2,2.2) kw Mechanleat rating {1.5,16) 2268 W @ 18007107379 mm
Gear unitrated povear {2.2.1} 1620 w Gear servica factor {2.2.3,1) 148 API 61372003 5 TH {actual)
Torque @ max cont speed Nm Fult load gear unit power loss 21 KW
Max terque (2.2.1) Nm @ mm Gear Unit Mechankal efficiency 98,70 %
O Reducer @ |ncieaser Rating speed Pinlon 10,737,9 Geat 1.800,0 pm
Rsted speed (2.1,6); Herdnass used for
Input 1800 mm Q Spesified & Nominal Rating, (HB or R¢) Pinlon 58 HRC Gear 58 HRC
Output 10736 opm O Spedited & Nominal Todth piting index, " (2.2.4.1) (2.2.4.2)
Al var In gesr ratio (2.1.5) (1) () % Altowable 247 Achual 208 MPa
Max continuous speed (1.6) 1800 ¢ 10738 pm Mateiisl Index number (Fig 3, Tabla 4) 303 MPs
Trip speed {1.5){2.1.7) 1980 / 118096 mpm Bending stress aumber, *5,* (2.2.5,1) (2.2.6.2}
Gear servics factor {2.2.3.1) 14  API6132003 8 TH {min) Pinlon:  AHowable 2854 Actusl 2510 MPa
Hardness (2.2.3.2) Pinton Gear Gaar Allervable 2854 Astusl 2388 MPa
Shalt assently deslgnatlon {2.1. 19} LR Pich ine veleclty 63,0 ms
HS shafl rot fac'g opf'g (2.1,20,2) cw [ sew Anlicipaled SPL {2.1.6) 82 B @ i m
LS shaft ret fac'g oplg (211.20.2) ow [ cow WR? seferred to LS shatt 26,88 kgm?
Exteinsi loads (2. 1.16) Breakaway torque 40 Nm @15 Shait
Cther operating conditions (2.2.2) (2.6.1.3) Pinon teeth hardness rangs 58 -63 HRG
Pinkan testh hardening method CARBURIZED
Q INSTALLATION DATA (21'14} [ HS shah separate  hardness range
£ ndoor O Hestea O underroot Gear teeth (im) hardness renge 59 - 63 HRC
Outdoer G Urheated 0 Partial sides Gear teeth hardening method CARBURIZED
O rade 3 wozzanine ONSHORE Gearhub:
L) wirterization required O Tropicatization required Forged cyllnger [ Forged & Copped [ Fatxlcated

[

Electrical area (2.1.10) Glass Grp Dv Gear to Shat fit methed (2.5,3.2)
Electrical srea (2.1.10) Zeae 2 Gp A Temp T °C [ tntegat L] Keyad interdarence Keyless intedference
Max allow SPL (2.1.6) aB(A) @ o] Rim altachment {2,5.3.2) FORGED GEAR WHEEL
Etavation m Barometer kPa abs L8 shaft hardness rangs HE 230 - 274
Range of amblent temperatures ; Journsl static welght loads {2.6.6.3)
Dry bty Wet bulb Pinlon 37! 4 Kg Gear 347 1 253 kg
Neemal °G ‘C Total gear unit sssembied welght 1960 kg
Maxinium 82 C G NOTES :
Minlroum 1] "C G
Unusust condtions [] oust [ Fumes

114
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GRAFFEMNSTABEN Job No, 41104 llenNo. B
P.O, No, Bate
SPECIAL PURPOSE GEAR UNITS Requlsiton No.
APl 613 FIFTH EDITION Inagity No.
DATA SHEET 51 UNITS Revislon 1  Date 06032015 By HNI
B GEAR DATA O COUPLINGS AND GUARDS
Pinton Gear Rinfon Geagr
Numnter of teath 29 173 Coupling furnished by (3.2.1) Compr. Supptier | Compr. Supplier
Gear ratio 597 Mount coupting halvas (3,2.3) Compr. Suppller | Compr. Supptier |
Tangentlal load, *“Wi* {2,2,4,2) 25731 N Cplg. guard adapler by (3.2.3) Gear Supplier Gear Suppller
AGMA Geometry factor *J* 052 9,54 Colg. gusrd furntshed by (3.2.3) Compr. Supplier | Compr. Suppiler
Fitch dizmater 111,88 668,02 mn Coupling vendor {3,2,3)
Quislde demeter 129,30 873,50 i Vendor's model number (3.2.3)
Raol dismetar 103,05 656,32 mm Goupling welghl on shafl, kg 104 26,4
Canler groove diameler 93,00 640,00 mm GG Inboard  pulbosard of shafl end Outboard Outboard
Normal pressure engle 20,60 dag Hub drill templale provided O L]
Normel dismatral pach 128 it B SHAFT END DETAWL (25.4.2)
Hellx engle 24,25 deg Shafl end detall specified by: & Purchaser ) Gearvendor
Cenler dislance 390,60 i (tntegrs! tnless otherwiss specified)
Backlash min 028 mm | Shafl end detall il ‘stherw!se’ specilled;  Pinlon Geer
Nat faca widih, *Fw" 130,00 mm Taperod / Koyless o 0O o D
Pinfon LID 1,74 Tepered ! 1-Key O O o 0O
Faca overlap ratlo 486 Tepered ) 2.Kays o 0O o
Transversa conlact rate 1,45 Cylindrical / 1 Key o O o O
AGMA 6011 service factor 2,87 Cylindrical / 2 Keys o [ o O
Rating basad on ANSUAGMA 6011 wilh SF=1.0 Other Fianged @ O ® O
Duwrabitly Fower 5404 W Shat diamatar 750 120,0 mm
Slrength Power 4652 KW {l{ integral fange use diamater imediataly ad)acent to fange)
Teolh Swiface Finlsh, Ra 0,4 04 L 5 RADIAL BEARINGS
Foath Generation Process Hobbing Hebblng Finlon Gaar
Tooth Flnfshing Process  _ Grinding Grindlng Type TPADS f Y.PADS vt [ on.
Lead modification {2.2.4.6) ® NotReq'd O Reqd Diameter 80 ! 8¢ 120 !} 129 mm
Calcutated TotalLead Mismatch Gy lenglh 56 ! 58 606 /&0 men
JSournal valocily 450 } 4590 H3 ! #13 m/s
B SCUFFING DATA (2.2.6) Loading 3.08 ! 310 252 | 2,26 W
Scuting Date per ANSVAGMA 225 A03 Clearance (min-mex} mim
Scufing Risk (22.6) <=5% [Low)  Calsulston Method AGMA92E Span 240 340 mm
Composile sutfaca roughnaxss, ox 057 53 Powar {oss Bach bearlng 63 | 83 07 ! 07 kWY
Specific fim thickness, EHL. Amin 254 pin Ol flow esch bealing 150 | 150 50 [t 50 Yrnin
Tooth temperature, B 86 G
Mexmum confact lemperature, 88mex a3 °'C K THRUST BEARINGS
Localion OPP.CPLG,SIDE
B MATERIALS Manufacturer FLENDER FLENDER
Gear caslng Stest Ol sesls sleminlum Type NO COMB.TAP.LANDS
Pintor{s) 19CeNiM o7 -6 Siza BPK LEG 4"
Gear im{s) 18CeNiRI07-6 nes 5160 nne
HS Snaft integrat LS Shall 42C1Mod koading 1,35 MPa
Redisl beerings Babblt Backing Steet Ratng 1,59 MPa
Trrust beering(s) Babblt Backing Steel InL thvustioad N
Ext, thrust toad 2,700 4.250 N
O SHAFT END DETAIL Power loss each 0,0 5,0 ]y
Gear shafl end for coupling Inleg at fsnge (2.5.4.2) O flow each bearing 0.0 159 H#min

Pinton shaltand for coupting ntegr st fange (2.5.4.2)

Othar & WITHOUT BOLTS

NOTES :

444
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GHAFFERSTAREN Job N 41104 HemNo, B
PO, No, Date
SPECIAL PURPOSE GEAR UNITS Requistion No.
AP| 613 FiIFTH EDITION Inquiry No.
DATA SHEET 81 UNITS Rovision 1 Date  08.03.2015 By HNt
O LUBRICATION REQUIREMENTS O ADDITIONAL REQUIREMENTS
[ 01 system furnished by (26,3} O VIBRATION DETECTORS
[ cther [] Gearvendor | RADIAL (3.4.2.13 [2.7.4.5) (2.7.4.6)
] ol vise, op @ 40°C < @ 100G (2.8.6) Manufactuorer BENTLY NEVADA Total No. 8
[ 180 Grade Lead stage (2.2.6) 0 X-Y pecbes pinton bearings Cougling end Bhnd end
X-¥ probes gear beadngs Coupiing &nd 8ind end
B MESH ] Cther
Mash and windags power loss 2,6 KW AXIAL (3.4.2.1)(2.7.4.8) (2.746)
Off fow, mash 9,0 #min Manulacturer BENTLY NEVADA Total No. 2
[} Bual prebas el each thrust beating
B LUBRICATION REQUIREMENTS [} Single proba any shaft without {hust besiing
Min. starlup ol temper sture 20,0 ‘G [ othar
Normai ofl inlet temperatire 80,0 ] ONE EVENT PER REVOLUTION PROBE (2.7.4.6) (2.7.4.8)
Maximum di Infet lemperature £5.0 C Manufacturer BENTLY NEVADA Telal No. 2
Unlt oll Now (total) 84,0 Fmifn One on Input shaft One on output shafl
Unit oll prassura 2,5 bar ] Cther
O ot vise. < @ 40°C @ 100°C {2.8.6)| ACCELEROMETER{3.4.2,1) (2.7.4.6) (2.74.6)
[} 150 Grada " 46 Load stage (2.2.6) 78 Manufaclurer BENTLY NEVADA No. required Fi
Firlon soupling end Gear coupling end
H PIPING CONNECTIONS [ Other
Serwvica Mo, Size Type
Lubes oft Flet 1 15in. ANSE150LES O TEMPERATURE DETECTORS
Luba off eutiet 1 6 in. ANSE150 LES £] Dattyps thermometers (3.4,2.7)
Caslng draln * Type brg. temp. sensors (3.4.2.7) (2.7.1.3} PT100
Vent 1 1,5in. ANS1150 LBS (3 m1O {1 Thermecoupte / {1 simpiex Dugplex
Casing purga Calisration Yas
* Casing drain is 'dead bottom' heusing draln, not lute off cutlet [7} Hsns bearings no. sensors each 2 ! 2
O MOUNTING PLATES Thrust aumber of sensing elements aach lace 2
[} Gear fumishied with (3319
3 Baseplate [0 solepate [ subpalels) (23.2.10) © OTHER VIBRATION AND TEMPERATURE
N Meunting plates(s) furrished by (3.3.1.1) {54.2.5} (3.4.2.8) Giher Gear vendor
] Baseptate teveting (3.2.2.3) Oadflater demoddator supriied by O ]
| Baseptate with leveling pads {3.3.2.3) Vibration monitor suppled by M
i_] Basepisie sutable for column mounting {3.3.2.4) 1 vibration shutdown delay kima seconds
{1 Vendor review of purchaseds fcundatlon dwgs. (2.1,13) Temperatwre monitor supplied by m
[ Grout type {3.3.1.2.4) Osdiater demoduator J-box by 0
Tenp. senser tenmination J-bog by 0
© CONTRACT DATA JLbox lypa Mount
[ Test data prior ta shipment
[ Progress repest (5.2.3) O MIBCELLANEQUS
W] Vendor ggnofl of inspecior checklist (4.1.1.3} Undamped critfcal analysis report {2.6.2.1)
[A] nformakicn retaingd for 20 vears (4241 (4228.1) £ v dampd rolr respns anslys rpr (2.6.2.4.3) (2.6.2.6)
) Technica! manusl (£.3.5.4) Torsonal analysis by (26.5.2) {7} Gear vendor Other
PAINTING (4.4.2.1) Flander standard RALSD15 (blue) Spare set of gear rolors (4.3.24)
Psinting housing Intarior not alfcwed (2.3.1.14}) [ Gear ¢casa fumished with in'et purge connection {2.4,3)
O SHIPMENT [} Crientstion of o intet & drain conns. {2.4.6)
[ steet rotor storage contalner (4,46 O shat covers (4.4.4) Filter breather locatlon {2.3.1.12) Prov, on uppet casing
Centract unit Spates 0 Torsional davice provisions (2.6.4.6)
Export boxing | [l [J Rator vertical storage provistons (2.5.4.8)
Dameshic boxing ] [l O Retor verticat storage fixture{s) (3.8.2}
Outdoor storage over 6 mos, ] 3 years indoor [ (4.4.3.0 [ vendor service rep. on site (2.1.13)

L
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GEIAEFERSTRER Job No. 41104 temNo, _ B
P.O. No, Date
SPECIAL PURPOSE GEAR UNITS Requislion No.
API 613 FIFTH EDITION Incuiry No.
DATA SHEET SIUNITS Revslon 1 Dale 08032015 By HNI
1 O INSPECTIONS AND TESTS {4.1)
2| [3 Advancenolice of witrass lesting req fred (4.1.3) NOTES:
3 Number calendar days
4 During stat-up, gears can exhibit a translent spike reading
4] Req'd Witnass Observe Tastlog of vibratlon levels that vill exceed shuldown seflings.
6 | ShopInspecton(4.1.1) & U L Therefora a telp mubtiplier Is resommended in tha ¢entrol
7| Ciseninassinspecilon (4.2.3.1) g a u system.
9 | Hedress Verificalion (4.2.3.3} 2 thl C
9| Dismanteresssembly (4.3.23.1) u (W [ fdechanlcal running test duratlon 4 hours Including
10| Contast Chegk (2.6.2.2) {5 (W G - Shatt vibratlon rocord using job vibratlon probas if ordared
11| Contact Check Yape LIl (2.6.2.2) e il G B - Baarings temperature racords
12| Gear accuracy check {2.6.2.1) a O G - Caslng vibration measurement
13| Deuble helics! exlel slatilily (2.5.2.3) H [ - Sound lavel pressure measurement
14| Speclal tesling Integrel forged gears (2.5.3.3} - Power losses measurement at oll outet
15| (testing per mutus! agreament} 0 Ll [ 0 - Performed with oll ISQ VG 32
16| Residusl urbalsnce check (2.6.6.2) g G
17| Mechenicel Run Tes! {(Maln) (4.3.2) 0 G Oil flow requirement and power lossns are cafcuiated values
18| Machanical Run Tesl {Spare) (4.3.2.4)8 1] 0O O only, add normal safety margins for slzing haat exchangers.
18| Add. Mechantce! Tests (4.3.2.2.18) O ] G D
20| Par of Full Load And Fall Speed
21 Tast {4.3.3.4) il l L O
22| Full torque, reduced speed (4.3.3.2) L N G D
23| Ful Torqus Stalic Test (4.5.3.5) i 0 O
24| Back-To-Back Locked Terque
25 Tasl {4.3.3.4) 0 0 L3 O
26| Sound Leve! Tes! (4.2.3.5) 0o L3
27| Addtonal gesr teotntest (4.2.2.8) 5 a L L)
28| Use shop Lube System ] 0
29| Usejob lube syslem i a L
20| Use shop Vibration Prebes, Ete. i a [z
31| Uss job Vibrstion Probes, Ete. 0 04
32| Finst Assembly, Manienance &
33 Running Clearance (4.2.1.1.6) 0 [
34| Ol System Ciesrtinass (4.2.3.2) 0 O
35| Ol System-Cssing Jolnt
36 Tightnass (4.3.2.1.4} ] L1 O
37| Waming And Protaclion
a8 Devices (4.3.2.1.5) O 0 3
20| Seismic vibrston Data ,32.23) D O [ L
40| Vibralion, Phase Plols (4.3,2.2,12) 1 O
41| Ol Inel Range lest (4.3.2.2.13) 0 0 (] O
42| Teparecorded Vibralon Data [ | O
43| (4.3.2.2.14) {4.2.2.2.15) L) pucchaser copy
44| NONDESTRUCTIVE TESTING (4.2.4.2) (4.2.2.1)
45 Surfece  Subsurface Log
46| [3 Casing {3 0 (1]
47 Rol Ejemis.
48 Bsanngs
s0] O Oher: L1 ] [}
5G| (Specify) -
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Job No. 41104 temNo. B
P.O. No. Date
ADDITIONAL TECHNICAL DATASHEET RequistionNo.
Inquiry No.
Revision 1 Dale  06.03.2016 By HNi
H ¥l ADDITIONAL GEAR DATA 3 TURNING GEAR (Dimensioning is prellminary 1)
2 Efficlency Calculation resulls
al Percent of rated power Efficiency Required tuming speed em
4 100% 98,70 Actual turning speed pm
5 ) 75:;.(, ' 98,66 Required breakaway torque Nm:
[ 50% 98,38 Actual breakaway torque Nm
7 255 07,42 Aclual maximun lorque S Nm
8 10% 87,68 Aclual accelecation tms 3
9
i0 Losses Motor
1 Supptiar
$2 Power loss at no lead kW Power W
13 Heat refection kealin Voltage \'
14 Frequency ___ Hz
15, [1 PUMP DETAILS {Dlmensioning Is preliminary 1) Speed o pm
18] Electric slandard
17} Design:
18{ Speed: i em Turning gear
19]  Qitfiow : e ¥min Type
20{ Oif pressura: bar Ralio
21| NPSH: m
221 Safely valve T T Chirtel
23] Driving methed : Type e
24f Material: Max. allowable lorque Nm
"ol Franges. e MR ERRRERRARIRUE e
25| Testing: Miscellaneous
271 Furnitura of ATEX certificata : Starting device
@ 7 swichdetals _
28
39 # INSTRUMENTATION PACKAGE
3 Thermometer Thermoelemenis
32
31 Bearing Thrusi bearing ‘ Citinlet/foutiel Bearing Thrust bearing Qil inletfoutlet
34] [Qiy Type DUPLEX 2x3F { DUPLEX 2x3F
35] [Type ClassHication IEC60751 1EG60751
£ Removable
37 from the outskie NO NO
38 ATEX ATEX Eexia ATEX Eaxia
39
40 Shaff vibrations
41
42 Radial Axial Keyphasor Accelerometer
43 lrypa BN, 3300 Xt 8mm Sys. 9t 1S No £N, 3300 XL 8mm Sys. 94 | ACCELEROMETER BENTLY
44 1.8 | BENTIY NEVADA 3300 XL 6mm 55 SN
45 Probe Yes HS No Yes
L i T L o .
4 Proximitor Yes HS Yes W //W
48 Ls / A
49 Probe holder Yes Ha Yes W////
50 18 Yas /A
51 Connection head Yes HS No Yes W////
S ) L8 Yas ﬁ
53] Imounting kit A e S Yes
54
55 Junctfon boxfas) Miscellaneous
55
57| Qiy |dentfication wire conduit 1 junction box
£8) Manufaclurer Condul! type
591 Materiat Transmitter type Qty _
60] ATEX None Terminal block type Qly
63
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FLE N D E R FLENDER-GRAFFENSTADEN S.A., FRANCE
BP 84, F-67402 ILLKIRCH-CEDEX

1, rue du Vieux Mouli
Q‘fl[j RAFFENST ;’:’i“f ¥yt F—él;i(l(;l ILILe}EJIECal-I(."::?AFFENSTADEN

Commercial Conditions
—  Prices are quoted FCA lllkirch-Graffenstaden following Incoterms 2010 including packing cat 1A of SEl,
1999 issue, ind. 2,

- Progress payments : 100% at delivery.

—~  This quotation is subjected to the Flender Graffenstaden Standard Terms and Conditions of Sales and
valid for acceptance until the 15" of July 2015.

—  Where approval of drawings is required, approval must be in line with the document schedule.

- Warranty period is 18 months of operation or 24 months after delivery whichever occurs first. We
recommend the supervision of our engineer for the commissioning.

- Flender-Graffenstaden SAS shall not be obligated to fulfill this agreement if such fulfilment is prevented
by any impediments arising out of national or international foreign trade or customs requirements or any
embargoes or other sanctions.

Applicable documents for the quotation (available on demands)
Documents schedule,
Quality plan
Painting standard,
Standard Terms and Conditions of Sales

We thank you for the opportunity of quoting and look forward to the pleasure of serving you.

Very truly yours,

N. H Y. FRIEDMANN

(ij.ed er) (Sales Manager)
0 =

Generated with CAMEC V 4.9.5 26 Fev 2014

** "This quotation is subject to confidentiality. Information thereof may not be shared with or forwarded
to any third parties!”
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