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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  hydr aul i c f l ui d power  syst ems.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

PART 1   GENERAL

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.
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Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

ASME I NTERNATI ONAL ( ASME)

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASME B1. 20. 1 ( 2013)  Pi pe Thr eads,  Gener al  Pur pose ( I nch)

ASME B1. 20. 2M ( 2006;  R 2011)  Pi pe Thr eads,  60 Deg.  
Gener al  Pur pose ( Met r i c)

ASME B1. 20. 3 ( 1976;  R 2013)  Dr yseal  Pi pe Thr eads ( I nch)

ASME B16. 11 ( 2016)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Threaded

ASME B16. 5 ( 2017)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B17. 1 ( 1967;  R 2017)  Keys and Keyseat s

ASME B17. 2 ( 1967;  R 2017)  Woodr uf f  Keys and Keyseat s

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2015)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B18. 6. 2 ( 1998;  R 2010)  Sl ot t ed Head Cap Scr ews,  
Squar e Head Set  Scr ews,  and Sl ot t ed 
Headl ess Set  Scr ews:  I nch Ser i es

ASME B31. 1 ( 2016;  Er r at a 2016)  Power  Pi pi ng

ASME B40. 100 ( 2013)  Pr essur e Gauges and Gauge 
Attachments

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qualifications

ASME BPVC SEC VI I I  D1 ( 2017)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

ASSOCI ATI ON FOR I RON AND STEEL TECHNOLOGY ( AI ST)

AI ST PB- 229 ( 2008)  St ai nl ess St eel s:   A St eel  Pr oduct s 
Manual
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ASTM I NTERNATI ONAL ( ASTM)

ASTM A106/ A106M ( 2018)  St andar d Speci f i cat i on f or  Seaml ess 
Car bon St eel  Pi pe f or  Hi gh- Temper at ur e 
Service

ASTM A108 ( 2013)  St andar d Speci f i cat i on f or  St eel  
Bar ,  Car bon and Al l oy,  Col d- Fi ni shed

ASTM A182/ A182M ( 2018)  St andar d Speci f i cat i on f or  For ged 
or  Rol l ed Al l oy and St ai nl ess St eel  Pi pe 
Fl anges,  For ged Fi t t i ngs,  and Val ves and 
Par t s f or  Hi gh- Temper at ur e Ser vi ce

ASTM A234/ A234M ( 2018)  St andar d Speci f i cat i on f or  Pi pi ng 
Fi t t i ngs of  Wr ought  Car bon St eel  and Al l oy 
St eel  f or  Moder at e and Hi gh Temper at ur e 
Service

ASTM A36/ A36M ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A519/ A519M ( 2017)  St andar d Speci f i cat i on f or  Seaml ess 
Car bon and Al l oy St eel  Mechani cal  Tubi ng

ASTM A574 ( 2017)  St andar d Speci f i cat i on f or  Al l oy 
St eel  Socket - Head Cap Scr ews

ASTM A576 ( 2017)  St andar d Speci f i cat i on f or  St eel  
Bar s,  Car bon,  Hot - Wr ought ,  Speci al  Qual i t y

ASTM A659/ A659M ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
Commer ci al  St eel  ( CS) ,  Sheet  and St r i p,  
Car bon ( 0. 16 Maxi mum t o 0. 25 Maxi mum 
Per cent ) ,  Hot - Rol l ed

ASTM B117 ( 2016)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM D3951 ( 2015)  Commer ci al  Packagi ng

I NDUSTRI AL FASTENERS I NSTI TUTE ( I FI )

I FI  100/ 107 ( 2002)  Pr evai l i ng Tor que- Type St eel  Hex 
and Hex Fl ange Nut s Regul ar  and Li ght  Hex 
Series

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 10763 ( 1994)  Hydr aul i c  Fl ui d Power  -  Pl ai n- end,  
Seaml ess and Wel ded Pr eci s i on St eel  Tubes 
-  Di mensi ons and Nomi nal  Wor ki ng Pr essur es

I SO 11727 ( 1999)  Pneumat i c  Fl ui d Power  -  
I dent i f i cat i on of  Por t s and Cont r ol  
Mechani sms of  Cont r ol  Val ves and Ot her  
Components
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I SO 5598 ( 2008)  Fl ui d Power  Syst ems and Component s 
-  Vocabul ar y

I SO 9461 ( 1992)  Hydr aul i c  Fl ui d Power  -  
I dent i f i cat i on of  Val ve Por t s,  Subpl at es,  
Cont r ol  Devi ces and Sol enoi ds

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2009)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 1 ( 2000;  R 2015)  St andar d f or  I ndust r i al  
Cont r ol  and Syst ems:  Gener al  Requi r ement s

NEMA I CS 2 ( 2000;  R 2005;  Er r at a 2008)  I ndust r i al  
Cont r ol  and Syst ems Cont r ol l er s,  
Cont act or s,  and Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14;  TI A 17- 15;  TI A 17- 16;  TI A 17- 17 )  
Nat i onal  El ect r i cal  Code

NATI ONAL FLUI D POWER ASSOCI ATI ON ( NFLPA)

ANSI / NFLPA T3. 16. 2 ( 1997;  Rev 1;  Reappr oved 2005)  Hydr aul i c 
Fl ui d Power  -  Desi gn f or  Noni nt egr al  
I ndust r i al  Reser voi r s

NFLPA T2. 13. 1 ( 2007;  5t h Ed)  Recommended Pr act i ce – 
Hydr aul i c Fl ui d Power  – Use Of  Fi r e 
Resi st ant  Fl ui ds I n I ndust r i al  Syst ems

NFLPA T3. 28. 9 ( 1989;  R 2009;  2nd Ed)  Fl ui d Power  Syst ems 
and Pr oduct s -  Movi ng Par t s Fl ui d Cont r ol s 
-  Met hod of  Di agr ammi ng

NFLPA T3. 5. 1 ( 2002;  R 2015)  Hydr aul i c Fl ui d Power  -  
Val ves,  Mount i ng Sur f aces

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AS598 ( 2012)  Aer ospace Mi cr oscopi c Si z i ng and 
Count i ng of  Par t i cul at e Cont ami nat i on f or  
Fl ui d Power  Syst ems

SAE J1165 ( 1979;  R 1986)  Repor t i ng Cl eanl i ness 
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Level s of  Hydr aul i c Fl ui ds

SAE J514 ( 2012)  Hydr aul i c  Tube Fi t t i ngs

UNDERWRI TERS LABORATORI ES ( UL)

UL El ect r i cal  Appl i ance ( 2012)  El ect r i cal  Appl i ance and 
Ut i l i zat i on Equi pment  Di r ect or y

1. 2   DEFINITIONS

The def i ni t i ons of  t er ms havi ng a uni que meani ng i n f l ui d power  t echnol ogy 
shal l  be t hose gi ven i n I SO 5598.

1. 3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
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appr oval . ] [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G[ ,  [ _____] ]

I nst al l at i on;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Spar e Par t s;  G[ ,  [ _____] ]

Fi el d I nst r uct i ons;  G[ ,  [ _____] ]

SD- 04 Sampl es

Hydr aul i c Fl ui d

SD- 06 Test  Repor t s

Fi el d Test s and Cl eani ng of  Hydr aul i c Li nes

SD- 07 Cer t i f i cat es

Welding

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G[ ,  [ _____] ]

Fi el d Test s and Cl eani ng of  Hydr aul i c Li nes;  G[ ,  [ _____] ]

1. 4   QUALI TY ASSURANCE

1. 4. 1   Welding

**************************************************************************
NOTE:   I f  need exi st s f or  mor e st r i ngent  
r equi r ement s f or  wel dment s,  del et e t hi s f i r st  
subpar agr aph and use t he second.

**************************************************************************

St r uct ur al  member s shal l  be wel ded i n accor dance wi t h Sect i on 05 05 23. 16 
STRUCTURAL WELDI NG.   Per f or m wel di ng f or  pi pi ng i n accor dance wi t h 
qual i f i ed pr ocedur es usi ng per f or mance qual i f i ed wel der s and wel di ng 
oper at or s.   Pr ocedur es and wel der s shal l  be qual i f i ed i n accor dance wi t h 
ASME BPVC SEC I X.   Wel di ng pr ocedur es qual i f i ed by ot her s,  and wel der s and 
wel di ng oper at or s qual i f i ed by anot her  empl oyer  may be accept ed as 
per mi t t ed by ASME B31. 1.   Not i f y t he Cont r act i ng Of f i cer  24 hour s i n 
advance of  t est s and t he t est s shal l  be per f or med at  t he wor k s i t e i f  
pr act i cabl e.   Appl y t he wel der ' s or  wel di ng oper at or ' s assi gned symbol  near  
each wel d made as a per manent  r ecor d.   Submi t  a copy of  qual i f i ed 
pr ocedur es and a l i s t  of  names and i dent i f i cat i on symbol s of  qual i f i ed 
wel der s and wel di ng oper at or s.
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1. 4. 2   St r i ngent  Requi r ement s

Wel di ng and nondest r uct i ve t est i ng pr ocedur es f or  pi pi ng ar e speci f i ed i n 
Sect i on 40 05 13. 96 WELDI NG PROCESS PI PI NG.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
humi di t y and t emper at ur e var i at i on,  di r t  and dust ,  or  ot her  cont ami nant s.

1. 6   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed,  af t er  appr oval  of  det ai l  dr awi ngs and not  l at er  t han [ _____]  
mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a 
compl et e l i s t  of  par t s and suppl i es,  i ncl udi ng l ubr i cant s and f l ui ds,  
cur r ent  uni t  pr i ces,  sour ces of  suppl y,  and a l i s t  of  t he par t s r ecommended 
by t he manuf act ur er  t o be r epl aced af t er  [ 1]  [ and]  [ 3]  year ( s)  of  ser vi ce.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

2. 1. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct s and t hat  
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  l east  
2 year s pr i or  t o bi d openi ng.   I t ems of  t he same c l assi f i cat i on shal l  be 
i dent i cal ,  i ncl udi ng equi pment ,  assembl i es,  par t s,  and component s.   
Equi pment  shal l  be suppor t ed by a ser vi ce or gani zat i on t hat  i s ,  i n t he 
opi ni on of  t he Cont r act i ng Of f i cer ,  r easonabl y conveni ent  t o t he s i t e.

2. 1. 2   Nameplates

The manuf act ur er ' s name,  addr ess,  and cat al og number  shal l  be per manent l y 
di spl ayed on a pl at e secur el y at t ached t o each maj or  i t em of  equi pment .   
El ect r i cal  equi pment  l i s t ed i n UL El ect r i cal  Appl i ance shal l  have UL l abel  
or  r egi st r at i on pl at e secur el y at t ached t o t he i t em of  equi pment .

2. 1. 3   Pr event i on of  Cor r osi on

Pr ovi de f ast ener s and namepl at es of  cor r osi on- r esi st ant  mat er i al s.   
Sur f aces of  pr oduct s,  such as pumps,  cyl i nder s,  f l ui d mot or s,  and s i mi l ar  
component s,  of  f er r ous met al ,  wher e not  ot her wi se speci f i ed,  shal l  be gi ven 
a cor r osi on- pr ot ect i ve coat i ng at  t he f act or y.   Manuf act ur er s '  st andar d 
coat i ngs ar e accept abl e,  pr ovi ded t hat  coat i ngs f or  i nt er i or  use can 
wi t hst and cont i nuous exposur e t o sal t  spr ay f or  120 hour s and coat i ngs f or  
ext er i or  use f or  504 hour s.   The f og t est  shal l  conf or m t o ASTM B117.   
I mmedi at el y af t er  compl et i on of  t he t est ,  coat i ng shal l  show no si gns of  
wr i nkl i ng,  cr acki ng,  or  l oss of  adher ence,  and t he speci men shal l  show no 
si gns of  cor r osi on cr eepage beyond 3 mm l / 8 i nch on ei t her  s i de of  t he 
scr at ch mar k made as speci f i ed.   I f  coat ed sampl es have successf ul l y  
wi t hst ood t he sal t  spr ay t est  wi t hi n t he pr ecedi ng 2 year s,  cer t i f i cat es 
wi l l  be accept abl e i n l i eu of  t est i ng.
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2. 1. 4   Equi pment  Guar ds and Access

Gear s,  coupl i ngs,  pr oj ect i ng set scr ews,  keys,  and ot her  r ot at i ng par t s 
shal l  be f ul l y  encl osed or  pr oper l y guar ded t o pr ecl ude per sonnel  cont act .

2. 2   HYDRAULI C PUMPS

Pump vol umet r i c r at i ngs,  t est s,  t ype,  appl i cat i on,  and mount i ng pr ovi s i ons 
shal l  be i n accor dance wi t h manuf act ur er ' s i nst r uct i ons and t est ed by 
appr oved met hods f or  conf or mance wi t h per f or mance r at i ngs.   Pump r ot at i on 
shal l  be as i ndi cat ed.   Pumps shal l  be r at ed f or  cont i nuous oper at i on at  a 
di schar ge pr essur e equal  t o or  gr eat er  t han t he pr essur e i ndi cat ed.   The 
r at ed di schar ge capaci t y of  each pump shal l  not  be l ess t han i ndi cat ed when 
t he pump i s oper at ed at  t he desi gn i nput  speed and di schar ge pr essur e.

2. 2. 1   Gear  Pumps

Gear  pumps shal l  be [ f i xed]  [ var i abl e]  [ or ]  [ _____]  t ype.   Cover s and 
cent er  sect i on shal l  be [ hi gh st r engt h al umi num al l oy di e cast i ngs]  [ st eel ]  
[ cast  i r on] .   Thr ust  and wear  pl at es shal l  be [ heavy- dut y br onze coat ed 
st eel ]  [ br onze]  [ or ]  [ _____] .   Manuf act ur er ' s [ st andar d]  [ or ]  [ _____]  shaf t  
seal s shal l  be used f or  r ot ar y pumps.   Seal s and wear  pl at es and ot her  
wear i ng par t s shal l  be r epl aceabl e and shal l  be sui t abl e f or  t he 
appl i cat i on,  dut y,  and t emper at ur es i nvol ved.

2. 2. 2   Vane Pumps

2. 2. 2. 1   Fi xed Di spl acement  Vane Pumps

Fi xed di spl acement  vane pumps shal l  be hydr aul i cal l y  bal anced t ypes.   
Housi ng shal l  be [ hi gh t ensi l e st r engt h duct i l e i r on]  [ cast  i r on]  [ _____] .   
Vanes shal l  be [ heat  t r eat ed hi gh- speed t ool  st eel ]  [ _____] .   Shaf t  and 
r ot or  shal l  be [ case har dened st eel ]  [ _____] .   Shaf t  shal l  r i de i n bear i ngs 
at  bot h ends.   Cam r i ng shal l  be [ hi gh car bon chr omi um st eel ]  [ _____] .   
Doubl e vane pumps shal l  be pr ovi ded when i ndi cat ed.   Seal s shal l  be [ Buna 
N]  [ ni t r i l e r ubber ]  [ f l uor oel ast omer ]  [ _____] .

2. 2. 2. 2   Var i abl e Di spl acement  Vane Pumps

Var i abl e di spl acement  vane pumps shal l  i ncor por at e means f or  var yi ng t he 
pump di spl acement  f r om zer o t o t he maxi mum r at ed quant i t y whi l e t he pump i s 
oper at i ng agai nst  t he syst em pr essur e i ndi cat ed.   Mat er i al s shal l  be as 
speci f i ed f or  f i xed vane pumps.   Pumps shal l  be ar r anged f or  adj ust ment  of  
di schar ge vol ume by [ mechani cal ]  [ el ect r i cal ]  [ hydr aul i c]  [ pneumat i c]  
means.   The pump di spl acement  shal l  be cont r ol l ed by [ i nt egr al  aut omat i c 
pr essur e compensat i on]  [ adj ust ment  scr ew]  cont r ol .   The pump casi ng shal l  
be pr ovi ded wi t h a t apped out l et  f or  connect i on of  an ext er nal  dr ai n l i ne.   
Pump por t s shal l  be [ NPT]  [ t apped NPTF]  [ t apped f or  st r ai ght  pi pe t hr eads]  
[ dr i l l ed and f aced f or  f l ange connect i ons]  [ socket  wel d] .

2. 2. 3   Pi st on Pumps

Pi st on pumps shal l  be [ cyl i nder  bl ock i n- l i ne t ype whi ch r ever ses f l ow 
di r ect i on and cont r ol s f l ow r at e by means of  ext er nal  val ve bank]  [ axi al  
f i xed]  [ axi al  var i abl e]  [ or ]  [ _____] .   [ Axi al  var i abl e t ype shal l  be 
capabl e of  pr ovi di ng r ever sed f l ow wi t h const ant  di r ect i on of  i nput  shaf t  
r ot at i on. ]   [ Axi al  var i abl e t ype shal l  be sui t abl e f or  cont r ol  of  
di spl acement  [ and di r ect i on of  f l ow]  by [ manual ]  [ mechani cal ]  [ hydr aul i c]  
[ el ect r i c ]  [ pneumat i c]  devi ces. ]   [ Manual l y adj ust abl e maxi mum and mi ni mum 
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l i mi t s of  di spl acement  i n each di r ect i on of  f l ow shal l  be pr ovi ded. ]

2. 3   RESERVOIRS

Unl ess ot her wi se i ndi cat ed,  noni nt egr al  r eser voi r s shal l  conf or m t o t he 
gener al  r equi r ement s of  ANSI / NFLPA T3. 16. 2.

2. 3. 1   Basi c Const r uct i on

**************************************************************************
NOTE:   I nser t  t he appr opr i at e number  i n t he bl anks.   
Var i at i ons i n t he f l ui d l i ne connect i ons ar e 
per mi t t ed at  t he desi gner ' s opt i on.

**************************************************************************

Each r eser voi r  shal l  be br eat her  t ype of  wel ded [ car bon st eel ]  
[ cor r osi on- r esi st i ng st eel ]  const r uct i on wi t h r emovabl e c l eanout  pl at es 
pr ovi ded at  each end.   Cl eanout  pl at es shal l  have gasket s and shal l  be 
secur el y f ast ened t o t he r eser voi r  end pl at es.   Each r eser voi r  shal l  be 
s l oped t o a dr ai n pl ug l ocat ed at  t he l ow poi nt .   The bot t om of  t he 
r eser voi r  shal l  have a mi ni mum cl ear ance of  150 mm 6 i nches above t he 
f l oor .   The l egs or  base of  f l oor - mount ed r eser voi r s shal l  have sui t abl e 
hol es f or  f ast ener s.   A mi ni mum of  one i nt er i or  baf f l e shal l  be pr ovi ded t o 
separ at e t he r et ur n l i ne f r om t he pump suct i on l i ne.   A f i l t er  br eat her  cap 
and f i l l  por t  wi t h a [ _____]  mesh st r ai ner  shal l  be pr ovi ded.   Por t  cap 
shal l  have r et ai ni ng chai n.   A separ at e st eel  mount i ng pl at e at  l east  19 mm 
3/ 4 i nch t hi ck shal l  be pr ovi ded t o suppor t  t he pumpi ng uni t .

2. 3. 2   Fl ui d Li ne Connect i ons

The pump suct i on l i ne shal l  ext end as f ar  as pr act i cabl e bel ow t he l ow 
f l ui d l evel  but  shal l  c l ear  t he bot t om of  t he t ank by a di st ance equal  t o 
1- 1/ 2 t i mes t he nomi nal  l i ne s i ze.   The suct i on l i ne shal l  be equi pped wi t h 
a [ 100 by 100]  [ _____]  mesh ext er nal l y mount ed st r ai ner  havi ng a r at ed 
capaci t y not  l ess t han t wi ce t he pump di schar ge capaci t y.   St r ai ner  
mat er i al  f or  f i l t er s at  bot h t he suct i on l i ne and t he f i l l  i nl et  shal l  be 
[ 55- mesh nyl on]  [ 30- mesh br ass]  [ or ]  [ 30- mesh st ai nl ess st eel ]  mat er i al  
compat i bl e wi t h t he r eser voi r  mat er i al  and t he hydr aul i c f l ui d.   Dr ai n 
l i nes shal l  ext end bel ow f l ui d l evel .   [ Ext r a r et ur n and dr ai n l i ne 
connect i ons shal l  be bui l t  i nt o r eser voi r . ]

2. 3. 3   Magnet i c Separ at or s

Manuf act ur er ' s st andar d magnet i c separ at or s shal l  be pr ovi ded i n t he 
r eser voi r .   Magnet i c separ at or  shal l  consi st  of  a hi gh- st r engt h per manent  
magnet  ar r anged f or  r i gi d mount i ng wi t h t he pol es of  t he magnet  exposed t o 
t he f l ui d i n t he r eser voi r .   The magnet  shal l  be [ combi ned i n t he 
const r uct i on of  t he f i l l  s t r ai ner ]  [ mount ed on a r emovabl e r od assembl y 
i nst al l ed t hr ough t he t op of  t he r eser voi r ]  [ or ]  [ i ncor por at ed i n t he 
bot t om dr ai n pl ug] .   [ The dr ai n pl ug t ype i nst al l at i on shal l  i ncor por at e an 
aut omat i c val ve ar r anged t o per mi t  r emoval  of  t he magnet i c separ at or  f or  
i nspect i on wi t hout  l oss of  f l ui d f r om t he r eser voi r . ]   [ The dr ai n pl ug t ype 
i nst al l at i on shal l  i ncl ude pr ovi s i ons f or  aut omat i c chi p det ect i on wi t hout  
r emoval  of  t he pl ug. ]

2. 3. 4   Accessories

**************************************************************************
NOTE:   Ther momet er s may be del et ed at  t he desi gner ' s 
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opt i on.   Wher e r emot e oper at i on i s ant i c i pat ed,  t he 
desi gn shal l  i nc l ude a l ow- l evel  al ar m and pump 
cut of f  devi ce.

**************************************************************************

Manuf act ur er ' s st andar d r ecessed or  pr ot ect ed oi l  l evel  i ndi cat or  shal l  be 
mount ed i n a r eadi l y v i s i bl e l ocat i on i n pr oxi mi t y  t o t he f i l l er  openi ng.   
The f l ui d l evel  gauge shal l  be c l ear l y mar ked t o i ndi cat e t he maxi mum and 
mi ni mum desi gn oper at i ng l evel s and t he f l ui d l evel  when t he syst em i s 
i dl e.   [ Manuf act ur er ' s st andar d di r ect  i ndi cat i ng t her momet er  shal l  be 
pr ovi ded t o i ndi cat e f l ui d t emper at ur e i n t he r eser voi r .   Mer cur y shal l  not  
be used i n t her momet er s.   The t her momet er  shal l  be of  t he bi met al l i c  t ype 
mount ed di r ect l y  on t he r eser voi r  t op.   The t her momet er  shal l  have 90 mm 
3- 1/ 2 i nch di amet er  di al  wi t h bl ack mar ki ngs on a whi t e or  al umi num 
backgr ound.   Case and st em shal l  be cor r osi on- r esi st i ng st eel .   Scal e r ange 
shal l  be mi nus 7 t o 115 degr ees C 20 t o 240 degr ees F.   The t her momet er  
shal l  be r emot e r eadi ng,  capi l l ar y t ube- and- bul b t ype.   The t her momet er  
shal l  have a di al  not  l ess t han 90 mm 3- 1/ 2 i nches i n di amet er  wi t h bl ack 
f i gur es on a whi t e or  al umi num backgr ound.   I ndi cat i ng head shal l  be of  t he 
[ f l ush]  [ sur f ace]  mount i ng t ype.   Case shal l  be [ cast  i r on]  [ cast  br ass]  
wi t h bl ack enamel  f i ni sh.   Bul b and capi l l ar y t ube shal l  be 
cor r osi on- r esi st i ng st eel . ]  [ A l ow- l evel  al ar m and pump cut of f  devi ce shal l  
be pr ovi ded as i ndi cat ed. ]

2. 4   CYLINDERS

**************************************************************************
NOTE:   Unl ess t he desi gner  needs t o make t he 
choi ces,  because of  uni que cr i t er i a s i t uat i ons,  
sel ect i on of  mat er i al s and conf i gur at i ons shoul d 
r emai n as Cont r act or ' s opt i ons and t he br acket s 
shoul d be r emoved.

**************************************************************************

Hydr aul i c cyl i nder  shal l  be one of  t he t ypes l i s t ed i n I SO 5598,  and as 
speci f i ed or  i ndi cat ed,  of  t i e r od desi gn,  squar e head st andar d 
const r uct i on.   The pr essur e r at i ng of  t he cyl i nder  shal l  not  be l ess t han 
t he maxi mum syst em pr essur e i ndi cat ed.   The manuf act ur er  shal l  pr oduce 
evi dence t hat  each cyl i nder  was hydr ost at i cal l y  t est ed t o 200 per cent  of  
t he sever est  ser vi ce r at i ng and t hat  dynami c seal s ar e sui t abl e f or  bot h 
f r equent  and i nf r equent  oper at i on and ar e capabl e of  not  l ess t han 500, 000 
cycl es of  oper at i on i n syst ems pr oper l y mai nt ai ned.   Cyl i nder s shal l  have 
bor e,  st r oke,  and r od di amet er  as i ndi cat ed.   NFPA mount i ng st y l e shal l  be 
as i ndi cat ed.   The hydr aul i c cyl i nder  shal l  have [ adj ust abl e]  
[ nonadj ust abl e]  cushi ons on [ cap end onl y]  [ r od end onl y]  [ bot h ends] .   
[ Cushi ons shal l  have f r ee r ever se f l ow check val ves. ]   Cyl i nder s shal l  be 
pr ovi ded wi t h doubl e end r ods wher e i ndi cat ed.   Por t s shal l  be [ NPTF]  [ SAE 
st r ai ght - t hr ead O- r i ng]  [ _____] .

2. 4. 1   Cyl i nder  Tube

Cyl i nder  t ube shal l  be machi ned f r om ASTM A519/ A519M,  Gr ade 1018,  heavy 
wal l  seaml ess st eel  t ubi ng and shal l  have t he bor e honed t o a 254 t o 381 
nanomet er s 10 t o 15 mi cr oi nch r ms sur f ace f i ni sh.

2. 4. 2   Cyl i nder  Heads and Caps

Cyl i nder  heads and caps shal l  be f abr i cat ed f r om ASTM A576,  Gr ade 1018,  
st eel  bar  st ock and machi ne- f i ni shed on al l  sur f aces.   The cyl i nder  head 
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shal l  be equi pped wi t h r od seal  and ext er nal  di r t  wi per  and shal l  have r od 
bushi ng pi l ot ed i nt o head t o ensur e concent r i c i t y.   [ Rod bushi ng shal l  be 
r emovabl e wi t hout  t he use of  speci al  t ool s and wi t hout  r emovi ng t i e r ods or  
cyl i nder  head. ]   At t achment  of  cy l i nder  t ube t o head and cap shal l  be [ by 
st eel  t i e r ods havi ng a mi ni mum yi el d st r engt h of  690 MPa 100, 000 psi ]  [ or ]  
[ as i ndi cat ed] .   Removabl e at t achment s shal l  have t he cyl i nder  t ube end 
seal s ar r anged t o seal  wi t h pr essur e and shal l  be desi gned t o pr event  
shear i ng and ext r usi on and t o pr ovi de axi al  met al  backup.

2. 4. 3   Pistons

Pi st ons shal l  be pr eci s i on f i t t ed t o t he cyl i nder  body bor e.   Pi st ons shal l  
be [ f i ne- gr ai ned cast  i r on]  [ _____]  and shal l  be desi gned and equi pped wi t h 
[ zer o l eakage cup- t ype seal s]  [ br onze- f i l l ed pol yt et r af l uor oet hyl ene seal s 
wi t h phenol i c wear  r i ngs]  [ aut omot i ve- t ype l ap- seal ed cast  i r on r i ngs] .   
The desi gn shal l  pr ot ect  pi st on seal s f r om bl ow- out  and over  squeeze.   
[ Cups shal l  be sel f - r egul at i ng and shal l  aut omat i cal l y  compensat e f or  wear . ]

2. 4. 4   Pi st on Rods

Pi st on r ods shal l  be made of  [ medi um car bon st eel  of  y i el d st r engt hs of  620 
t o 690 MPa 90, 000 t o 100, 000 psi  f or  r ods 16 t hr ough 102 mm 5/ 8 t hr ough 4 
i nches i n di amet er ]  [ 620 t o 760 MPa 90, 000 t o 110, 000 psi  hi gh t ensi l e 
st r engt h st eel  usi ng ASTM A108,  Type C 1045,  f or  r ods 16 t o 64 mm 5/ 8 t o 
2- 1/ 2 i nches i n di amet er  and ASTM A108,  Type CR 4140 f or  r ods 76 t o 254 mm 
3 t o 10 i nches i n di amet er ] .   Rods shal l  be case har dened t o 50- 54 Rockwel l  
C,  pol i shed t o 254 nanomet er s 10 mi cr oi nch r ms sur f ace f i ni sh or  bet t er ,  
and har d- chr ome pl at ed t o 0. 0003 mi ni mum t hi ckness.

2. 5   FLUI D MOTORS

2. 5. 1   Vane Mot or s

Fi xed di spl acement  vane mot or s shal l  be [ hydr aul i cal l y  bal anced]  [ hi gh 
t or que,  l ow speed]  [ _____]  t ype.   Mot or s shal l  be r at ed f or  cont i nuous 
oper at i on at  a syst em pr essur e equal  t o or  gr eat er  t han t he pr essur e 
shown.   The mot or s shal l  be capabl e of  pr oduci ng an act ual  out put  t or que 
not  l ess t han shown when oper at i ng at  t he i ndi cat ed suppl y pr essur e.   
Act ual  di spl acement  shal l  not  exceed t he val ue shown.   The shaf t  shal l  be 
[ st r ai ght  keyed]  [ t hr eaded]  [ or ]  [ spl i ned] .   Shaf t s shal l  be capabl e of  
r ot at i on i n ei t her  di r ect i on.   The mot or  casi ng shal l  be pr ovi ded wi t h a 
t apped out l et  f or  connect i on of  an ext er nal  dr ai n l i ne.   Mot or  por t s shal l  
be [ t apped NPTF]  [ t apped wi t h st r ai ght  pi pe t hr eads]  [ dr i l l ed and f aced f or  
f l ange connect i ons] .   Fi l t r at i on shal l  be 10 mi cr ons or  l ess.   
[ Di spl acement  sel ect or  val ve shal l  be pr ovi ded. ]

2. 5. 2   Pi st on Mot or s

Pi st on mot or s shal l  be [ axi al  i nl i ne]  [ or ]  [ angl e]  t ype and shal l  be 
desi gned as [ f i xed]  [ var i abl e]  di spl acement  t ype.   Var i abl e di spl acement  
t ype shal l  be capabl e of  pr ovi di ng r ever sed r ot at i on wi t h const ant  
di r ect i on of  f l ui d f l ow.   Var i abl e di spl acement  t ype shal l  be sui t abl e f or  
cont r ol  of  di spl acement  and di r ect i on of  r ot at i on by [ manual ]  [ mechani cal ]  
[ hydr aul i c]  [ el ect r i c ]  [ pneumat i c]  [ _____]  devi ces.   Manual l y adj ust abl e 
maxi mum and mi ni mum l i mi t s of  di spl acement  shal l  be pr ovi ded.  Manual l y 
adj ust abl e maxi mum l i mi t s of  di spl acement  i n each di r ect i on of  r ot at i on 
shal l  be pr ovi ded.   The dr i ve shaf t  shal l  be suppor t ed by heavy- dut y 
ant i f r i c t i on bear i ngs.   The mot or  casi ng shal l  be pr ovi ded wi t h a t apped 
out l et  f or  connect i on of  an ext er nal  dr ai n l i ne.   Mot or  por t s shal l  be 
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[ t apped NPTF]  [ t apped wi t h st r ai ght  pi pe t hr eads]  [ dr i l l ed and f aced f or  
f l ange connect i ons] .   Fi l t r at i on shal l  be 10 mi cr ons.

2. 6   ACCUMULATORS

Accumul at or s shal l  be [ pi st on]  [ bl adder ]  t ype and shal l  be [ gas pr essur e]  
[ _____]  l oaded.   Accumul at or  f l ui d capaci t y shal l  not  be l ess t han 
i ndi cat ed.   Accumul at or s shal l  be desi gned f or  a r at ed wor ki ng pr essur e not  
l ess t han t he maxi mum syst em pr essur e and shal l  have a saf et y f act or  of  not  
l ess t han f our .   Fl ui d por t s shal l  be [ t apped NPTF]  [ t apped f or  st r ai ght  
pi pe t hr eads]  [ dr i l l ed,  t apped,  and f aced f or  f l ange connect i ons] .   Gas and 
accessor i es needed t o r echar ge t he accumul at or  wi t h gas shal l  be pr ovi ded 
as i ndi cat ed.

2. 6. 1   Pi st on Type

Cyl i nder  shal l  be [ s i ngl e]  [ doubl e]  wal l  t ype const r uct ed f r om seaml ess 
st eel  t ubi ng and wr ought  or  f or ged st eel  end caps.   Pi st on shal l  be [ cast  
i r on]  [ al umi num]  [ _____]  and shal l  be equi pped wi t h O- r i ng t ype seal s wi t h 
ant i ext r usi on backup gui de r i ngs.   Accumul at or s 152 mm 6 i nches and l ar ger  
shal l  be desi gned and const r uct ed i n accor dance wi t h t he r equi r ement s of  
ASME BPVC SEC VI I I  D1.   The accumul at or  shal l  be equi pped wi t h a saf et y 
devi ce t o r el ease excessi ve pr essur e bef or e t he bur st  pr essur e i s r eached.   
A hi gh- pr essur e gas char gi ng val ve shal l  be pr ovi ded.   The char gi ng val ve 
shal l  be pr ot ect ed f r om damage by r ecessed t ype const r uct i on or  by a 
pr ot ect i ve cap.   Saf et y bl eed hol es i n t he shel l  and a gas val ve or  ot her  
means shal l  be i ncl uded t o posi t i vel y pr event  di sassembl y of  t he 
accumul at or  unt i l  al l  gas and f l ui d pr essur es have been r el eased.

2. 6. 2   Bl adder  Type

Shel l s shal l  be one- pi ece al l oy st eel  const r uct i on wi t hout  wel ds,  seams,  or  
j oi nt s.   The f l ui d di schar ge por t  shal l  be pr ovi ded wi t h a spr i ng- l oaded 
poppet  val ve ar r anged t o c l ose aut omat i cal l y  upon di schar ge of  al l  of  t he 
f l ui d t o pr event  ext r usi on of  t he bl adder .   An ant i ext r usi on r i ng shal l  be 
pr ovi ded when r ecommended by t he manuf act ur er .   The desi gn shal l  per mi t  
di sassembl y f or  r epai r  wi t hout  r emovi ng t he accumul at or  f r om t he syst em.   
The met hod of  di sassembl y shal l  i ncl ude pr ovi s i ons t o pr event  di sassembl y 
unt i l  al l  gas and f l ui d have been bl ed.   A gas char gi ng val ve compl et e wi t h 
pr ot ect i ve cap and r epl aceabl e val ve cor e shal l  be pr ovi ded.   The desi gn 
shal l  i ncor por at e sui t abl e means t o r el ease excessi ve pr essur e bef or e t he 
bur st  pr essur e i s r eached.

2. 7   VALVES

Val ves used i n t he hydr aul i c syst em l i nes shal l  be speci al l y  desi gned and 
r at ed f or  use i n hydr aul i c syst ems.   Val ves used i n pneumat i c l i nes,  such 
as ai r - oi l  boost er  syst ems and gas- l oaded accumul at or s,  shal l  be 
speci f i cal l y  desi gned and r at ed f or  use i n pneumat i c syst ems.   Val ves shal l  
have publ i shed pr essur e r at i ngs not  l ess t han t he maxi mum pr essur e r at i ngs 
i ndi cat ed f or  t he c i r cui t  i n whi ch i nst al l ed.   I dent i f i cat i on of  por t s,  
pi l ot  and sol enoi d act uat or s and sol enoi d l eads shal l  be as i ndi cat ed by 
symbol s conf or mi ng t o I SO 9461 and I SO 11727.

2. 7. 1   Di r ect i onal  Cont r ol  Val ves

Di r ect i onal  cont r ol  val ves shal l  be [ bal l ]  [ pl ug]  [ spool  ( pl unger ) ]  
[ s l i di ng pl at e]  [ l i near  s l i di ng pl at e]  [ or ]  [ r ot at i ng s l i di ng pl at e]  desi gn 
as i ndi cat ed.   Di r ect i onal  cont r ol  val ves shal l  be [ check]  [ f our - way]  
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[ sel ect or  ( di ver si on) ]  [ st r ai ght way]  [ or ]  [ t hr ee- way]  f unct i onal  t ype.

2. 7. 2   Fl ow Cont r ol  Val ves

Fl ow cont r ol  val ves shal l  be [ bal l ]  [ di aphr agm]  [ di sc ( gl obe) ]  [ swi ng di sc]  
[ gat e]  [ spr eader  gat e]  [ wedge gat e]  [ needl e]  [ pl ug]  [ or ]  [ poppet ]  desi gn as 
i ndi cat ed.   Fl ow cont r ol  val ves shal l  be [ shut of f ]  [ sequence]  [ f l ow 
di v i di ng]  [ f l ow di v i di ng,  compensat ed]  [ met er i ng]  [ decel er at i on]  [ pr essur e 
compensat ed]  [ pr essur e- t emper at ur e compensat ed]  f unct i onal  t ype.

2. 7. 3   Pr essur e Cont r ol  Val ves

Pr essur e cont r ol  val ves shal l  be [ count er bal ance]  [ decompr essi on]  [ l oad 
di v i di ng]  [ pr essur e r educi ng]  [ r el i ef ]  [ saf et y r el i ef ]  [ or ]  [ unl oadi ng]  
t ype as i ndi cat ed.

2. 7. 4   Val ve Act uat or s

Val ve act uat or s shal l  be [ manual ]  [ mechani cal ]  [ sol enoi d]  [ or ]  [ pi l ot ]  as 
i ndi cat ed.   [ Pi l ot  act uat or s shal l  be [ bar r i er ]  [ di f f er ent i al  ar ea]  
[ di f f er ent i al  pr essur e]  [ or ]  [ sol enoi d cont r ol l ed]  as shown. ]

2. 7. 5   Val ve Mount i ng

Val ve mount i ng pr ovi s i ons shal l  be [ base]  [ i n- l i ne]  [ mani f ol d]  [ or ]  
[ subpl at e]  as i ndi cat ed.   Mount i ng sur f aces,  di mensi onal  cr i t er i a,  and 
gener al  cr i t er i a of  subpl at e mount ed t ype val ves f or  20. 7 MPa3, 000 psi  
maxi mum hydr aul i c ser vi ce shal l  conf or m t o NFLPA T3. 5. 1.

2. 7. 6   Val ve Mat er i al s and Component s

2. 7. 6. 1   Val ve Bodi es

Val ve bodi es shal l  be [ st eel ]  [ br ass]  [ cast  i r on]  [ al umi num]  [ or ]  [ _____]  
as i ndi cat ed.   Val ve body bor es whi ch cont ai n pi st ons,  poppet s or  spool s 
shal l  be f i ni shed t o 203 nanomet er s 8 mi cr oi nch r ms and shal l  be r ound and 
st r ai ght  t o wi t hi n 1. 3 mi cr omet er s 50 mi l l i ont hs of  an i nch.

2. 7. 6. 2   Poppet  Mat er i al

Poppet  mat er i al  shal l  be [ sof t  seal  ( ni t r i l e r ubber ) ]  [ nyl on]  [ sol i d met al ]  
[ or ]  [ _____] .

2. 7. 6. 3   Por t  St y l e and Por t  Connect i ons

Por t  st y l e shal l  be [ NPTF]  [ SAE st r ai ght  t hr ead]  [ f l ar e t ube]  [ or ]  
[ _____] .   Por t  connect i ons shal l  be f or  [ t apped conduct or s]  [ or ]  [ socket  
wel d coupl i ngs] .

2. 7. 6. 4   Seal  Compound

Seal  compound shal l  be [ Buna N]  [ ni t r i l e r ubber ]  [ or ]  [ f l uor oel ast omer ] .

2. 7. 6. 5   Spools

Spool s shal l  be st eel  case har dened t o 50 Rockwel l  C,  mi ni mum.   Spool  
movement  shal l  be by [ manual  act uat i on]  [ mechani cal  act uat i on]  [ hydr aul i c 
pi l ot ]  [ ai r  pi l ot ]  [ or ]  [ sol enoi d] .   [ Manual  act uat or  shal l  be a [ push 
but t on]  [ hand l ever ]  [ or ]  [ f oot  pedal ] . ]   [ Ai r  pi l ot  oper at ed cont r ol  
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val ves shal l  have br onze housi ngs and st ai nl ess st eel  spool s. ]

2. 7. 6. 6   Solenoids

Sol enoi ds shal l  be [ ac]  [ or ]  [ dc]  [ wet  ar mat ur e]  t ype and [ pul l - i n]  [ or ]  
[ dr op- out ]  st y l e.   Sol enoi ds shal l  be [ spr i ng of f set ,  s i ngl e]  [ spr i ng 
cent er ed,  doubl e]  [ or ]  [ det ent ed,  doubl e]  model .   Sol enoi ds shal l  be 
moi st ur e pr oof  wher e i ndi cat ed.

2. 8   I NTENSI FI ERS ( BOOSTERS)

I nt ensi f i er s Boost er s shal l  be [ oi l - t o- oi l ]  [ ai r - t o- oi l ]  t ype.   The dr i v i ng 
cyl i nder  bor e s i ze and oper at i ng f l ui d medi um,  t he mount i ng st y l e,  and a 
manuf act ur er ' s ser i es i dent i f i cat i on ( or  equal )  shal l  be as shown.   [ For  
cyl i nder - t o- r am ( pi st on)  i nt ensi f i er s,  r am di amet er  shal l  be as shown. ]  
[ For  cyl i nder - t o- cyl i nder  uni t s,  out put  cyl i nder  bor e shal l  be as 
i ndi cat ed. ]   I nl et  and out l et  pr essur es and i nt ensi f i cat i on r at i o shal l  be 
as i ndi cat ed.   I nt ensi f i er  shal l  be desi gned f or  use wi t h pet r ol eum base 
hydr aul i c f l ui d unl ess ot her wi se i ndi cat ed.   The manuf act ur er  shal l  pr oduce 
evi dence t hat  al l  dynami c seal s ar e sui t abl e f or  bot h f r equent  and 
i nf r equent  oper at i on and ar e capabl e of  not  l ess t han 500, 000 cycl es of  
oper at i on i n syst ems pr oper l y mai nt ai ned.   The i nt ensi f i er  shal l  be capabl e 
of  cont i nuous oper at i on under  sever e oper at i ng condi t i ons at  di schar ge 
pr essur es up t o t he i ndi cat ed maxi mum ci r cui t  pr essur e.

2. 9   FLUI D COOLERS ( HEAT EXCHANGERS)

Fl ui d cool er s ( Heat  Exchanger s)  shal l  be [ wat er - cool ed]  [ or ]  [ ai r - cool ed]  
t ype and shal l  have t he cool i ng capaci t y i ndi cat ed.

2. 9. 1   Air-Cooled

Ai r - cool ed t ype shal l  have a cor e of  [ oval - t ube and pl at e- f i n]  [ r ound- t ube 
pl at e- f i n]  [ or ]  [ i ndi v i dual  f i nned r ound t ubes] .   The cool er  shal l  be 
equi pped wi t h an el ect r i c  mot or - dr i ven f an,  sel ect ed t o pr ovi de t he ai r  
f l ow vol ume t hr ough t he cor e t o ensur e t hat  t he cool i ng r equi r ement s ar e 
met .   Oper at i ng sound l evel  of  f an and mot or  shal l  not  exceed 85 dBA.

2. 9. 2   Water-Cooled

Wat er - cool ed t ype shal l  be [ shel l - and- t ube]  [ pl at e t ype]  const r uct i on.   
[ Shel l - and- t ube t ype shal l  be ar r anged t o handl e wat er  t hr ough t he t ubes 
and t he hydr aul i c f l ui d t hr ough t he shel l . ]   [ Shel l - and- t ube const r uct i on 
shal l  be ar r anged as [ U- t ube]  [ st r ai ght  t ube]  [ f i xed t ube bundl e]  [ st r ai ght  
t ube,  r emovabl e bundl e]  t ype. ]

2. 10   FI LTRATI ON EQUI PMENT

Fl ui d f i l t er s shal l  be l ocat ed as i ndi cat ed.   Nomi nal  and absol ut e r at i ngs 
shal l  not  exceed t he val ues i ndi cat ed.   Fi l t er s shal l  be [ dept h]  [ sur f ace]  
t ype.   Pr essur e dr op t hr ough each f i l t er  shal l  not  exceed t he val ue 
i ndi cat ed at  t he gi ven maxi mum f l ow r at e.   El ement s f or  dept h t ype f i l t er s 
shal l  be [ r esi n- coat ed]  [ paper ]  [ synt het i c f i ber ]  [ v i nyl  membr ane]  t ype.   
El ement s f or  sur f ace f i l t er s shal l  be [ wi r e c l ot h]  [ nyl on c l ot h] .   [ Fi l t er  
casi ngs f or  i nst al l at i on i n pr essur e l i nes shal l  have a wor ki ng pr essur e 
r at i ng i n excess of  t he speci f i ed maxi mum pump di schar ge pr essur e. ]  [ Fi l t er  
casi ng f or  separ at e f i l t r at i on c i r cui t s shal l  have a r at ed wor ki ng pr essur e 
i n excess of  t he maxi mum pr essur e of  t he f i l t er  c i r cui t . ]   Fi l t er s shal l  be 
pr ovi ded wi t h [ adj ust abl e]  [ nonadj ust abl e]  [ i nt er nal ]  [ ext er nal ]  bypass.   
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[ An i ndi cat or  shal l  be pr ovi ded t o show when t he bypass has opened. ]   The 
cr acki ng pr essur e of  t he bypass on pr essur e f i l t er s shal l  be as i ndi cat ed.   
The cr acki ng pr essur e of  t he bypass on f i l t er s i nst al l ed on t he suct i on 
s i de of  pumps shal l  be as r equi r ed by t he pump manuf act ur er .

2. 11   LI NES AND FI TTI NGS

**************************************************************************
NOTE:   Unl ess t he desi gner  needs t o make t he 
choi ces,  because of  uni que cr i t er i a s i t uat i ons,  
sel ect i on of  mat er i al s and conf i gur at i ons shoul d 
r emai n as Cont r act or ' s opt i ons and t he br acket s 
shoul d be r emoved.

The cont ent s of  t hese par agr aphs ar e dependent  on 
desi gn r equi r ement s whi ch may necessi t at e r evi s i on 
or  expansi on t o cover  di f f er ent  condi t i ons and 
st andar ds.   I n some cases,  syst em desi gn may per mi t  
combi ni ng t est  connect i ons and dr ai n or  vent  val ves;  
i n ot her  cases,  separ at e val ves f or  each f unct i on 
wi l l  be r equi r ed.

**************************************************************************

Pi pi ng and t ubi ng connect i ons shal l  be desi gned and i nst al l ed t o per mi t  
qui ck r emoval  and r eassembl y wi t h hand t ool s.

2. 11. 1   Pipe

Unl ess ot her wi se i ndi cat ed,  hydr aul i c pi pe shal l  be seaml ess st eel  pi pe 
conf or mi ng t o ASTM A106/ A106M,  Gr ade B.   Pi pi ng wei ght  c l ass shal l  be 
[ st andar d]  [ ext r a st r ong]  [ doubl e ext r a st r ong]  [ Schedul e 160] .   Pi pe shal l  
conf or m t o t he c l eanl i ness r equi r ement s of  I SO 10763.

2. 11. 2   Pi pe Fi t t i ngs and Fl anges

Pi pe f i t t i ngs shal l  be st eel .   Fi t t i ngs t hat  i ncor por at e separ at e 
synt het i c,  or  met al - t o- met al  seal s,  or  seal s t hat  seal  wi t h pr essur e,  shal l  
be equi pped wi t h Uni f i ed Nat i onal  Fi ne ( UNF)  st r ai ght  t hr ead por t  
connect i ons.   Fi t t i ngs t hat  i ncor por at e synt het i c,  or  met al - t o- met al  seal s,  
or  seal s t hat  seal  wi t h pr essur e,  may be used wi t h pi pe t hr ead por t  
connect i ons.   Pi pe f l anges shal l  be st eel ,  [ _____]  MPa psi  st eam wor ki ng 
pr essur e r at ed,  and shal l  be f aced f or  use wi t h met al l i c  O- r i ng gasket s.   
Fl ange bol t s shal l  be st eel  and shal l  have st eel  sel f - l ocki ng nut s.   
Mechani cal  connect i ons,  pr oven sui t abl e f or  t he pr essur e and ser vi ce,  may 
be used i nst ead of  f l anged connect i ons.   The seal s shal l  be compat i bl e wi t h 
t he hydr aul i c f l ui d used i n t he syst em.   Thr eaded f i t t i ngs shal l  conf or m t o 
ASME B16. 11 f or ged car bon st eel ,  pr essur e c l ass Cl ass [ 2000]  [ 3000]  [ 6000]  
[ 2000]  [ 3000]  [ 6000]  pounds t hr eaded i n conf or mance wi t h ASME B1. 20. 2M
ASME B1. 20. 1 or  ASME B1. 20. 3.   Wel ded f i t t i ngs shal l  conf or m t o 
ASTM A234/ A234M,  Gr ade WPB.   Fl anges shal l  conf or m t o ASTM A182/ A182M, 
gr ade sui t abl e f or  pi pe t o whi ch at t ached.  Faci ng on f l anges shal l  be i n 
accor dance wi t h ASME B16. 5.

2. 11. 3   Tubi ng and Fi t t i ngs

Tubi ng shal l  be seaml ess or  wel ded st eel  t ubi ng conf or mi ng t o I SO 10763.
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2. 11. 3. 1   Wal l  Thi ckness

Wal l  t hi ckness f or  each si ze not  ot her wi se i ndi cat ed shal l  be sel ect ed t o 
pr ovi de a saf et y f act or  of  s i x based on t he manuf act ur er ' s r at i ngs f or  
bur st  st r engt h.

2. 11. 3. 2   Fittings

Sol der l ess st eel  f i t t i ngs shal l  be used.   Connect i ons may be f l ar ed,  
f l ar el ess,  sel f - f l ar i ng,  or  equi val ent .   When f l ar ed- t ype f i t t i ngs ar e 
used,  t he t ubi ng end of  t he connect or  body,  nut ,  and s l eeve when used,  
shal l  be 37 degr ees f r om cent er  ( 74 degr ees i ncl uded angl e) ,  and shal l  
conf or m t o SAE J514 f or  mi ni mum per f or mance r equi r ement s.   Copi es of  t est  
r epor t s f or  al l  t ubi ng f i t t i ngs shal l  be submi t t ed wi t h det ai l  dr awi ngs.   
Adapt er s f or  connect i ng t ubi ng t o t hr eaded pi pe por t s shal l  be st r ai ght  
t hr ead t ype wi t h l ocknut ,  washer ,  and O- r i ng seal .   Fi t t i ngs t hat  
i ncor por at e separ at e synt het i c or  met al - t o- met al  seal s,  or  seal s t hat  seal  
wi t h pr essur e shal l  have UNF st r ai ght - t hr ead por t  connect i ons.   Fi t t i ngs 
t hat  i ncor por at e synt het i c,  or  met al - t o- met al  seal s,  or  seal s t hat  seal  
wi t h pr essur e may be used wi t h pi pe t hr ead por t  connect i ons.

2. 11. 4   Fl exi bl e Li nes

Fl exi bl e hydr aul i c l i nes shal l  be wi r e r ei nf or ced,  hi gh- pr essur e t ype hose 
wi t h synt het i c r ubber  l i ni ng and out er  cover .   Synt het i c r ubber  shal l  be 
sel ect ed f or  maxi mum compat i bi l i t y  wi t h t he hydr aul i c f l ui d speci f i ed f or  
use i n t he syst em.   Fl exi bl e hose shal l  be r at ed by t he manuf act ur er  f or  a 
wor ki ng pr essur e not  l ower  t han t he syst em oper at i ng pr essur e i ndi cat ed.   
Fi t t i ngs shal l  be speci f i cal l y  desi gned f or  use wi t h t he hose sel ect ed and 
shal l  be as r ecommended by t he hose manuf act ur er .   Fi t t i ngs shal l  be 
[ st ai nl ess st eel ]  [ car bon st eel ]  and shal l  have st r ai ght  or  el bow ends as 
best  sui t ed t o t he i nst al l at i on condi t i ons.   Fi t t i ngs shal l  be [ r eusabl e]  
[ per manent l y at t ached]  t ype.   Each hose assembl y shal l  be f act or y assembl ed 
usi ng pr ocedur es and t ool s r ecommended by t he manuf act ur er  of  t he hose.

2. 11. 5   Manifolds

Pr ovi de mani f ol ds wher e i ndi cat ed.   Each mani f ol d must  be [ cast ]  [ machi ned 
f r om sol i d pl at e]  [ const r uct ed by l ami nat i ng t wo or  mor e pl at es t oget her  by 
f ur nace br azi ng] .   Machi ne smoot h por t s and passages,  f r ee of  bur r s and 
shar p edges.   Machi ne sur f aces t o whi ch val ves and ot her  component s wi l l  be 
mount ed smoot h and f l at .   Machi ne count er bor es t o hol d O- r i ng por t  seal s t o 
di mensi ons r ecommended by t he O- r i ng manuf act ur er .

2. 12   HYDRAULI C FLUI D

Suppl y a suf f i c i ent  amount  of  hydr aul i c f l ui d,  of  t he t ype speci f i ed and as 
r ecommended by t he f l ui d manuf act ur er ,  t o compl et el y f i l l  t he syst em 
i ni t i al l y  pl us at  l east  10 per cent  addi t i onal  r eser ve f l ui d.   Al so pr ovi de 
ext r a f l ui d t o make up al l  l osses r esul t i ng f r om vent i ng oper at i ons,  f r om 
ser vi c i ng f i l t r at i on equi pment ,  f r om l eakage and f r om al l  ot her  causes 
bef or e f i nal  accept ance.   Check t he f l ui d l evel  and br i ng t o t he pr oper  
oper at i ng l evel  i mmedi at el y af t er  sat i sf act or y compl et i on of  f i nal  
accept ance t est s.   Del i ver  t he hydr aul i c f l ui d t o t he s i t e i n unopened 
cont ai ner s wi t h f act or y seal s i nt act .   Cl ear l y l abel  cont ai ner s i n 
accor dance wi t h ASTM D3951.   Hydr aul i c f l ui ds must  be cer t i f i ed by t he 
manuf act ur er  as f i r e- r esi st ant  i n conf or mance wi t h NFLPA T2. 13. 1.   Fl ui d 
shal l  be [ wat er - gl ycol ]  [ synt het i c]  [ wat er - i n- oi l  emul si on]  t ype.   Fr esh 
hydr aul i c f l ui d shal l  be f i l t er ed t o 10 mi cr on l evel .

SECTI ON 41 24 26  Page 19



2. 13   PACKI NG,  GASKETS,  AND SEALS

Hydr aul i c component s shal l  be equi pped wi t h seal s,  packi ngs,  gasket s,  and 
O- r i ngs sel ect ed and r ecommended by t he r espect i ve manuf act ur er s f or  
maxi mum compat i bi l i t y  wi t h t he par t i cul ar  hydr aul i c f l ui d speci f i ed f or  use 
i n t he syst em.

2. 13. 1   St at i c Seal s

St at i c- t ype seal s shal l  be ar r anged t o seal  wi t h pr essur e and shal l  be 
pr ovi ded wi t h backup r i ngs or  ot her  appr oved conf i ni ng devi ces t o pr event  
mat er i al  ext r usi on dur i ng expansi on and cont r act i on r esul t i ng f r om pr essur e 
and t emper at ur e changes.   St at i c- t ype seal s shal l  be cont i nuous r i ngs.

2. 13. 2   Dynami c Seal s

Dynami c seal s may be l i p,  cup,  V- r i ng,  U- r i ng,  f l ange,  or  squeeze t ype,  
unl ess ot her wi se speci f i ed or  i ndi cat ed.   Spl i t  met al l i c  r i ngs ( aut omot i ve 
t ype)  may be used onl y when speci f i cal l y  i ndi cat ed.

2. 14   ACCESSORIES

Accessor i es shal l  conf or m t o t he f ol l owi ng:

2. 14. 1   Bol t s,  Nut s and Cap Scr ews

ASME B18. 2. 1, ASME B18. 2. 2, ASME B18. 6. 2 or  ASTM A574,  as appl i cabl e.   Al l  
bol t s,  cap scr ews,  and nut s not  ot her wi se i ndi cat ed or  speci f i ed shal l  be 
medi um car bon st eel  and shal l  be cadmi um pl at ed.   Thr eads shal l  conf or m t o 
ASME B1. 1.

2. 14. 2   Locknuts

I FI  100/ 107 f or  hexagon l ocknut s,  pr evai l i ng t or que t ype,  or  a t ype 
st andar d wi t h t he manuf act ur er  pr ovi ded t hey meet  or  exceed t he 
r equi r ement s of  t he I FI  speci f i cat i ons.

2. 14. 3   Setscrews

ASME B18. 6. 2 unl ess ot her wi se i ndi cat ed or  speci f i ed.   Set scr ews shal l  not  
be used f or  t r ansmi t t i ng t or s i on.

2. 14. 4   Met hods of  Secur i ng Fast ener s

Al l  f ast ener s not  secur ed by mechani cal  devi ces,  such as l ock washer s,  
cot t er  pi ns,  saf et y wi r e,  or  l ocknut s,  shal l  have t he t hr eaded por t i on of  
t he f ast ener  coat ed wi t h seal i ng/ l ocki ng compound,  Gr ade E or  Gr ade B,  as 
appl i cabl e,  bef or e i nst al l at i on.   Fast ener s shal l  be c l eaned of  al l  
r ust - i nhi bi t i ng compounds and l ubr i cant s bef or e appl y i ng t he 
seal i ng/ l ocki ng compound.

2. 14. 5   Keys and Keyways

ASME B17. 1 or  ASME B17. 2,  unl ess ot her wi se speci f i ed or  r equi r ed.

2. 14. 6   Pi pe Hanger s and Suppor t s

MSS SP- 58.
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2. 15   SHAFT COUPLI NGS

Shaf t  Coupl i ngs shal l  have st r engt h equal  t o t he f ul l  s t r engt h of  t he 
shaf t i ng whi ch t hey connect  and shal l  be pr essed and keyed t her eon.   I n 
det er mi ni ng t he coupl i ng capaci t y ,  t he manuf act ur er ' s r at i ng shal l  be 
di v i ded by a ser vi ce f act or  of  [ 1. 5]  [ _____] .

2. 15. 1   Fl exi bl e Coupl i ngs

Unl ess ot her wi se i ndi cat ed,  f l exi bl e coupl i ngs shal l  be of  f or ged st eel  and 
shal l  t r ansmi t  t or que by [ a st eel  gr i d spr i ng f i t t ed i nt o gr ooves i n t he 
per i pher y of  t he coupl i ng' s hubs]  [ ext er nal  gear  t eet h on hubs engagi ng i n 
i nt er nal  gear  t eet h i n t he coupl i ng s l eeves]  [ or ]  [ f l exi bl e annul ar  di scs 
bol t ed al t er nat el y t o t he end f l anges and cent er  member  by body bound 
bol t s] .   [ Fl exi bl e coupl i ngs of  t he [ gear ed]  [ or ]  [ gr i d]  t ype shal l  be 
f ul l y  encl osed and seal ed t o r et ai n l ubr i cant  and shal l  be oi l - t i ght  under  
bot h st at i c and oper at i ng condi t i ons. ]

2. 15. 2   Ri gi d Coupl i ngs

Ri gi d coupl i ngs shal l  be cast  or  f or ged st eel  and shal l  be f l anged or  
compr essi on t ype wi t h r ecessed bol t s.

2. 16   PRESSURE GAUGES

Pr essur e Gauges shal l  conf or m t o ASME B40. 100 wi t h [ bl ack enamel ed 
cor r osi on- r esi st i ng met al  case]  [ phenol i c case] .   The scal e r ange of  t he 
gauge shal l  be appr oxi mat el y t wi ce t he maxi mum pr essur e of  t he c i r cui t  i n 
whi ch i nst al l ed.   Gauges shal l  be saf et y t ype wi t h sol i d f r ont s and bl owout  
backs.   Each gauge shal l  be pr ovi ded wi t h an appr oved gauge snubber .   Al l  
per manent l y i nst al l ed gauges shal l  have a shut of f  val ve ar r angement  t o 
per mi t  i sol at i on of  t he gauge and snubber  f r om t he r est  of  t he syst em.

2. 17   SHIMS

Shi ms shal l  be pr ovi ded i n gr aduat ed t hi cknesses whi ch shal l  per mi t  
adj ust ment  i n i ncr ement s of  0. 13 mm 0. 005 i nches f r om 0 t o 6. 4 mm 0 t o 1/ 4 
i nch.   Shi ms f or  use bet ween machi ner y component s,  subassembl i es,  or  
machi ner y bases and mount i ng br acket s and unf i ni shed sur f aces of  st r uct ur al  
member  shal l  pr ovi de adj ust ment  i n i ncr ement s of  0. 79 mm 1/ 32 i nch f r om 6. 4 
mm 1/ 4 i nch t o 150 per cent  of  t he shi m al l owance i ndi cat ed.   Taper ed shi ms 
shal l  be pr ovi ded as r equi r ed t o accur at el y al i gn machi ner y component s and 
bases whi ch ar e mount ed di r ect l y on unf i ni shed st r uct ur al  st eel  sur f aces.   
Fi el d measur ement s shal l  be t aken t o det er mi ne t he exact  amount  of  t aper  
r equi r ed t o obt ai n pr oper  al i gnment .   Mat er i al  f or  al l  shi ms shal l  be 
AI ST PB- 229,  Types 304 or  316 unl ess ot her wi se i ndi cat ed.

2. 18   EQUI PMENT BASES

Noni nt egr al  equi pment  bases i ncl udi ng br acket s and mount s shal l  be 
al l - wel ded const r uct i on and shal l  be f abr i cat ed of  ASTM A36/ A36M st eel .   
Af t er  i nst al l at i on and f i nal  adj ust ment  of  al l  t he syst em component s on t he 
equi pment  bases i n t he shop,  each pi ece of  equi pment  shal l  be posi t i vel y 
secur ed i n pl ace by dowel s t o ensur e accur at e l ocat i on dur i ng i nst al l at i on 
i n t he f i el d.   Shear  bl ocks may onl y be used wher e i nst al l at i on of  dowel s 
i s compl et el y i mpr act i cal .
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2. 19   CONTROL COMPONENTS

**************************************************************************
NOTE:   Wher e i t  i s  desi r ed t o cont r ol ,  coor di nat e,  
and pr ogr am component s of  a hydr aul i c f l ui d power  
syst em t o achi eve synchr oni zat i on of  cyl i nder s or  
component s or  t o achi eve a sequence of  oper at i ons i n 
sever al  modes,  syst em r equi r ement s and 
speci f i cat i ons shal l  be t ai l or ed f or  t he j ob.

a.   The pr ogr ammed cont r ol l er  i s  used i n moder n 
f l ui d power  syst ems wher e a ser i es of  oper at i ons i s 
t o be per f or med i n a sequent i al  or der  on each 
cycl e.   I t  can be pr ogr ammed t o cause a number  of  
hydr aul i c cyl i nder s or  mot or s t o f ol l ow a sequent i al  
or der  of  oper at i ons,  ext endi ng and r et r act i ng,  
st ar t i ng and st oppi ng,  dur i ng each cycl e.

b.   The cont r ol l er  can be pr ogr ammabl e,  consi st i ng 
of  a consol e pl ugged i nt o Cent r al  Pr ocessi ng Uni t  
( CPU) ,  or  a speci al i zed mi cr ocomput er  syst em t hat  
can be cust om pr ogr ammed t o cont r ol  a wi de var i et y 
of  el ect r oni c and el ect r ohydr aul i c syst ems and 
component s,  and has t he capabi l i t y  t o i nt er f ace wi t h 
ot her  cont r ol s and t r ansducer s.

c.   To count er  unwant ed osci l l at i on i n some t ypes of  
act uat or s,  wher e axi s movement  or  l oad change causes 
act uat or  def l ect i on coupl ed wi t h t he mass of  t he 
act uat or  syst em and r esul t s i n damagi ng or  undesi r ed 
osci l l at i on,  mi cr ocomput er - based el ect r oni c modul es 
can be pr ogr ammed t o comput e vel oci t y and 
accel er at i on dampeni ng osci l l at i on and per mi t t i ng 
f ast er  oper at i ng speed and gr eat er  accur acy.   Thi s 
el i mi nat es t he need f or  act uat or  sensor s t o pr ovi de 
posi t i on,  speed,  and accel er at i on f eedback,  and 
el i mi nat es har nesses and connect or s associ at ed wi t h 
sensors.

d.   El ect r oni c cont r ol  component s ar e used t o bui l d 
el ect r ohydr aul i c  cont r ol  syst ems and i ncl ude power  
suppl i es and ampl i f i er  modul es t o suppl y pr oper  
i nput  t o t he var i ous ser vo val ves,  cont r ol  pumps,  
pr essur e val ves,  and f l ow cont r ol  val ves t hat  
compr i se an el ect r ohydr aul i c cont r ol l ed syst em.

**************************************************************************

2. 19. 1   Cont r ol  Devi ces and Wi r i ng

**************************************************************************
NOTE:   When expl osi on pr oof  encl osur es ar e r equi r ed,  
f i l l  i n t he bl anks i ndi cat i ng t he hazar d 
c l assi f i cat i on.   Wher e mor e t han one t ype of  
encl osur e i s r equi r ed,  expand t he sent ence t o 
i ndi cat e wher e or  how each t ype i s used.

**************************************************************************

Manual  or  aut omat i c cont r ol  pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he 
speci f i ed oper at i on and al l  cont r ol  wi r i ng f or  t hese cont r ol s and devi ces 
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shal l  be pr ovi ded whet her  i ndi cat ed or  not .   El ect r i cal  cont r ol  devi ces 
shal l  have mi ni mum cur r ent  and vol t age r at i ngs i n accor dance wi t h t he 
r equi r ement s of  NEMA I CS 2 cont act  r at i ng desi gnat i on A 300,  as appl i cabl e,  
unl ess l ar ger  r at i ngs ar e i ndi cat ed or  r equi r ed.   Cont r ol  devi ces shal l  be 
pr ovi ded wi t h t he number  and ar r angement  of  cont act s r equi r ed t o per f or m 
t he speci f i ed cont r ol  f unct i ons.   Devi ces shal l  be pr ovi ded wi t h or  
i nst al l ed i n [ gener al  pur pose]  [ weat her pr oof ]  [ NEMA Type 4 f or  [ ext er i or ]  
[ i nt er i or ]  [ hazar dous]  [ nonhazar dous]  appl i cat i on]  [ cor r osi on- r esi st ant ]  [
NFPA 70 Cl ass [ _____]  Di v i s i on [ _____] ,  expl osi on- pr oof ]  encl osur es as 
i ndi cat ed.   Component s shal l  be el ect r oni cal l y  and el ect r ohydr aul i cal l y  
cont r ol l ed as i ndi cat ed.

2. 19. 2   Pr essur e Swi t ches

**************************************************************************
NOTE:   Wher e di f f er ent i al  pr essur e l i mi t s ar e 
essent i al  t o t he desi gn,  t he par t i cul ar  l i mi t s 
shoul d be st at ed on t he dr awi ngs.   Wher e speci f i c  
t ypes of  act uat or s ar e r equi r ed,  i ncl ude t he 
appl i cabl e t ype or  t ypes.   Wher e mor e t han one t ype 
i s used,  expand t he sent ence t o i ncl ude wher e or  how 
each t ype i s used.   Wher e adj ust abl e- set t i ng 
swi t ches ar e used,  del et e t he br acket s f r om t he 
sent ence r egar di ng t he upper  l i mi t  of  adj ust ment .   
I f  manual  r eset  swi t ches ar e used,  i ndi cat e on t he 
dr awi ngs t hose swi t ches whi ch ar e i ncl uded,  and 
del et e t he br acket s f r om t he l ast  sent ence.

**************************************************************************

Pr essur e swi t ches shal l  have t he oper at i ng pr essur e [ set t i ngs]  [ and]  
[ r anges]  [ and maxi mum al l owabl e di f f er ent i al s]  i ndi cat ed.   Act uat or s shal l  
be of  t he [ bel l ows]  [ pi st on]  [ Bour don t ube]  [ di aphr agm]  t ype [ i ndi cat ed]  
[ r equi r ed f or  t he oper at i ng condi t i ons] .   Act uat or s shal l  have a r at ed 
pr oof  or  shal l  wi t hst and pr essur e of  not  l ess t han 150 per cent  of  t he 
maxi mum possi bl e pr essur es f or  t he syst ems i n whi ch t hey ar e i nst al l ed.   
[ The maxi mum set t i ng f or  swi t ches wi t h an adj ust abl e r ange of  oper at i ng 
pr essur es shal l  be l i mi t ed t o 80 per cent  of  t he pr oof  pr essur e r at i ngs. ]  
Act uat or s shal l  be f abr i cat ed f r om mat er i al s whi ch ar e compat i bl e wi t h t he 
f l ui ds empl oyed.   Swi t ches shal l  be t he aut omat i c r eset  t ype [ except  wher e 
manual  r eset  t ype ar e i ndi cat ed] .

2. 19. 3   Li mi t  Swi t ches

**************************************************************************
NOTE:   Wher e a ver y cr i t i cal  swi t ch oper at i on i s 
r equi r ed,  such as a saf et y st op,  posi t i ve dr i ve 
swi t ch i nst al l at i ons ar e somet i mes used.   I f  a 
nor mal l y- c l osed cont act  shoul d wel d c l osed 
acci dent al l y ,  t he posi t i ve dr i ve wi l l  ei t her  br eak 
t he wel d and open t he c i r cui t  or  dest r oy i t sel f  i n 
t he at t empt .   Wher e such dr i ves ar e r equi r ed,  del et e 
t he br acket s i n t he appr opr i at e sent ence and i ncl ude 
sui t abl e i nf or mat i on on t he dr awi ngs.   I f  manual  
r eset  swi t ches ar e used,  i ndi cat e t hem on t he 
dr awi ngs and del et e t he br acket s f r om t he l ast  
sent ence of  par agr aph " Pr essur e Swi t ches. "

**************************************************************************

Li mi t  swi t ches shal l  have act i vat i ng mechani sms of  t he [ r ol l er  ar m]  [ push 
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r od]  [ pl unger ]  [ f or k]  t ype [ i ndi cat ed]  [ r equi r ed t o det ect  t he par t i cul ar  
posi t i ons] .   Except  wher e manual  r eset  t ype i s speci f i cal l y  i ndi cat ed,  
act i vat i ng mechani sms and swi t ch mount i ngs shal l  be ar r anged so t hat  over  
t r avel  of  t he moni t or ed member  wi l l  not  damage t he act i vat or  and swi t ch.

2. 19. 4   Manual  Swi t ches

Manual l y- oper at ed swi t ches,  i ncl udi ng pushbut t on swi t ches,  sel ect or  
swi t ches and key- oper at ed swi t ches,  shal l  be heavy- dut y oi l - t i ght  t ype 
conf or mi ng t o t he r equi r ement s of  NEMA I CS 1.   Swi t ches shal l  be moment ar y 
cont act  t ype wi t h st andar d oper at or s [ except  wher e mai nt ai ned cont act s or  
speci al  oper at or s,  such as mushr oom head,  i l l umi nat ed but t on,  and l at chi ng 
but t on ar e i ndi cat ed] .

2. 19. 5   Relays

Rel ays used i n cont r ol  c i r cui t s shal l  be i ndust r i al  magnet i c cont r ol  r el ays 
conf or mi ng t o NEMA I CS 2 cont act  r at i ng desi gnat i on A 300,  except  wher e 
ot her  r at i ngs ar e i ndi cat ed.   Rel ays shal l  be appl i ed i n cont r ol  c i r cui t s 
i n such a manner  t hat  pr oper  cont r ol  f unct i ons shal l  be obt ai ned r egar dl ess 
of  whet her  t he cont act s ar e over l appi ng or  nonover l appi ng.

2. 19. 6   Timers

Ti mi ng devi ces shal l  be el ect r i cal l y- act i vat ed [ synchr onous mot or ]  [ oi l  
dashpot ]  [ pneumat i cal l y ]  [ el ect r i cal l y ]  [ _____]  - t i med t ype wi t h adj ust abl e 
t i mi ng r anges as i ndi cat ed.   Wher e t he adj ust ment  r ange i s not  i ndi cat ed,  
r ange shal l  be adj ust abl e f r om at  l east  50 t o 150 per cent  of  t he del ay 
set t i ng i ndi cat ed,  speci f i ed,  or  r equi r ed.   Ti mer s shal l  pr ovi de t i me del ay 
on ener gi z i ng and shal l  be of  t he aut omat i c r eset  t ype unl ess ot her wi se 
indicated.

2. 19. 7   I ndi cat i ng Li ght s

I ndi cat i ng l i ght s shal l  be t he oi l - t i ght  t ype wi t h j ewel  col or  as 
i ndi cat ed.   Li ght  uni t  shal l  be t he i nt egr al  t r ansf or mer  t ype wi t h 6- 8 vol t  
l amp and shal l  be f i t t ed wi t h a gl ass col or  cap.

2. 20   CONTROL CONSOLES AND VALVE AND GAUGE PANELS

2. 20. 1   Cont r ol  Consol e Const r uct i on

The cont r ol  consol e shal l  i ncl ude a basi c f r ame wi t h met al  panel s f ul l y  
cust om- f abr i cat ed as speci f i ed,  or  may consi st  of  cust om modul es usi ng 
st andar di zed component s wher e avai l abl e t o meet  t he di mensi onal  and 
f unct i onal  char act er i st i cs i ndi cat ed and speci f i ed.   Unl ess ot her wi se 
i ndi cat ed,  t he consol e shal l  be const r uct ed of  st eel  meet i ng t he 
r equi r ement s of  NEMA I CS 6.   St eel  sheet  shal l  conf or m t o ASTM A659/ A659M.   
Removabl e panel s shal l  be secur ed i n pl ace usi ng capt i ve,  spr i ng l oaded,  
sel f - l ocki ng spr i ng nut s and har dened sheet  met al  scr ews.   Scr ews and nut s 
shal l  be cor r osi on- r esi st ant  mat er i al  or  shal l  have cor r osi on- r esi st ant  
pr ot ect i ve coat i ng.   Access panel s shal l  be secur ed wi t h spr i ng l oaded 
quar t er  t ur n f ast ener s wi t h st uds hel d capt i ve i n t he r emovabl e panel .   The 
consol e shal l  be equi pped wi t h adequat e l ouver ed panel s t o vent i l at e t he 
i nt er i or  and di ssi pat e t he heat  gener at ed wi t hi n t he consol e.   Speci al  
equi pment  suppor t s and gui des shal l  be pr ovi ded as r equi r ed t o suppor t  t he 
equi pment  and ot her  component s wi t hi n t he consol e.   Unl ess ot her wi se 
speci f i ed,  i nt er i or  and ext er i or  sur f aces shal l  be f i ni shed wi t h one coat  
of  pr i mer  and t wo coat s of  manuf act ur er ' s st andar d f i ni sh.
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2. 20. 2   Val ve and Gauge Panel s Const r uct i on

Val ve and gauge panel s shal l  be const r uct ed of  st eel  pl at e t hi ck enough t o 
pr ovi de r i gi d suppor t  f or  t he val ves and ot her  component s mount ed t her eon.   
Al l  pi pi ng shal l  be t er mi nat ed wi t h bul khead t ype connect i ons i n a posi t i on 
conveni ent  f or  t he connect i on of  ext er nal  l i nes.   Pr i mer  and f i ni sh shal l  
be manuf act ur er ' s st andar d coat i ng.

2. 20. 3   Namepl at es and I nst r uct i on Pl at es

Namepl at es shal l  be pr ovi ded f or  each devi ce on t he cont r ol  consol e,  val ve 
panel s and gauge panel s.   Namepl at es shal l  c l ear l y  i ndi cat e t he f unct i on of  
each devi ce and,  i n t he case of  manual l y- oper at ed cont r ol s,  shal l  i ndi cat e 
t he condi t i on est abl i shed f or  each posi t i on of  t he cont r ol .   I nst r uct i on 
pl at es shal l  c l ear l y i ndi cat e t he pr oper  pr ocedur es and sequences of  
oper at i ons t o act i vat e t he syst em,  t o oper at e t he syst em,  and t o secur e t he 
syst em af t er  compl et i on of  oper at i on.   Let t er i ng on namepl at es shal l  be 
machi ne- engr aved on pl ast i c l ami nat e wi t h whi t e char act er s on a bl ack 
backgr ound.   I nst r uct i on pl at es shal l  cont ai n per manent  bl ack l et t er s on a 
whi t e backgr ound.   I nst r uct i on pl at es shal l  be mount ed on a r i gi d backi ng 
and cover ed wi t h c l ear ,  r i gi d pl ast i c sheet i ng.   I nst r uct i on pl at es shal l  
be mount ed i n a l ocat i on easi l y v i s i bl e t o an oper at or  st at i oned at  t he 
consol e or  panel .

2. 20. 4   Secur i t y Pr ovi s i ons

Cont r ol  consol es shal l  be const r uct ed and i nst al l ed t o pr event  unaut hor i zed 
or  acci dent al  oper at i on of  t he syst em.   [ The mai n power  cont r ol  swi t ch 
mount ed on t he cont r ol  consol e shal l  be a key- oper at ed t ype wi t h pr ovi s i on 
f or  r emoval  of  t he key onl y when t he swi t ch i s i n t he " OFF"  posi t i on. ]  [ The 
cont r ol  consol e shal l  be pr ovi ded wi t h a hi nged cover  wi t h a key- oper at ed 
l ock ar r anged t o aut omat i cal l y  l ock t he cover  i n t he c l osed posi t i on. ]

2. 20. 5   Weat her  Pr ot ect i on

Cont r ol  consol es and val ve and gauge panel s exposed t o t he weat her  or  
subj ect ed t o wat er  or  di r t  i n t he at mospher e shal l  be NEMA Type 4 f or  
ext er i or  [ hazar dous]  [ nonhazar dous]  appl i cat i on.   Encl osur es shal l  have 
hi nged and l at ched cover s.   Hi nges shal l  be separ abl e t ype t o per mi t  
compl et e r emoval  of  t he cover  f or  mai nt enance.   Hi nges and l at ches shal l  be 
const r uct ed of  cor r osi on- r esi st ant  st eel  or  appr oved nonf er r ous met al s.

2. 21   TEMPORARY CORROSI ON PROTECTI ON

Unpai nt ed met al  sur f aces shal l  be pr ot ect ed f r om cor r osi on dur i ng shi pment ,  
st or age at  t he s i t e,  and dur i ng const r uct i on oper at i ons so t hat  t he 
sur f aces ar e f r ee of  cor r osi on unt i l  appl i cat i on of  f i nal  f i el d f i ni sh.   
The t empor ar y coat i ng shal l  be compl et el y r emoved and t he sur f aces pr oper l y 
pr epar ed f or  f i nal  f i ni shi ng as speci f i ed i n Sect i on 09 90 00 PAI NTS AND 
COATI NGS.   Pr oduct s,  i ncl udi ng pumps,  r eser voi r s,  cyl i nder s,  and si mi l ar  
assembl i es,  shal l  not  be pr ovi ded unpai nt ed or  wi t h t empor ar y coat i ng,  but  
shal l  be f act or y f i ni shed as speci f i ed.

2. 22   ELECTRI C MOTORS AND CONTROLS

**************************************************************************
NOTE:   Wher e mot or  st ar t er s ar e pr ovi ded i n mot or  
cont r ol  cent er s,  del et e t he r ef er ence t o mot or  
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starters.
**************************************************************************

El ect r i c mot or - dr i ven equi pment  shal l  be pr ovi ded compl et e wi t h mot or s 
[ mot or  st ar t er s]  and cont r ol s.   El ect r i c  equi pment  and wi r i ng i s speci f i ed 
i n [ Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM. ]  [ Sect i on 33 71 02 
UNDERGROUND ELECTRI CAL DI STRI BUTI ON. ]  [ Sect i on 33 71 01 OVERHEAD 
TRANSMI SSI ON AND DI STRI BUTI ON. ]   El ect r i cal  char act er i st i cs shal l  be as 
i ndi cat ed or  speci f i ed.   [ Mot or  st ar t er s shal l  be pr ovi ded compl et e wi t h 
pr oper l y s i zed t her mal  over l oad pr ot ect i on and ot her  appur t enances 
necessar y f or  t he mot or s speci f i ed. ]   Manual  or  aut omat i c cont r ol  and 
pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on,  and any cont r ol  
wi r i ng r equi r ed f or  cont r ol s and devi ces but  not  shown on t he el ect r i cal  
dr awi ngs,  shal l  be pr ovi ded.   Wher e t wo- speed or  var i abl e- speed mot or s ar e 
i ndi cat ed,  sol i d- st at e var i abl e speed cont r ol l er  may be pr ovi ded t o 
accompl i sh t he speed f unct i on.   Each mot or  shal l  be s i zed l ar ge enough t o 
dr i ve t he equi pment  at  t he speci f i ed capaci t y wi t hout  exceedi ng t he 
namepl at e r at i ng of  mot or  when oper at i ng at  pr oper  el ect r i cal  syst em 
voltage.

PART 3   EXECUTI ON

3. 1   EXAMINATION

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s  of  t he wor k,  ver i f y di mensi ons i n 
t he f i el d and advi se t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e 
per f or mi ng t he wor k.

3. 2   INSTALLATION

I nst al l at i on of  hydr aul i c component s shal l  be i n accor dance wi t h t he 
manuf act ur er ' s wr i t t en i nst r uct i ons and under  t he di r ect i on of  t he 
hydr aul i cs t echni c i an.   Compl et e uni t s or  assembl i es shal l  be i nst al l ed 
wi t hout  di sassembl y.   Necessar y suppor t s f or  al l  appur t enances,  pumps,  
mot or s,  heat  exchanger s and ot her  equi pment  or  component s shal l  be 
pr ovi ded.   Fl oor - mount ed equi pment  shal l  be anchor ed t o concr et e pads by 
dowel s set  i n t he concr et e.   Shear  bl ocks may onl y be used wher e 
i nst al l at i on of  dowel s i s compl et el y i mpr act i cal .   Concr et e f or  f oundat i ons 
shal l  be as speci f i ed i n Sect i on 03 30 00. 00 10 CAST- I N- PLACE CONCRETE.   
Dr ai n l i nes shal l  be i nst al l ed f r om t he r eser voi r  t o each component  
r equi r i ng a dr ai n connect i on.   Al l  val ves and ot her  f l ui d cont r ol  devi ces 
shal l  be mount ed as i ndi cat ed.   Mount i ng subpl at es shal l  be i nst al l ed on 
r i gi d suppor t i ng sur f aces i n a manner  t hat  wi l l  pr ecl ude i mposi t i on of  
f or ces on t he pi pi ng and t ubi ng ot her  t han t hose cr eat ed by f l ui d pr essur e 
al one.   Shi ms shal l  be pr ovi ded at  l ocat i ons r equi r ed t o per mi t  pr oper  
adj ust ment ,  al i gnment ,  and posi t i on of  syst em component s and assembl i es.   
Component s shal l  be mar ked t o i ndi cat e per t i nent  oper at i onal  r equi r ement s,  
war ni ngs,  and l i mi t at i ons such as maxi mum al l owabl e oper at i ng pr essur e,  
t emper at ur e,  vel oci t y,  r ange of  adj ust ment ,  f l ow capaci t y,  st r oke,  
di r ect i on of  f l ow,  r ot at i on or  mot i on,  saf et y pr ecaut i ons,  and mat er i al s 
compat i bi l i t y .   The mar ki ngs shal l  be by st ampi ng or  embossi ng on t he 
component  or  on an at t ached pl at e or  t ag whi ch shal l ,  bar r i ng mut i l at i on,  
r emai n af f i xed and l egi bl e f or  t he l i f e of  t he component .

3. 2. 1   I nst al l at i on Dr awi ng Submi t t al

Submi t  dr awi ngs consi st i ng of  a compl et e l i s t  of  equi pment  and mat er i al s,  
i ncl udi ng manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e;  cat al og 
cut s;  per f or mance char t s and cur ves;  and i nst al l at i on i nst r uct i ons.   
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Dr awi ngs shal l  al so cont ai n compl et e wi r i ng and schemat i c di agr ams and 
ot her  det ai l s  r equi r ed t o demonst r at e t hat  t he syst em has been coor di nat ed 
and wi l l  pr oper l y f unct i on as a uni t .   Dr awi ngs  f or  mot or s,  act uat or s,  
cyl i nder s,  pumps,  cont r ol s,  and ot her  component s shal l  be i ncl uded.   Movi ng 
par t s f l ui d cont r ol  di agr ams shal l  f ol l ow t he met hods i n NFLPA T3. 28. 9.   
Dr awi ngs shal l  show pr oposed l ayout  and anchor age of  equi pment  and 
appur t enances,  and equi pment  r el at i onshi p t o ot her  par t s of  t he wor k 
i ncl udi ng c l ear ances r equi r ed f or  mai nt enance and oper at i on.   Det ai l s  shal l  
i ncl ude l oadi ngs and t ypes of  f r ames,  br acket s,  st anchi ons and ot her  
suppor t s,  and pi pe anchor s f or  suppor t ed pi pe and equi pment .   Foundat i on 
dr awi ngs shal l  i ncl ude bol t  set t i ng i nf or mat i on f or  equi pment  i ndi cat ed or  
r equi r ed t o have concr et e f oundat i ons.

3. 2. 2   Component s and Subassembl i es

Component s shal l  be secur el y mount ed t o t he suppor t i ng sur f ace.   Car e shal l  
be exer ci sed t hat  f ast eni ngs ar e not  over t i ght ened t o t he ext ent  t hat  
component  bodi es ar e di st or t ed or  damaged.   Pi vot  t ype mount i ngs shal l  be 
car ef ul l y  al i gned t o ensur e f r ee oper at i on t hr oughout  t he ent i r e r ange of  
movement .   Cyl i nder s shal l  be car ef ul l y  al i gned so t hat  no s i de l oads ar e 
i mposed on t he pi st on r od at  any poi nt  i n t he f ul l  s t r oke.   Subassembl i es 
shal l  be mount ed and br aced i ndependent l y of  t he connect i ng l i nes.

3. 2. 3   Connect i ons t o Mechani sms

Pumps and mot or s shal l  be car ef ul l y  al i gned wi t h t he mechani sms t o be 
oper at ed and shal l  be shi mmed as necessar y t o el i mi nat e angul ar  and r adi al  
mi sal i gnment  bet ween t he mat i ng shaf t s.   Shaf t  coupl i ngs whi ch r equi r e 
l ubr i cat i on shal l  be l ubr i cat ed at  t he t i me of  i nst al l at i on.   Pi vot - t ype 
connect i ons shal l  be l ubr i cat ed at  assembl y.

3. 2. 4   Ri gi d Conduct or s

Hydr aul i c pi pe and t ubi ng shal l  be secur el y mount ed and anchor ed t o 
st r uct ur al  member s.   Suppor t s and anchor s shal l  be l ocat ed as i ndi cat ed.   
Guar ds shal l  be pr ovi ded at  al l  l ocat i ons wher e t he st r uct ur e does not  
pr ovi de pr ot ect i on f or  t he l i nes f r om damage due t o movement  of  per sonnel  
and equi pment .   Seal s shal l  not  be r emoved f r om pi pe and t ubi ng assembl i es 
or  f r om por t s on component s unt i l  t he l i nes ar e r eady f or  connect i on.   
Pr ovi s i ons,  i ncl udi ng but  not  l i mi t ed t o pr ovi di ng por t abl e scr eens and 
shel t er s,  shal l  be t aken t o mi ni mi ze t he ent r ance of  abr asi ves,  di r t ,  met al  
chi ps,  and ot her  f or ei gn mat er i al s i nt o t he hydr aul i c syst em t hr ough open 
ends of  l i nes and por t s of  component s.

3. 2. 5   Fl exi bl e Conduct or s

Fl exi bl e conduct or s shal l  be i nst al l ed i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.   Speci al  car e shal l  be exer ci sed t o avoi d 
i mpar t i ng any t wi st  i n t he conduct or s dur i ng t i ght eni ng of  f i t t i ngs.   
Suppor t s shal l  be pr ovi ded and l ocat ed t o pr event  conduct or s f r om 
cont act i ng and chaf i ng agai nst  f i xed member s.   Cl amps and st r aps used t o 
suppor t  hoses shal l  be pr ovi ded wi t h sof t  r esi l i ent  s l eeves,  l i ni ngs or  
bushi ngs t o pr event  cut t i ng and abr adi ng of  t he hose.   The r out i ng of  
f l exi bl e hoses shal l  be ar r anged t o pr ecl ude i mpar t i ng a t wi st  i n t he hose 
due t o r el at i ve mot i on bet ween t he component s t o whi ch t he hose i s 
connect ed.   The mi ni mum bend r adi us of  t he hose shal l  not  be l ess t han t hat  
r ecommended f or  t he par t i cul ar  hose si ze and maxi mum syst em oper at i ng 
pr essur e.   Heat  shi el ds or  i nsul at i ng j acket s shal l  be pr ovi ded wher e hose 
passes c l ose t o heat ed sur f aces.
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3. 2. 6   I nst al l at i on of  Tubi ng

Tubi ng shal l  be cut  squar e usi ng t ube cut t er s speci f i cal l y  desi gned f or  t he 
mat er i al  t o be cut .   The use of  hacksaws or  ot her  chi p- pr oduci ng equi pment  
wi l l  not  be per mi t t ed.   Bur r s shal l  be compl et el y r emoved af t er  t he t ubi ng 
i s cut  and t he i nsi de di amet er  of  t he t ube shal l  be chamf er ed s l i ght l y.   
Af t er  t he cut t i ng and debur r i ng oper at i ons,  al l  met al  f r agment s shal l  be 
r emoved f r om t he t ubi ng i nt er i or  and f r om seal i ng sur f aces.   Tube bender s 
desi gned and r ecommended by t he manuf act ur er  shal l  be used f or  bendi ng 
st ai nl ess st eel  t ubi ng of  t he wal l  t hi cknesses and si zes speci f i ed f or  t he 
i nst al l at i on.   Bends shal l  be accur at el y made t o t he pr oper  angl e so t hat  
f i t t i ngs al i gn pr oper l y and mat e wi t hout  appl i cat i on of  f or ce or  spr i ngi ng 
of  t he t ube or  f i t t i ng and al i gnment  shal l  be t r ue enough so t hat  t hr eads 
may be engaged and hand t ur ned not  l ess t han t hr ee t ur ns.   Bends shal l  be 
compl et el y f r ee f r om wr i nkl i ng,  and f l at t eni ng shal l  not  exceed 5 per cent  
of  t he out s i de di amet er .   Tube bender s shal l  be pr ovi ded wi t h necessar y 
r adi us bl ocks,  s l i de bl ocks,  and speci al  c l ose r adi us bl ocks,  as r equi r ed 
t o adapt  t he bendi ng t ool s t o t he r equi r ement s of  t he wor k.   Wher e 
necessar y t o ensur e pr oper l y f abr i cat ed bends,  i nt er nal  mandr el s of  pr oper  
di amet er  f or  t he s i ze and wal l  t hi ckness of  t he t ubi ng shal l  be used.

3. 2. 7   Test  Connect i ons

Test  connect i ons and t est  val ves shal l  be pr ovi ded at  each l ocat i on 
i ndi cat ed.   Unl ess ot her wi se i ndi cat ed,  al l  t est  connect i ons shal l  be 6. 4 mm
 1/ 4 i nch s i ze.

3. 2. 8   Wel ded I nst al l at i on

Hydr aul i c pi pe wel dment s shal l  be as i ndi cat ed.   Changes i n di r ect i on of  
pi pi ng shal l  be made wi t h wel di ng f i t t i ngs onl y;  mi t er i ng or  not chi ng pi pe 
t o f or m el bows and t ees or  ot her  s i mi l ar  t ype const r uct i on wi l l  not  be 
per mi t t ed.   Br anch connect i on may be made wi t h ei t her  wel di ng t ees or  
f or ged br anch out l et  f i t t i ngs.   Br anch out l et  f i t t i ngs shal l  be f or ged,  
f l ar ed f or  i mpr ovement  of  f l ow wher e at t ached t o t he r un,  and r ei nf or ced 
agai nst  ext er nal  st r ai ns.   Bevel i ng,  al i gnment ,  heat  t r eat ment ,  and 
i nspect i on of  wel ds shal l  conf or m t o ASME B31. 1.   Wel d def ect s shal l  be 
r emoved and r epai r s made t o t he wel d,  or  t he wel d j oi nt s shal l  be ent i r el y 
r emoved and r ewel ded at  no addi t i onal  cost  t o t he Gover nment .   Af t er  f i l l er  
met al  has been r emoved f r om i t s or i gi nal  package,  i t  shal l  be pr ot ect ed or  
st or ed so t hat  i t s  char act er i st i cs or  wel di ng pr oper t i es ar e not  adver sel y 
af f ect ed.   El ect r odes t hat  have been wet t ed or  t hat  have l ost  any of  t hei r  
coat i ng shal l  not  be used.

3. 3   MANUFACTURERS'  FI ELD SERVI CES

Pr ovi de ser vi ces of  a manuf act ur er ' s r epr esent at i ve who i s exper i enced i n 
t he i nst al l at i on,  adj ust ment ,  and oper at i on of  t he equi pment  speci f i ed.   
The r epr esent at i ve shal l  super vi se t he i nst al l at i on,  adj ust ment  and t est s 
of  equi pment .

3. 3. 1   Hydr aul i c Techni c i an

Pr ovi de ser vi ces of  a hydr aul i cs t echni c i an t o coor di nat e and super vi se t he 
i nst al l at i on,  adj ust ment s,  t est s,  and f i el d i nst r uct i ons f or  t he hydr aul i c 
syst em.   The hydr aul i cs t echni c i an shal l  have at  l east  3 year s of  cur r ent  
exper i ence i n t he i nst al l at i on and oper at i on of  s i mi l ar  syst ems and shal l  
be r ecommended by t he syst em suppl i er  or  may be t he manuf act ur er ' s 
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representative.

3. 3. 2   Fi el d I nst r uct i ons Pr epar at i on

Submi t  pr oposed di agr ams,  i nst r uct i ons,  and ot her  sheet s,  bef or e post i ng.   
Wi r i ng and cont r ol  di agr ams showi ng t he compl et e l ayout  of  t he ent i r e 
syst em i ncl udi ng equi pment  pi pi ng,  val ves,  and cont r ol  sequence,  f r amed 
under  gl ass or  i n l ami nat ed pl ast i c,  shal l  be post ed wher e i ndi cat ed f or  
l ocal  oper at or  and mai nt enance assi st ance.   I n addi t i on,  condensed 
oper at i ng i nst r uct i ons expl ai ni ng pr event i ve mai nt enance pr ocedur es,  
met hods of  checki ng t he syst em f or  nor mal  saf e oper at i on,  and pr ocedur es 
f or  saf el y st ar t i ng and st oppi ng t he syst em shal l  be t yped,  f r amed as 
speci f i ed f or  t he wi r i ng and cont r ol  di agr ams,  and post ed besi de t he 
di agr ams.   Post  t he f r amed i nst r uct i ons bef or e accept ance t est i ng of  t he 
systems.

3. 4   FI ELD TESTS AND CLEANI NG OF HYDRAULI C LI NES

**************************************************************************
NOTE:   I f  t he hydr aul i c syst em i s  del i ver ed as a 
sel f - cont ai ned packaged uni t ,  t est ed,  seal ed,  and 
cer t i f i ed by t he manuf act ur er ,  del et e t he second 
par agr aph under  SD- 06,  Repai r  Requi r ement s,  under  
par agr aph SUBMI TTALS and al so t hi s par agr aph and i t s 
subpar agr aphs i n t hei r  ent i r et y.

**************************************************************************

Secur e t he ser vi ces of  a hydr aul i c engi neer  or  t echni c i an,  as appr oved by 
t he Cont r act i ng Of f i cer ,  f or  [ _____]  wor ki ng days t o moni t or  t he f i nal  
c l eani ng and t est i ng of  t he hydr aul i c syst em.

a.   Submi t  t est  r epor t s i n bookl et  f or m showi ng f i el d t est s per f or med t o 
adj ust  each component  and f i el d t est s per f or med t o pr ove compl i ance 
wi t h t he speci f i ed per f or mance cr i t er i a,  upon compl et i on and t est i ng of  
t he i nst al l ed syst em.   I ndi cat e i n each t est  r epor t  t he f i nal  posi t i on 
of  any syst em cont r ol s.

b.   As a por t i on of  t he c l eani ng pr ocedur e,  submi t  det ai l s  of  t he sampl i ng 
and t est i ng oper at i ons and t he possi bl e l ocat i ons f or  wi t hdr awi ng 
hydr aul i c f l ui d sampl es.

3. 4. 1   Pr oof  Test i ng

**************************************************************************
NOTE:   I f  t he wor k i nvol ves modi f i cat i ons t o 
exi st i ng hydr aul i c syst ems,  del et e t he br acket s i n 
t he f i r st  sent ence.   Ot her wi se,  del et e t he 
expr essi on wi t hi n t he br acket s and t he br acket s.

**************************************************************************

Al l  l i nes [ i ncl udi ng r ei nst al l ed exi st i ng l i nes] ,  except  component  dr ai n 
l i nes,  shal l  be pr oof  t est ed t o not  l ess t han 150 per cent  of  desi gn 
oper at i ng pr essur e.   Component  dr ai n l i nes shal l  be pr oof  t est ed t o 150 
per cent  of  t he desi gn wor ki ng pr essur e or  690 kPa 100 psi ,  whi chever  i s  t he 
gr eat er .   Al l  wel ded,  f l anged,  f l ar ed,  and t hr eaded connect i ons shal l  be 
car ef ul l y  exami ned f or  l eakage and al l  l i nes shal l  be i nspect ed f or  
evi dence of  def l ect i on caused by i nadequat e anchor age.   The pr oof  t est  
medi um shal l  be ei t her  t he f l ui d appr oved f or  use i n t he syst em or  a 
f l ushi ng compound speci f i cal l y  appr oved f or  use by t he manuf act ur er  of  t he 
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f l ui d appr oved f or  use i n t he syst em.   Pr oof  t est  pr essur e shal l  be 
mai nt ai ned l ong enough t o per mi t  t hor ough and compl et e i nspect i on but  i n no 
case l ess t han 1 hour  f or  each t est .

3. 4. 2   Fi el d Cl eani ng

**************************************************************************
NOTE:   I f  t he wor k i nvol ves modi f i cat i ons t o 
exi st i ng hydr aul i c syst ems,  del et e t he br acket s i n 
t he f i r st  sent ence.   Ot her wi se,  del et e t he 
expr essi on wi t hi n t he br acket s and t he br acket s.

The al l owabl e l i mi t  of  cont ami nat i on i n t hi s 
par agr aph i s subj ect  t o t he speci f i c  pr oj ect  desi gn 
r equi r ement s whi ch may necessi t at e r evi s i on or  
expansi on t o cover  var yi ng st andar ds of  accept ance.   
The amount  and s i zes of  par t i c l es whi ch any gi ven 
component  can t ol er at e i s a f unct i on of  t he 
c l ear ances bet ween movi ng par t s,  t he f r equency and 
speed of  oper at i on,  and t he mat er i al s of  
const r uct i on.   Tol er ances r ange f r om l ow pr essur e 
gear  pumps whi ch may gi ve sat i sf act or y per f or mance 
wi t h di r t  l evel s t ypi cal l y  f ound i n new f l ui d ( SAE 
J1165 18/ 15)  t o ser vo cont r ol  val ves whi ch r equi r e 
oi l  ei ght  t i mes c l eaner  ( SAE J1165 15/ 12) .   Gener al  
gui del i nes ar e as f ol l ows:

Syst em Type Code Level

Low pr essur e -  manual  cont r ol 18/ 15 or  bet t er

Low t o medi um pr essur e -  
el ect r ohydr aul i c cont r ol s

17/ 14 or  bet t er

Syst ems wi t h ser vo or  pr opor t i onal  
cont r ol  val ves

17/ 14 or  bet t er

Hi gh pr essur e -  ser vo cont r ol l ed 15/ 12 or  bet t er

Hydr aul i c f l ui d power  equi pment  i s  r at ed accor di ng 
t o maxi mum pr essur e.   Gener al l y l ow pr essur e i s 0 t o 
4. 1 MPa 0 t o 600 psi ,  medi um pr essur e t o 21 MPa 3000 
psi ,  and hi gh pr essur e t o 35 MPa 5000 psi .

Resul t s of  mi cr oscopi c par t i c l e count  i n accor dance 
wi t h SAE AS598 ar e r epor t ed as t he number  of  
par t i c l es per  mi l l i l i t er  gr eat er  t han i ndi cat ed 
s i zes as or di nat es on a gr aph wher e par t i c l e s i ze i n 
mi cr ons i s t he absci ssa.   Segment s of  t he or di nat e 
ar e assi gned code l evel s and t he code l evel  f or  
par t i c l e s i zes gr eat er  t han 15 mi cr ons i s r epor t ed 
as t he numer at or  and t he code l evel  f or  par t i c l e 
s i zes gr eat er  t han 5 mi cr ons i s r epor t ed as t he 
denomi nat or  i n t he pai r  of  r ange number s i n t he I SO 
( I nt er nat i onal  Or gani zat i on f or  St andar di zat i on)  
Sol i d Cont ami nant  Code,  as i dent i f i ed i n SAE J1165.   
Hi gher  code l evel s i ndi cat e hi gher  par t i c l e count s 
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per  mi l l i l i t er .   Exampl e:   15/ 12 means a code l evel  
of  15 f or  par t i c l es gr eat er  t han 5 mi cr ons and a 
code l evel  of  12 f or  par t i c l es gr eat er  t han 15 
mi cr ons.   Fi l t er  manuf act ur i ng f i r ms can be t he 
sour ce of  i nf or mat i on r egar di ng det er mi nat i on of  
cont ami nat i on l evel s and anal ysi s and have avai l abl e 
por t abl e k i t s f or  mor e gener al  det ect i on of  
contamination.

**************************************************************************

Af t er  pr oof  t est s have been sat i s f act or i l y  compl et ed,  f i el d i nst al l ed 
hydr aul i c l i nes [ i ncl udi ng r ei nst al l ed exi st i ng l i nes]  shal l  be c l eaned i n 
pl ace.   Submi t  a det ai l ed f i el d c l eani ng pr ocedur e f or  appr oval  i n 
accor dance wi t h par agr aph SUBMI TTALS not  l ess t han [ _____]  days bef or e 
st ar t  of  c l eani ng oper at i ons.   The pr ocedur e shal l  i ncl ude det ai l ed 
descr i pt i on of  equi pment ,  mat er i al s,  f or mul at i ons of  c l eani ng agent s,  
sol ut i on t emper at ur es,  dur at i on of  each phase of  t he c l eani ng oper at i on,  
met hod of  r emoval  of  c l eani ng agent s,  and met hod of  dr y i ng af t er  c l eani ng.   
The pr ocedur e shal l  f r ee t he syst em of  par t i c l es so t hat  t he cont ami nat i on 
l evel  shal l  be bel ow 15/ 12 [ _____]  i n accor dance wi t h SAE J1165.   
Col l ect i on of  sampl es and conduct  of  t est s shal l  be per f or med by an 
appr oved i ndependent  t est i ng l abor at or y sel ect ed by t he Cont r act or .   The 
sampl es shal l  be exami ned f or  par t i c l e s i ze and popul at i on count  by t he 
mi l l i por e or  equi val ent  met hod i n accor dance wi t h SAE AS598.  Tabul at i on of  
par t i c l e s i ze and popul at i on shal l  be i n accor dance wi t h t he s i ze gr oupi ngs 
i n accor dance wi t h SAE J1165;  and t o t he ext ent  possi bl e,  par t i c l es shal l  
be v i sual l y i dent i f i ed as met al l i c  or  nonmet al l i c ,  magnet i c or  nonmagnet i c,  
and by col or  and composi t i on.   Fl ui d shal l  be c i r cul at i ng i n t he syst em at  
not  l ess t han syst em desi gn f l ui d oper at i ng vel oci t y dur i ng wi t hdr awal  of  
t he sampl es.   Thr ee 500 mi l l i l i t er  s i ze sampl es shal l  be t aken at  r andom 
l ocat i ons i n each f l ushi ng of  t he syst em.   I f  any sampl e does not  compl y 
wi t h t he per mi ssi bl e cont ami nat i on l i mi t s,  t he syst em shal l  be r ecl eaned 
and r ei nspect ed.   Accessi bl e i nt er i or  por t i ons of  t he syst em shal l  al so be 
subj ect ed t o v i sual  and wi pe t est s and any evi dence of  cont ami nant s 
exceedi ng al l owabl e l i mi t s shal l  r equi r e r ecl eani ng of  t he syst em.

3. 4. 3   Fi el d Tr ai ni ng

**************************************************************************
NOTE:   The bl ank wi l l  be f i l l ed wi t h t he appr opr i at e 
number  of  hour s r equi r ed f or  gi v i ng i nst r uct i ons.

**************************************************************************

Pr ovi de a f i el d t r ai ni ng cour se f or  desi gnat ed oper at i ng st af f  member s.   
Tr ai ni ng shal l  be pr ovi ded f or  a t ot al  per i od of  [ _____]  hour s of  nor mal  
wor ki ng t i me and shal l  s t ar t  af t er  t he syst em i s f unct i onal l y compl et e but  
pr i or  t o f i nal  accept ance t est s.   Fi el d t r ai ni ng shal l  cover  i t ems 
cont ai ned i n t he Oper at i on and Mai nt enance Manual s.

3. 4. 3. 1   Oper at i on Manual

Submi t  oper at i ng i nst r uct i ons out l i ni ng t he st ep- by- st ep pr ocedur es 
r equi r ed f or  syst em st ar t up,  oper at i on,  and shut down.   The i nst r uct i ons 
shal l  i ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  par t s 
l i s t ,  and br i ef  descr i pt i on of  al l  equi pment  and t hei r  basi c oper at i ng 
f eat ur es.   Fi el d c l eani ng pr ocedur es desi gned t o c l ean t he syst em t o t he 
r equi r ement s speci f i ed.
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3. 4. 3. 2   Mai nt enance Manual

Submi t  mai nt enance i nst r uct i ons l i s t i ng r out i ne mai nt enance pr ocedur es,  
possi bl e br eakdowns and r epai r s,  and t r oubl eshoot i ng gui des.   The 
i nst r uct i ons shal l  i ncl ude equi pment  l ayout  and si mpl i f i ed wi r i ng and 
cont r ol  di agr ams of  t he syst em as i nst al l ed.

3. 4. 4   Hydr aul i c Syst em Fi nal  Accept ance Test s

3. 4. 4. 1   Preparation

**************************************************************************
NOTE:   The r equi r ement  f or  pr el i mi nar y t est s by t he 
Cont r act or  bef or e t he f i nal  accept ance t est s may be 
del et ed f or  t hose syst ems f or  whi ch t he Cor ps of  
Engi neer s has t he sol e r esponsi bi l i t y  f or  accept ance 
of  t he syst em or  f or  s i mpl e syst ems whi ch can be 
accept ance- t est ed i n one wor ki ng day and r equi r e 
onl y one i nspect or  t o obser ve t he t est .

**************************************************************************

I n pr epar at i on f or  t he f i nal  accept ance t est s,  and af t er  compl et i on of  
i nst al l at i on,  l ubr i cat i on,  and adj ust ment ,  oper at e t he hydr aul i c syst em t o 
pr ove accept abi l i t y .   Compl et e t hi s t est  not  l ess t han 10 days bef or e 
benef i c i al  occupancy.   Conduct  pr el i mi nar y t est s at  mi ni mum pr essur es and 
vel oci t i es unt i l  i ni t i al  adj ust ment s have been pr oven saf e f or  nor mal  
oper at i on.   Det ai l s  of  al l  oper at i ons shal l  be const ant l y moni t or ed f or  
s i gns of  i mpendi ng t r oubl e and cor r ect i ons made as necessar y t o pr event  
damage t o equi pment .   [ A wr i t t en st at ement  t hat  t he hydr aul i c syst em has 
been f i el d t est ed and meet s al l  oper at i onal  r equi r ement s shal l  be f ur ni shed 
t o t he Cont r act i ng Of f i cer  bef or e schedul i ng t he f i nal  accept ance t est s. ]

3. 4. 4. 2   Conduct i ng Fi nal  Accept ance Test s

At  such t i me as t he Cont r act i ng Of f i cer  may di r ect ,  conduct  t he f ol l owi ng 
compl et e accept ance t est s on t he hydr aul i c syst em f or  appr oval .   Al l  t est s 
shal l  be conduct ed i n t he pr esence of  t he Cont r act i ng Of f i cer .   Each 
def i c i ency or  mal adj ust ment  di scl osed by t he t est s shal l  be cor r ect ed 
i mmedi at el y and t he t est  r epeat ed unt i l  sat i sf act or y r esul t s ar e obt ai ned.   
No subsequent  t est s wi l l  be per mi t t ed unt i l  al l  pr ecedi ng t est s have been 
compl et ed sat i sf act or i l y .

3. 4. 4. 2. 1   I ni t i al  St ar t - Up

The hydr aul i c r eser voi r s shal l  be i nspect ed t o ensur e t hat  f l ui d i s  at  t he 
pr oper  l evel .   [ I t  shal l  be ver i f i ed t hat  t he f l ui d equal i z i ng val ve i s 
f ul l y  open. ]   [ The r eser voi r  pr essur i zat i on syst em shal l  be i nspect ed t o 
ensur e t hat  al l  val ves ar e open and t hat  t he pr essur e r egul at i ng val ve i s 
adj ust ed t o pr ovi de t he speci f i ed pr essur e i n t he r eser voi r s. ]   [ The 
accumul at or  pr echar ge pr essur e shal l  be i nspect ed and adj ust ed t o speci f i ed 
val ue. ]   The hydr aul i c pumps shal l  be st ar t ed usi ng t he cont r ol s at  t he 
cont r ol  consol e.   The oper at i on of  t he pumps shal l  be i nspect ed f or  pr oper  
oper at i on and di schar ge pr essur e.   [ The pr essur e compensat or  shal l  be 
adj ust ed as r equi r ed. ]   [ The pr essur e compensat or s shal l  be adj ust ed t o 
equal i ze t he di schar ge pr essur es. ]   The di schar ge pr essur e of  [ t he]  [ each]  
pump shal l  be r ead and r ecor ded.   [ The pr essur e r el i ef  val ve shal l  be 
adj ust ed t o l i mi t  syst em pr essur e t o t he speci f i ed val ue. ]   [ The unl oadi ng 
val ve shal l  be adj ust ed t o unl oad t he pumps t o t he r eser voi r  when t he 
accumul at or  has been char ged t o t he speci f i ed pr essur e. ]   Hydr aul i c  l i nes 
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and component s whi ch ar e under  pr essur e shal l  be i nspect ed f or  evi dence of  
l eakage and f or  evi dence of  di st or t i on because of  i nadequat e or  i mpr oper  
suppor t .   [ Br anch ci r cui t  pr essur e r educi ng val ve and r el i ef  val ve set t i ngs 
shal l  be i nspect ed and adj ust ed as r equi r ed t o obt ai n speci f i ed val ues. ]

3. 4. 4. 2. 2   Combi ned Syst em Test s

**************************************************************************
NOTE:   The cont ent s of  t hi s par agr aph ar e dependent  
upon t he s i ze and compl exi t y of  t he syst ems cover ed 
by t hi s speci f i cat i on.   Compl et e t est i ng of  t he 
ent i r e syst em may necessi t at e expansi on by i ncl udi ng 
addi t i onal  appr opr i at e par agr aphs i f  t he syst em 
i nvol ves sever al  subsyst ems whi ch war r ant  i ndi v i dual  
testing.

**************************************************************************

Test s and i nspect i ons of  [ t he hydr aul i c syst em]  [ each br anch of  t he 
hydr aul i c syst em]  shal l  be per f or med concur r ent l y wi t h t he t est i ng 
speci f i ed under  ot her  sect i ons whi ch t est  t he mechani sm oper at ed by t he 
hydr aul i c syst em.   Dur i ng each t est  oper at i on hydr aul i c l i nes and devi ces 
shal l  be i nspect ed f or  l eakage and f or  evi dence of  di st or t i on due t o 
i nadequat e or  i mpr oper  suppor t .   The pr essur e i n t he suppl y and r et ur n 
l i nes f or  each di r ect i on of  oper at i on shal l  be r ead and r ecor ded.   Response 
of  component s t o oper at i on of  appl i cabl e cont r ol s [ on t he cont r ol  consol e]  
shal l  be i nspect ed t o ensur e t hat  al l  connect i ons have been made pr oper l y.   
[ Fl ow cont r ol  val ves shal l  be checked and adj ust ed as r equi r ed t o conf or m 
t o i ndi cat ed oper at i ng t i me r equi r ement s. ]   [ Sequence val ves shal l  be 
i nspect ed and adj ust ed as r equi r ed t o obt ai n t he i ndi cat ed sequence of  
oper at i on. ]   [ Chokes i n pi l ot  c i r cui t s of  pi l ot - oper at ed val ves shal l  be 
adj ust ed t o obt ai n smoot h,  shock- f r ee oper at i on. ]   [ Rest r i ct i on i n 
ext er nal l y pi l ot ed count er bal ance val ves shal l  be adj ust ed t o obt ai n smoot h 
oper at i on wi t hout  v i br at i on. ]

3. 4. 4. 2. 3   Test  Logs

**************************************************************************
NOTE:   Edi t  t he l i s t  as r equi r ed.

**************************************************************************

Pr epar e and compl et e a t est  l og showi ng i n det ai l  t he r esul t s of  t he 
t est s.   Thr ee copi es of  t he compl et ed t est  l og shal l  be del i ver ed t o t he 
Cont r act i ng Of f i cer  not  mor e t han 48 hour s af t er  compl et i on of  t he t est s.   
Pr epar e a compl et e and det ai l ed t abul at i on showi ng val ues of  pr essur es,  
f l ow r at es,  and al l  adj ust ment s r ecor ded dur i ng f i nal  t est s,  adj ust ment ,  
and cal i br at i on of  t he ent i r e syst em.   Dur i ng each t est  r un,  t he f ol l owi ng 
dat a and obser vat i ons shal l  be r ecor ded:

a.   Cont r ol  oper at i on

b.   Vol t ages

c.   Cur r ent s

d.   Hydr aul i c pr essur es

e.   Speeds and t i mes

f .   Fl ow cont r ol  val ve set t i ngs
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g.   Al i gnment  and oper at i ng c l ear ances

h.   Excessi ve v i br at i on,  by component

i .   Temper at ur e of  mot or s and hydr aul i c f l ui d

j .   Per t i nent  obser vat i ons r egar di ng such event s as unusual  sounds,  
mal f unct i ons or  di f f i cul t i es encount er ed,  and adj ust ment s r equi r ed.

3. 5   PAI NTI NG AND COLOR CODI NG

3. 5. 1   Painting

Al l  exposed ext er i or  sur f aces of  assembl i es and equi pment  except  
cor r osi on- r esi st ant  st eel ,  synt het i c r ubber ,  and pl ast i c,  shal l  be shop 
pr i med and coat ed as speci f i ed:   Compl et e syst em,  i ncl udi ng col or  codi ng 
and pi pi ng,  shal l  be pai nt ed as speci f i ed i n Sect i on 09 90 00 PAI NTS AND 
COATI NGS.   I nsof ar  as pr act i cabl e,  t he compl et e coat i ng syst em shal l  be 
appl i ed t o i ndi v i dual  component s and i t ems bef or e assembl y t o ensur e 
compl et e cover age and maxi mum pr ot ect i on agai nst  cor r osi on.

3. 5. 2   Pi pe Col or  Code Mar ki ng

**************************************************************************
NOTE:   Desi gner  wi l l  coor di nat e col or  code mar ki ng 
wi t h Sect i on 09 90 00.   Col or  code mar ki ng f or  
pi pi ng not  l i s t ed i n Tabl e I  of  Sect i on 09 90 00 
wi l l  be added t o t he t abl e.

**************************************************************************

Col or  code mar ki ng of  pi pi ng shal l  be as speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.

3. 5. 3   Fi el d Touch- Up

Chi ps,  scr at ches,  and ot her  damage t o shop- appl i ed pai nt ed sur f aces shal l  
be r epai nt ed i n t he f i el d.   Fi ni sh f i el d col or s shal l  mat ch t hose of  mar r ed 
finishes.

        - -  End of  Sect i on - -
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