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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  space t emper at ur e cont r ol  syst ems 
of  t he el ect r i c ,  anal og el ect r oni c,  and pneumat i c 
t ype f or  heat i ng,  vent i l at i ng,  and cool i ng syst em.

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) .

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

**************************************************************************
NOTE:    I f  t her e ar e quest i ons concer ni ng syst em 
desi gn,  The Engi neer i ng Fi el d Di v i s i on,  Naval  
Faci l i t i es Engi neer i ng Command,  Mechani cal  
Engi neer i ng and Desi gn Br anch,  and El ect r i cal  
Engi neer i ng and Desi gn Br anch shoul d be consul t ed.

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

**************************************************************************
NOTE:   The f ol l owi ng i nf or mat i on shal l  be shown on 
t he pr oj ect  dr awi ngs:

1.   Compl et e HVAC mechani cal  f l ow di agr am depi ct i ng 
i ndi v i dual  HVAC component s bei ng cont r ol l ed.   
Rel at i ve posi t i on of  sensor s and act uat or s,  
i ncl udi ng damper s,  val ves,  t her most at s,  and wal l  
mount ed swi t ches.
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2.   Compl et e ATC schemat i cs i ncl udi ng f l ow di agr ams,  
connect i on di agr ams,  wi r i ng i nt er l ock di agr ams,  
set poi nt s,  and sequences of  oper at i on.   I ndi cat e 
cont r ol  and oper at i ng r anges t o c l ar i f y cont r ol  
sequences.   I ndi cat e manual - of f - aut o l ocal  cont r ol s 
on t he l ocal l y mount ed mot or  st ar t er s and i n cont r ol
panel ( s)  f or  r emot e mot or  st ar t er s;  wi r e al l  saf et y
cont r ol s t o pr ot ect  dur i ng bot h l ocal  manual  and 
aut o oper at i on.  I ndi cat e el ect r i c  el ement ar y 
di agr ams of  mot or  st ar t er s,  cont r ol  devi ce 
act uat or s,  and cont r ol  sensor s.

3.   Locat i on and t ypes of  aut omat i c damper s,  
i ncl udi ng smoke damper s,  e. g. ,  opposed or  par al l el  
blade.

4.   Cont r ol  val ve nomi nal  s i zes,  f l ow capaci t i es,  
i nl et  pr essur es,  cont r ol l ed f l ui d,  maxi mum and 
mi ni mum pr essur e dr ops at  t he desi gned f l ow,  and 
cal cul at ed Cv.   Sel ect  val ves f or  smal l est  Cv wi t hi n 
avai l abl e pr essur e const r ai nt s,  pi pe vel oci t i es,  
economy of  desi gn,  and noi se cr i t er i a.

5.   Requi r ed cont r ol l er  par amet er s:

a.   Thr ot t l i ng r ange,  set poi nt ,  and cont r ol l er  
act i on,  di r ect  or  r ever se.

b.   Di f f er ent i al  f or  t wo- posi t i on cont r ol l er s.

c.   Speci f y t he dead- band r ange f or  heat i ng and 
cool i ng appl i cat i ons and t he cascade cont r ol  r ange 
or  r emot e set poi nt  adj ust ment .

6.   Speci al  cont r ol l er  par amet er s:

a.   Fi xed set poi nt  and f i xed di f f er ent i al  
controllers.

b.   Adj ust abl e dampi ng and dampi ng r at e.

c.   Pr opor t i onal - i nt egr al - der i vat i ve mode const ant  
settings.

7.   Scal e t he r ange of  t emper at ur e and pr essur e 
i ndi cat or s.   Locat i on of  t emper at ur e wel l s and 
pr essur e t aps.

8.   I ni t i al  t i me swi t ch set t i ngs f or  each zone.

9.   Smoke det ect i on syst ems and l ocat i on of  
key- oper at ed over r i de swi t ches,  when r equi r ed,  al ong 
wi t h t he zoni ng ar r angement s f or  t hese syst ems.

10.   Def i ne whi ch i ndi cat or s and gages ar e mount ed 
on t he panel  f ace and whi ch ar e l ocat ed i nsi de t he 
panel .   Pr ovi de a compl et e l ayout  of  t he panel  f aces 
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wher e a uni que ar r angement  i s  necessar y f or  
ef f i c i ent  oper at i on.

11.   Locat i on of  r oom sensor s and out door  sensor s.

12.   Locat i on of  pneumat i c compr essor s and 
r ef r i ger at ed ai r  dr yer s when r equi r ed.

13.   Wr i t e sequence of  oper at i on t o i ncl ude 
convent i onal  cont r ol  oper at i ons ( e. g. ,  t emper at ur e 
and pr essur e cont r ol  l oops) ,  t i me cl ock oper at i ons,  
ener gy management  f unct i ons ( e. g. ,  ni ght  set back and 
r eset  schedul es) ,  pushbut t on over r i des,  saf et y 
devi ces,  and emer gency condi t i ons.

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

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.

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.

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL ( AMCA)

AMCA 500- D ( 2012)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE FUN I P ( 2017)  Fundament al s Handbook,  I - P Edi t i on

ASHRAE FUN SI ( 2017)  Fundament al s Handbook,  SI  Edi t i on
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ASME I NTERNATI ONAL ( ASME)

ASME B16. 1 ( 2015)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 15 ( 2013)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 18 ( 2018)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 22 ( 2013)  St andar d f or  Wr ought  Copper  and 
Copper  Al l oy Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2013)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B16. 34 ( 2017)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

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

ASME B31. 5 ( 2016)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

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

ASME BPVC ( 2010)  Boi l er  and Pr essur e Vessel s Code

ASTM I NTERNATI ONAL ( ASTM)

ASTM A126 ( 2004;  R 2014)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Val ves,  Fl anges,  
and Pi pe Fi t t i ngs

ASTM B32 ( 2008;  R 2014)  St andar d Speci f i cat i on f or  
Sol der  Met al

ASTM B75/ B75M ( 2011)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B88 ( 2016)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2018)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube ( Met r i c)

ASTM D1238 ( 2013)  Mel t  Fl ow Rat es of  Ther mopl ast i cs 
by Ext r usi on Pl ast omet er

ASTM D1693 ( 2015)  St andar d Test  Met hod f or  
Envi r onment al  St r ess- Cr acki ng of  Et hyl ene 
Plastics

ASTM D635 ( 2014)  St andar d Test  Met hod f or  Rat e of  
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Bur ni ng and/ or  Ext ent  and Ti me of  Bur ni ng 
of  Sel f - Suppor t i ng Pl ast i cs i n a 
Hor i zont al  Posi t i on

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D792 ( 2013)  Densi t y and Speci f i c  Gr avi t y 
( Rel at i ve Densi t y)  of  Pl ast i cs by 
Displacement

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2014)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA ST 1 ( 1988;  R 1994;  R 1997)  Speci al t y 
Tr ansf or mer s ( Except  Gener al  Pur pose Type)

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

NFPA 90A ( 2018)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
(SMACNA)

SMACNA 1780 ( 2002)  HVAC Syst ems -  Test i ng,  Adj ust i ng 
and Bal anci ng,  3r d Edi t i on

SMACNA 1966 ( 2005)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  3r d Edi t i on

U. S.  FEDERAL COMMUNI CATI ONS COMMI SSI ON ( FCC)

FCC Par t  15 Radi o Fr equency Devi ces ( 47 CFR 15)

UNDERWRI TERS LABORATORI ES ( UL)

UL 508 ( 2018)  UL St andar d f or  Saf et y I ndust r i al  
Cont r ol  Equi pment

UL 555S ( 2014;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Smoke Damper s

UL 916 ( 2007;  Repr i nt  Aug 2014)  St andar d f or  
Ener gy Management  Equi pment

1. 2   SUBCONTRACTOR SPECI AL REQUI REMENTS

Per f or m al l  wor k i n t hi s sect i on i n accor dance wi t h t he par agr aph 
SUBCONTRACTOR SPECI AL REQUI REMENTS i n Sect i on 01 30 00 ADMI NI STRATI VE 
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REQUI REMENTS.   The par agr aph speci f i es t hat  al l  cont r act  r equi r ement s of  
t hi s sect i on shal l  be accompl i shed di r ect l y by a f i r st  t i er  subcont r act or .   
No wor k r equi r ed shal l  be accompl i shed by a second t i er  subcont r act or .

1. 3   SYSTEM DESCRI PTI ON

Pr ovi de [ new and modi f y exi st i ng]  space t emper at ur e cont r ol  syst ems 
compl et e and r eady f or  oper at i on.

1. 4   SYSTEM REQUI REMENTS

**************************************************************************
NOTE:   I ndi cat e whi ch cont r ol  syst ems or  cont r ol  
devi ces must  be of  a par t i cul ar  t ype f or  r easons of  
saf et y,  cont r ol  accur acy,  or  ot her  t echni cal  r easons.

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

Pr ovi de cont r ol  syst ems composed of  any combi nat i on of  el ect r i c ,  anal og 
el ect r oni c or  pneumat i c devi ces.   I ndi cat ed cont r ol  syst em devi ces of  a 
par t i cul ar  t ype do not  i nt end a r equi r ement  f or  t he devi ce unl ess t he 
r equi r ement  i s  speci f i cal l y  i ndi cat ed.   Requi r ement s appl y t o f i el d 
i nst al l ed cont r ol  syst ems.

**************************************************************************
NOTE:   Regar di ng t he t ext  bel ow,  i ndi cat e t he 
manuf act ur er ' s name when t her e i s  an exi st i ng 
cont r ol  syst em.

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

[ Exi st i ng cont r ol  syst em was manuf act ur ed by [ _____] .   Pr ovi de new equi pment  
compat i bl e wi t h t he exi st i ng cont r ol  syst em t o t he ext ent  t hat  t he di r ect  
i nt er f ace uses t he same cont r ol  s i gnal  t ype and l evel  over  t he same 
cal i br at ed r ange as t he exi st i ng equi pment .

]
**************************************************************************

NOTE:   Regar di ng t he t ext  bel ow,  i ndi cat e por t i ons 
of  exi st i ng syst ems t hat  ar e t o be r eused.

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

[ I nspect  and t est  r eused por t i ons of  exi st i ng cont r ol  syst ems,  and f ur ni sh a 
r epor t  t o t he Gover nment  i dent i f y i ng al l  i noper at i ve component s or  syst em 
def i c i enci es.   The r epor t  shal l  i ncl ude a cost  est i mat e t o cor r ect  
def i c i enci es,  schedul ed need dat es f or  equi pment  shut down f or  r epai r s and 
connect i on t o exi st i ng cont r ol s and syst ems.   Pr oceed wi t h r epai r s onl y 
af t er  r ecei pt  of  Gover nment  appr oval .   Di agnose and r epor t  any mal f unct i ons 
of  exi st i ng cont r ol  syst em devi ce t hat  occur s af t er  t he wor k commences.   
The Gover nment  i s  r esponsi bl e f or  mai nt enance and r epai r  of  Gover nment  
equi pment .   The Cont r act or  shal l  be hel d r esponsi bl e f or  r epai r  cost s due 
t o Cont r act or  negl i gence or  abuse of  Gover nment  equi pment .

] 1. 5   CENTRALI ZED DI RECT DI GI TAL CONTROL ( DDC)  SYSTEMS

**************************************************************************
NOTE:   I f  DDC i s bei ng used,  use Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC i n l i eu of  t hi s 
section.

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

DDC syst ems ar e not  per mi t t ed.   Mi cr opr ocessor - based si ngl e- l oop 
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cont r ol l er s,  uni t ar y cont r ol  syst em,  var i abl e- ai r - vol ume ( VAV)  boxes,  and 
r oom t her most at s may be used pr ovi ded t hat  t he devi ces ar e manual l y  
conf i gur abl e by t he use of  devi ce f i r mwar e and r equi r e no sof t war e wr i t t en 
by t he Cont r act or  f or  t hei r  appl i cat i on and use.

1. 6   PERFORMANCE REQUI REMENTS

Pr ovi de cont r ol  syst ems t o mai nt ai n t he r equi r ed heat i ng,  vent i l at i ng,  and 
cool i ng ( HVAC)  condi t i ons by per f or mi ng t he f unct i ons and sequences of  
oper at i ons i ndi cat ed.   Cont r ol  syst ems shal l  be compl et e,  i ncl udi ng al l  
equi pment  and appur t enances,  and r eady f or  oper at i on.   Cont r ol  syst ems 
shal l  be f ur ni shed,  i nst al l ed,  t est ed,  cal i br at ed,  and st ar t ed up by,  or  
under  t he super v i s i on of  t r ai ned t echni c i ans cer t i f i ed by t he Cont r act or  as 
qual i f i ed and r egul ar l y empl oyed i n such wor k.   Cont r ol  syst em equi pment ,  
val ves,  panel s and damper s shal l  bear  t he manuf act ur er ' s namepl at e.

1. 7   DESI GN REQUI REMENTS

1. 7. 1   Cont r ol  Syst em Di agr ams

For  each syst em,  i ndi cat e HVAC pr ocess f l ow and l ocat i on of  devi ces 
r el at i ve t o f l ow and t o t he HVAC cont r ol  panel ,  t he connect i ons of  cont r ol  
devi ces i n cont r ol  l oops,  r ef er ences of  cont r ol  devi ce cont act s and devi ce 
oper at i ng coi l s t o l i ne number s of  a l adder  di agr am and sequenci ng di agr ams 
showi ng t he oper at i on of  val ves,  damper s,  and cont act s r el at i ve t o 
cont r ol l er  out put ,  and HVAC pr ocess var i abl es.

1. 7. 2   Ladder  Di agr am

I ndi cat e connect i ons and i nt er l ocks t o cont r ol  syst em devi ces and ot her  
devi ces such as st ar t er s,  dr i ves,  HVAC cont r ol  syst em panel s,  and HVAC 
equi pment  panel s.   Di agr am shal l  be coor di nat ed by l i ne number  and devi ce 
number  wi t h each cont r ol  syst em di agr am.

1. 7. 3   Oper at i ng Par amet er s

I ndi cat e oper at i ng par amet er s f or  devi ces shown on t he cont r ol  syst em 
di agr am such as set poi nt s,  r anges,  l i mi t s,  di f f er ent i al s,  out s i de ai r  
t emper at ur e schedul es,  cont act  oper at i ng poi nt s,  and HVAC equi pment  
oper at i ng t i me schedul es.

1. 7. 4   Aut omat i c Cont r ol  Val ve Schedul es

I ndi cat e val ve s i ze,  Cv,  f l ow r at e,  pr essur e dr op,  t op s i ze,  spr i ng r ange,  
posi t i oner  r ange,  oper at i ng s i gnal  char act er i st i cs,  and power  sour ce.

1. 7. 5   Damper  Schedul es

I ndi cat e damper  s i zes,  quant i t i es and si zes of  act uat or s,  spr i ng r anges,  
posi t i oner  r anges,  oper at i ng s i gnal  char act er i st i cs,  and power  sour ce.

1. 7. 6   Wi r i ng Di agr am

I ndi cat e t er mi nal  bl ocks,  wi r e mar ker  i dent i f i cat i on,  connect i ons t o 
cont r ol  syst em devi ces,  ext er nal  and i nt er nal  power  sour ces,  and 
connect i ons t o ext er nal  devi ces,  st ar t er s,  dr i ves,  cont r ol  panel s,  j umper s,  
and gr ound connect i ons.
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1. 7. 7   Compr essed Ai r  St at i on Schemat i c

I ndi cat e compr essor s,  mot or s and hor sepower  r at i ng,  vol t age,  st ar t er ,  
i sol at or s,  manual  bypasses,  t ubi ng s i zes,  dr ai n pi pi ng and dr ai n t r aps,  
r educi ng val ves,  dr yer ,  manuf act ur er s '  names and model  number s,  mount i ng,  
access,  and cl ear ance r equi r ement s.   Al so i ncl ude cont r ol  panel  schemat i cs 
f or  pneumat i c cont r ol .

1. 7. 8   Sequence of  Oper at i on

Sequence of  oper at i on f or  each HVAC cont r ol  syst em coor di nat ed wi t h devi ce 
i dent i f i er s on cont r ol  syst em di agr am and l adder  di agr am.

1. 7. 9   Ar r angement  Dr awi ng

Ar r angement  di agr am of  each HVAC cont r ol  syst em panel  coor di nat ed wi t h 
devi ce i dent i f i er s on t he cont r ol  syst em di agr am and t he l adder  di agr am.

1. 8   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 
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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  
appr oval . ] [ f or  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

Cont r ol  Syst em Di agr ams f or  each HVAC syst em;  G[ ,  [ _____] ]

Ladder  Di agr am;  G[ ,  [ _____] ]

Oper at i ng Par amet er s;  G[ ,  [ _____] ]

Aut omat i c Cont r ol  Val ve Schedul es;  G[ ,  [ _____] ]

Damper  Schedul es;  G[ ,  [ _____] ]

Sequence of  Oper at i on;  G[ ,  [ _____] ]

Ar r angement  Dr awi ng;  G[ ,  [ _____] ]

Wi r i ng Di agr am;  G[ ,  [ _____] ]

Compr essed Ai r  St at i on Schemat i c;  G[ ,  [ _____] ]

Cont r ol  Panel  Schemat i cs f or  pneumat i c cont r ol ;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Act uat or s;  G[ ,  [ _____] ]

Val ves;  G[ ,  [ _____] ]

Damper s;  G[ ,  [ _____] ]

Fi r e Pr ot ect i on Devi ces;  G[ ,  [ _____] ]

Sensor s;  G[ ,  [ _____] ]

Ther most at s;  G[ ,  [ _____] ]

Sunshi el ds;  G[ ,  [ _____] ]

Pr essur e Swi t ches;  G[ ,  [ _____] ]

I ndi cat i ng Devi ces;  G[ ,  [ _____] ]

Cont r ol l er s;  G[ ,  [ _____] ]

Pr essur e Gages;  G[ ,  [ _____] ]

Cont r ol  Panel s;  G[ ,  [ _____] ]
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Ai r  Compr essor ;  G[ ,  [ _____] ]

Ref r i ger at ed Ai r  Dr yer ;  G[ ,  [ _____] ]

Ai r  Fi l t r at i on Syst em;  G[ ,  [ _____] ]

Compr essed Ai r  St at i on Speci al t i es;  G[ ,  [ _____] ]

VAV Ter mi nal  Uni t  Cont r ol s;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Commi ssi oni ng Pr ocedur es;  G[ ,  [ _____] ]

Cal i br at i on Adj ust ment  And Commi ssi oni ng Repor t s;  G[ ,  [ _____] ]

Si t e Test i ng Pr ocedur es I dent i f y i ng Each I t em Test ed and 
Descr i bi ng Each Test ;  G[ ,  [ _____] ]

Per f or mance Ver i f i cat i on Test  pl ans and pr ocedur es;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Cer t i f i cat i on of  Compl et i on;  G[ ,  [ _____] ]

SD- 08 Manuf act ur er ' s I nst r uct i ons

Tr ai ni ng Cour se Document at i on;  G[ ,  [ _____] ]

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

Space Temper at ur e Cont r ol  Syst em,  Dat a Package 3;  G[ ,  [ _____] ]

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

SD- 11 Cl oseout  Submi t t al s

Qual i f i ed Ser vi ce Or gani zat i on Li st ;  G[ ,  [ _____] ]

1. 9   QUALI TY ASSURANCE

1. 9. 1   St andar d Pr oduct s

a.   Mat er i al  and equi pment  shal l  be st andar d pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  usi ng 
s i mi l ar  mat er i al s,  desi gn and wor kmanshi p.   The st andar d pr oduct s 
shal l  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 
year s pr i or  t o bi d openi ng.   The 2- year  use shal l  i ncl ude 
appl i cat i ons of  s i mi l ar l y s i zed equi pment  and mat er i al s used under  
s i mi l ar  c i r cumst ances.

    The 2 year s exper i ence must  be sat i sf act or i l y  compl et ed by a 
pr oduct  whi ch has been sol d or  i s  of f er ed f or  sal e on t he 
commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  
or  br ochur es.   Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce 
r ecor d wi l l  be accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y 
f i el d oper at i on,  f or  not  l ess t han 6000 hour s excl usi ve of  t he 
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manuf act ur er ' s f act or y t est s,  can be shown.

b.   The equi pment  i t ems shal l  be suppor t ed by a ser vi ce or gani zat i on.

1. 9. 2   Namepl at es and Tags

a.   Pr ovi de namepl at es bear i ng l egends as shown and t ags bear i ng 
devi ce uni que i dent i f i er s as shown shal l  have engr aved or  st amped 
char act er s.  Namepl at es shal l  be mechani cal l y at t ached t o HVAC 
cont r ol  panel  door s.

b.   A pl ast i c or  met al  t ag shal l  be mechani cal l y at t ached di r ect l y t o 
each f i el d- mount ed devi ce or  at t ached by a met al  chai n or  wi r e.

c.   Each ai r f l ow measur ement  st at i on shal l  have a t ag showi ng f l ow 
r at e r ange f or  s i gnal  out put  r ange,  duct  s i ze,  and devi ce 
i dent i f i er  wher e shown.

1. 9. 3   Ver i f i cat i on of  Di mensi ons

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

1. 9. 4   Modi f i cat i on of  Ref er ences

Accompl i sh wor k i n accor dance wi t h ASME B31. 1, ASME B31. 5, NFPA 70,  and 
NFPA 90A,  except  as modi f i ed her ei n or  i ndi cat ed ot her wi se f or  equi pment ,  
mat er i al s,  i nst al l at i on,  exami nat i on,  i nspect i on,  and t est i ng.   Consi der  
t he advi sor y or  r ecommended pr ovi s i ons t o be mandat or y,  as t hough t he wor d 
" shal l "  had be subst i t ut ed f or  t he wor ds " shoul d"  or  " coul d"  or  " may, "  
wher ever  t hey appear .   I nt er pr et  r ef er ence t o " aut hor i t y havi ng 
j ur i sdi ct i on"  and " owner "  t o mean t he Cont r act i ng Of f i cer .

1. 9. 5   Si t e Test i ng Pr ocedur es

I ndi cat e t est  equi pment  t o be used i ncl udi ng manuf act ur er s '  names and model  
number s,  dat e of  l ast  cal i br at i on,  and accur acy of  cal i br at i on.

1. 9. 6   Commi ssi oni ng Pr ocedur es

Def i ne pr ocedur es speci f i c  t o each cont r ol  syst em i ncl udi ng i nst r uct i ons on 
how t o set  cont r ol  par amet er s and set poi nt s,  pr opor t i onal ,  i nt egr al  and 
der i vat i ve mode const ant s,  cont act  out put  set t i ngs,  posi t i oner  r ange 
adj ust ment s,  and cal i br at i on checks of  t r ansmi t t er s

1. 9. 7   Cal i br at i on Adj ust ment  and Commi ssi oni ng Repor t s

Submi t  speci f i c  t o each HVAC cont r ol  syst em,  i ncl udi ng set t i ngs adj ust ment s 
and r esul t s of  cal i br at i on checks

1. 9. 8   Space Temper at ur e Cont r ol  Syst em

I n addi t i on t o t he r equi r ement s speci f i ed i n t he par agr aph SUBMI TTALS,  meet  
t he f ol l owi ng r equi r ement s.   Submi t  Oper at i on and Mai nt enance Manual s f or  
i t ems of  equi pment  l i s t ed under  par agr aph PRODUCT DATA.   Manual  shal l  
cont ai n f ul l  har dwar e suppor t  document at i on,  whi ch shal l  i ncl ude but  not  be 
l i mi t ed t o t he f ol l owi ng:
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a.   Gener al  descr i pt i on and speci f i cat i ons

b.   I nst al l at i on and i ni t i al  checkout  pr ocedur es

c.   Det ai l ed el ect r i cal  and l ogi cal  descr i pt i on

d.   Tr oubl eshoot i ng pr ocedur es,  di agr ams,  and gui del i nes

e.   Al i gnment  and cal i br at i on pr ocedur es f or  component s

f .   Pr event i ve mai nt enance r equi r ement s and a mai nt enance checkl i st

g.   Det ai l ed schemat i cs and assembl y dr awi ngs

h.   Spar e par t s l i s t  dat a,  i ncl udi ng r equi r ed t ool  k i t s and suggest ed 
met hod of  r epai r s such as f i el d r epai r ,  f act or y r epai r ,  or  i t em 
replacement

i .   Si gnal  i dent i f i cat i on and t i mi ng di agr ams

j .   Compl et e as- bui l t  cont r ol  dr awi ngs,  schedul es,  and sequence of  
operation

k.   Cont r ol l er  conf i gur at i on and par amet er  set t i ng pr ocedur es

l .   St ep- by- st ep pr ocedur es r equi r ed f or  each HVAC cont r ol  syst ems 
st ar t up,  oper at i on,  shut down,  r ecover y,  and f aul t  di agnosi s

m.   Manuf act ur er  suppl i ed oper at or  manual s f or  equi pment

n.   Qual i f i ed ser vi ce or gani zat i on l i s t

PART 2   PRODUCTS

**************************************************************************
NOTE:   I n or der  t o compl y wi t h UFC 1- 200- 02,  desi gns 
must  achi eve ener gy consumpt i on l evel s t hat  ar e at  
l east  30 per cent  bel ow t he basel i ne est abl i shed i n 
t he 2010 publ i cat i on of  ASHRAE 90. 1.   The Desi gner  
of  Recor d must  desi gn cont r ol  syst ems t hat  assi st  i n 
achi evi ng t hi s r equi r ement .

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

2. 1   COMPONENTS

**************************************************************************
NOTE:   I ndi cat e cont r ol  devi ces t hat  must  be i n 
encl osur es wi t h mor e st r i ngent  r equi r ement s t han 
t hat  cover ed by NEMA 250 Type 1 and st at e t he 
requirements.

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

Pr ovi de component s f act or y or der ed f or  t hi s pr oj ect .   Rebui l t  equi pment ,  
war ehoused equi pment ,  or  ear l i er  gener at i on equi pment  shal l  not  be 
accept abl e.   El ect r i cal ,  el ect r oni c,  and el ect r opneumat i c devi ces not  
l ocat ed wi t hi n cont r ol  panel s shal l  have a NEMA 250 Type 1 encl osur e i n 
accor dance wi t h NEMA 250 unl ess ot her wi se speci f i ed.   Act uat or s and 
posi t i ve posi t i oner s,  and t r ansmi t t er s shal l  oper at e wi t hi n t emper at ur e 
l i mi t  r at i ngs of  pl us 2 t o 66 degr ees C 35 t o 150 degr ees F.   Panel  mount ed 
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i nst r ument s shal l  oper at e wi t hi n l i mi t  r at i ngs of  2 t o 49 degr ees C 35 t o 
120 degr ees F and 10 per cent  t o 95 per cent  r el at i ve humi di t y,  
noncondensi ng.   Devi ces i nst al l ed out door s shal l  oper at e wi t hi n l i mi t  
r at i ngs of  mi nus 2 t o 66 degr ees C 35 t o 150 degr ees F.

2. 2   ACTUATORS

Pr ovi de pneumat i c,  el ect r i c ,  or  el ect r oni c act uat or s.   Act uat or s shal l  
f unct i on as r equi r ed wi t hi n 85 t o 110 per cent  of  t hei r  power  suppl y r at i ng.  
Act uat or s shal l  f ai l  t o t hei r  spr i ng r et ur n posi t i ons on s i gnal  or  power  
f ai l ur e unl ess i ndi cat ed as t i med,  power  r et ur n act uat or s.   Act uat or s shal l  
have v i s i bl e posi t i on i ndi cat or s.   Wher e act uat or s do not  have posi t i ve 
spr i ng r et ur ns f or  f ai l - saf e oper at i on,  pr ovi de capaci t y t anks,  
r est r i c t or s,  check val ves,  and r el ays,  or  r eser ve power  as r equi r ed t o 
achi eve pr oper  t i med posi t i oni ng f or  up t o 4 mi nut es af t er  pr i mar y power  
f ai l ur e.   Act uat or s shal l  open or  c l ose t he devi ces t o whi ch t hey ar e 
appl i ed wi t hi n 60 seconds af t er  a f ul l  scal e s i gnal  i nput  change.   
Pneumat i c act uat or s shal l  be r at ed f or  172 kPa ( gage)  25 psi g oper at i ng 
pr essur e except  f or  hi gh pr essur e cyl i nder  t ype act uat or s.

2. 2. 1   Damper  Act uat or s

Damper  act uat or s shal l  be r at ed f or  at  l east  125 per cent  of  t he mot i ve 
power  necessar y t o oper at e t he connect ed damper .   The act uat or  st r oke shal l  
be l i mi t ed by an adj ust abl e st op i n t he di r ect i on of  t he r et ur n st r oke.   
Act uat or s shal l  be pr ovi ded wi t h mount i ng and connect i ng har dwar e.

2. 2. 2   Val ve Act uat or s

Val ve act uat or s shal l  be r at ed f or  at  l east  125 per cent  of  t he mot i ve power  
necessar y t o oper at e t he val ves over  t hei r  f ul l  r ange of  oper at i on agai nst  
t he t ot al  and di f f er ent i al  pr essur es.

2. 2. 3   Posi t i ve Posi t i oner s

Posi t i ve posi t i oner s shal l  be pneumat i c r el ays wi t h mechani cal  f eedback 
mechani sms,  adj ust abl e oper at i ng r anges,  and st ar t i ng poi nt s.

2. 3   AUTOMATI C CONTROL VALVES

Pr ovi de aut omat i c cont r ol  val ves.

**************************************************************************
NOTE:   Avoi d sel ect i on of  over si zed cont r ol  
val ves.    Sel ect  val ve Cv so t hat  maxi mum pr essur e 
dr ops ar e used wi t hi n const r ai nt s of  avai l abl e 
pr essur es,  pi pe vel oci t i es,  economy of  desi gn,  and 
noi se cr i t er i a.    Sel ect  st eam val ves usi ng cr i t i cal  
pr essur e dr op ( . 45 of  absol ut e pr essur e)  wher e 
avai l abl e,  and sel ect  connect ed equi pment  usi ng 
r esul t ant  pr essur e on downst r eam si de of  val ve.   
Li st  cal cul at ed Cv and f l ow r at e i n schedul es ( not  
manuf act ur er ' s l i s t ed Cv)  t o al l ow bi dder s t o 
per sonal l y sel ect  val ves.

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

2. 3. 1   Val ve Assembl y

Val ves shal l  have st ai nl ess st eel  st ems and st uf f i ng boxes wi t h ext ended 

SECTI ON 23 09 53. 00 20  Page 17



necks t o c l ear  t he pi pi ng i nsul at i on.   Val ve bodi es shal l  be desi gned f or  
not  l ess t han 862 kPa ( gage)  125 psi g wor ki ng pr essur e or  150 per cent  of  
t he syst em oper at i ng pr essur e,  whi chever  i s  gr eat er .   Maxi mum r at ed shut of f  
pr essur e of  t he val ve shal l  exceed t he r at ed deadhead pr essur e of  t he pump 
t hat  suppl i es i t .   Val ve l eakage r at i ng shal l  be 0. 01 per cent  of  r at ed Cv 
f or  sof t - seat ed val ves and 0. 05 per cent  f or  met al - t o- met al  seat ed val ves.   
Cl ass 125 copper  al l oy val ve bodi es and Cl ass 150 st eel  or  st ai nl ess st eel  
val ves shal l  conf or m t o ASME B16. 5 as a mi ni mum.   Component s of  cast  i r on 
val ves shal l  conf or m t o ASTM A126 Cl ass B or  C as a mi ni mum.

2. 3. 2   But t er f l y  Val ve Assembl y

But t er f l y  val ves shal l  be t hr eaded l ug t ype sui t abl e f or  dead- end ser vi ce,  
and f or  modul at i on t o t he f ul l y  c l osed posi t i on,  wi t h car bon st eel  bodi es 
or  cast  i r on Cl ass 125 and noncor r osi ve di scs,  st ai nl ess st eel  shaf t s 
suppor t ed by bear i ngs,  and EPDM seat s sui t abl e f or  t emper at ur es f r om mi nus 
29 degr ees t o pl us 121 degr ees C. 20 degr ees t o pl us 250 degr ees F.   Val ves 
shal l  have a manual  means of  oper at i on i ndependent  of  t he act uat or .

2. 3. 3   Two- Way Val ves

Two- way modul at i ng val ves shal l  have equal  per cent age char act er i st i cs.

2. 3. 4   Thr ee- Way Val ves

Thr ee- way val ves shal l  pr ovi de const ant  t ot al  f l ow t hr oughout  f ul l  pl ug 
travel.

2. 3. 5   Duct - Coi l  and Ter mi nal - Uni t - Coi l  Val ves

Cont r ol  val ves wi t h ei t her  f l ar e- t ype or  sol der - t ype ends shal l  be pr ovi ded 
f or  duct  or  t er mi nal - uni t  coi l s .   Fl ar e nut s shal l  be pr ovi ded f or  each 
f l ar e- t ype end val ve.

2. 3. 6   Val ves f or  Chi l l ed Wat er ,  Condenser  Wat er ,  and Gl ycol  Ser vi ce

ASME B16. 1.   Bodi es f or  val ves 50 mm 2 i nches and smal l er  shal l  be br ass or  
br onze,  wi t h t hr eaded- end or  uni on- end connect i ons.    Bodi es f or  val ves f r om
 65 mm 2. 5 i nches and l ar ger  shal l  be cast  i r on.   Bodi es f or  val ves 65 mm 
2. 5 i nches and l ar ger  shal l  have f l anged- end connect i ons.   I nt er nal  val ve 
t r i m shal l  be br ass or  br onze except  t hat  val ve st ems may be Type 316 
st ai nl ess st eel .   Wat er  val ves shal l  be s i zed f or  a [ 21 kPa]  [ 3 psi ]  
[ _____]  di f f er ent i al  t hr ough t he val ve at  r at ed f l ow,  except  as i ndi cat ed 
ot her wi se.   Sel ect  val ve f l ow coef f i c i ent  ( Cv)  f or  an act ual  pr essur e dr op 
not  l ess t han 50 per cent  or  gr eat er  t han 125 per cent  of  t he desi gn pr essur e 
dr op at  desi gn f l ow.    Val ves 100 mm 4 i nches and l ar ger  shal l  be but t er f l y  
valves.

2. 3. 7   Val ves f or  Hot  Wat er  Ser vi ce

Val ves f or  hot  wat er  ser vi ce bel ow 121 degr ees C 250 Degr ees F shal l  
conf or m t o ASME B16. 1.   Bodi es f or  val ves 50 mm 2 i nches and smal l er  shal l  
be br ass or  br onze,  wi t h t hr eaded- end or  uni on- end connect i ons.   Bodi es f or  
val ves 65 mm 2. 5 i nches and l ar ger  shal l  be cast  i r on.   Bodi es f or  65 mm 
2. 5 i nches and l ar ger  shal l  have f l anged- end connect i ons.   Wat er  val ves 
shal l  be s i zed f or  a [ 21 kPa]  [ 3 psi ]  [ _____]  di f f er ent i al  t hr ough t he 
val ve at  r at ed f l ow,  except  as i ndi cat ed ot her wi se.   Sel ect  val ve f l ow 
coef f i c i ent  ( Cv)  f or  an act ual  pr essur e dr op not  l ess t han 50 per cent  or  
gr eat er  t han 125 per cent  of  t he desi gn pr essur e dr op at  desi gn f l ow.   
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I nt er nal  t r i m,  i ncl udi ng seat s,  seat  r i ngs,  modul at i ng pl ugs,  and spr i ngs,  
of  val ves cont r ol l i ng wat er  hot t er  t han 99 degr ees C 210 degr ees F shal l  be 
Type 316 st ai nl ess st eel .   I nt er nal  t r i m f or  val ves cont r ol l i ng wat er  99 
degr ees C 210 degr ees F or  l ess shal l  be br ass or  br onze.   Non- met al l i c  
par t s of  hot  wat er  cont r ol  val ves shal l  be sui t abl e f or  a mi ni mum 
cont i nuous oper at i ng t emper at ur e of  121 degr ees C or  10 degr ees C 250 
degr ees F or  50 degr ees F above t he syst em desi gn t emper at ur e,  whi chever  i s  
hi gher .   Val ves 100 mm 4 i nches and l ar ger  shal l  be but t er f l y  val ves.

2. 3. 8   Val ves f or  St eam Ser vi ce

ASME B16. 1.   Bodi es f or  val ves 40 mm 1. 5 i nches and smal l er  shal l  be br ass 
or  br onze,  wi t h t hr eaded or  uni on ends.   Bodi es f or  val ves 50 t o 80 mm 2 t o 
3 i nches i ncl usi ve shal l  be br ass,  br onze,  or  cast  i r on.   Bodi es f or  val ves 
100 mm 4 i nches and l ar ger  shal l  be cast  i r on.   Bodi es f or  50 mm 2 i nch 
val ves shal l  have t hr eaded ends.   Bodi es f or  val ves 65 mm 2. 5 i nches and 
l ar ger  shal l  be pr ovi ded wi t h f l anged- end connect i ons.   I nt er nal  val ve t r i m 
shal l  be Type 316 st ai nl ess st eel .   St eam val ves shal l  be s i zed f or  [ 103 
kPa ( gage) ]  [ 15 psi g]  [ _____]  i nl et  st eam pr essur e wi t h a maxi mum [ 90 kPa]  
[ 13 psi ]  [ _____]  di f f er ent i al  t hr ough t he val ve at  r at ed f l ow,  except  as 
i ndi cat ed ot her wi se.

2. 3. 9   Val ves f or  Hi gh Temper at ur e Hot  Wat er  Ser vi ce

Val ves f or  hi gh t emper at ur e hot  wat er  ser vi ce above 121 degr ees C 250 
degr ees F.   Val ve bodi es shal l  conf or m t o ASME B16. 34 Cl ass 300.   Val ve and 
act uat or  combi nat i on shal l  be nor mal l y c l osed.   Bodi es shal l  be car bon 
st eel ,  gl obe t ype wi t h wel ded ends on val ves 25 mm one i nch and l ar ger .   
Val ves smal l er  t han 25 mm one i nch shal l  have socket - wel d ends.   Packi ng 
shal l  be v i r gi n pol yt et r af l uor oet hyl ene ( PTFE) .   I nt er nal  val ve t r i m shal l  
be Type 316 st ai nl ess st eel .   Wat er  val ves shal l  be s i zed f or  a [ 21 kPa]  [ 3 
psi ]  [ _____]  di f f er ent i al  pr essur e t hr ough t he val ve at  r at ed f l ow,  except  
as i ndi cat ed ot her wi se.   Sel ect  val ve f l ow coef f i c i ent  ( Cv)  f or  an act ual  
pr essur e dr op not  l ess t han 50 per cent  or  gr eat er  t han 125 per cent  of  t he 
desi gn pr essur e dr op at  desi gn f l ow.

2. 3. 10   Val ves f or  Compr essed Ai r  Ser vi ce

Val ves used f or  swi t chi ng compr essed ai r  suppl i ed t o pneumat i c syst ems 
shal l  be br ass body,  t hr ee- way val ves whi ch shal l  conf or m t o ASME B16. 15 
Cl ass 250.

2. 4   DAMPERS

Pr ovi de damper s i n ai r  duct s.

**************************************************************************
NOTE:   Use par al l el  bl ade damper s f or  mi xi ng boxes 
and wher e t wo- posi t i on cont r ol  i s  r equi r ed.   Use 
opposed bl ade damper s f or  modul at i ng appl i cat i ons 
f or  f ace and bypass cont r ol .

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

2. 4. 1   Damper  Assembl y

Damper  shal l  conf or m t o SMACNA 1966.   A s i ngl e damper  sect i on shal l  have 
bl ades no l onger  t han 1219 mm 48 i nches and shal l  be no hi gher  t han 1829 mm 
72 i nches.   Maxi mum damper  bl ade wi dt h shal l  be 200 mm 8 i nches.   Lar ger  
s i zes shal l  consi st  of  a combi nat i on of  sect i ons.   Damper s shal l  be st eel  
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or  ot her  mat er i al s wher e i ndi cat ed.   Fl at  bl ades shal l  be made r i gi d by 
f ol di ng t he edges.   Pr ovi de bl ades wi t h compr essi bl e seal s at  poi nt s of  
cont act .   Pr ovi de channel  f r ames of  damper s wi t h j amb seal s t o mi ni mi ze ai r  
l eakage.   Damper s shal l  not  l eak i n excess of  51 L/ s per  squar e met er  10 
cf m per  squar e f oot  at  996 Pa 4 i nches wat er  gage st at i c pr essur e when 
cl osed.   Seal s shal l  be sui t abl e f or  an oper at i ng t emper at ur e r ange of  mi nus
 40 degr ees C t o 93 degr ees C 40 degr ees F t o 200 degr ees F.   Damper s shal l  
be r at ed at  not  l ess t han 10 m/ s 2000 f pm ai r  vel oci t y.   Movi ng par t s of  
t he oper at i ng l i nkage i n cont act  wi t h each ot her  shal l  consi st  of  
di ssi mi l ar  mat er i al s.   Damper  axl es shal l  be 13 mm 0. 5 i nch mi ni mum pl at ed 
st eel  r ods suppor t ed i n t he damper  f r ame by st ai nl ess st eel  or  br onze 
bear i ngs.   Bl ades mount ed ver t i cal l y  shal l  be suppor t ed by a non- f er r ous 
di ssi mi l ar  t hr ust  bear i ngs.    Pr essur e dr op t hr ough damper s shal l  not  exceed
 12 Pa 0. 05 i nch wat er  gage at  5 m/ s 1, 000 f pm i n t he wi de- open posi t i on.   
Fr ames shal l  not  be l ess t han 51 mm 2 i nches wi de.   Damper s shal l  be t est ed 
i n accor dance wi t h AMCA 500- D.

2. 4. 2   Oper at i ng Li nks

Oper at i ng l i nks ext er nal  t o damper s,  such as cr ankar ms,  connect i ng r ods,  
and l i ne shaf t i ng f or  t r ansmi t t i ng mot i on f r om damper  act uat or s t o damper s,  
shal l  wi t hst and a l oad equal  t o at  l east  t wi ce t he maxi mum r equi r ed 
damper - oper at i ng f or ce.   Rod l engt hs shal l  be adj ust abl e.   Li nks shal l  be 
br ass,  br onze,  z i nc- coat ed st eel ,  or  st ai nl ess st eel .   Mat i ng par t s shal l  
consi st  of  di ssi mi l ar  mat er i al s.   Wor ki ng par t s of  j oi nt s and cl evi ses 
shal l  be br ass,  br onze,  or  st ai nl ess st eel .   Adj ust ment s of  cr ankar ms shal l  
cont r ol  t he open and cl osed posi t i on of  damper s.

2. 5   FI RE PROTECTI ON DEVI CES

Pr ovi de smoke det ect or s i n r et ur n and suppl y ai r  duct s on t he downst r eam 
si de of  t he f i l t er s i n accor dance wi t h NFPA 90A,  except  as ot her wi se 
i ndi cat ed.   Pr ovi de UL l i s t ed or  FM appr oved det ect or s f or  duct  
installation.

2. 5. 1   Smoke Det ect or s

**************************************************************************
NOTE:   Choose one of  t he f ol l owi ng opt i ons.

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

**************************************************************************
NOTE:   Regar di ng t he t ext  bel ow,  use t hi s par agr aph 
i f  pr oj ect  has Sect i on 28 31 74. 00 20 I NTERI OR FI RE 
DETECTI ON AND ALARM SYSTEM.

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

[ Pr ovi de i n each ai r - handl i ng syst em wi t h suppl y ai r  capaci t y gr eat er  t han 
944 L/ s 2000 cf m i n accor dance wi t h NFPA 90A.  Locat e downst r eam of  t he 
suppl y ai r  f i l t er s and pr i or  t o any br anch connect i on i n accor dance wi t h 
NFPA 72.  Pr ovi de i n each ai r - handl i ng syst em,  ser v i ng mor e t han one st or y,  
and havi ng a r et ur n ai r  capaci t y gr eat er  t han 7079 L/ s 15000 cf m i n 
accor dance wi t h NFPA 90A.  Locat e at  each st or y pr i or  t o connect i on t o 
common r et ur n and at  r et ur n connect i on t o ai r  handl er  pr i or  t o any f r esh 
ai r  i nl et  connect i on and pr i or  t o any r eci r cul at i on connect i on i n 
accor dance wi t h NFPA 72.   Smoke cont r ol  and exhaust  syst ems shal l  have 
pr ovi s i on f or  aut omat i c and manual  oper at i on by means of  a key- oper at ed 
swi t ch t o over r i de any ot her  shut down f eat ur es and shal l  be l ocat ed 
[ adj acent  t o t he f i r e al ar m syst em cont r ol  panel ]  [ as i ndi cat ed] .
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]
**************************************************************************

NOTE:   Regar di ng t he t ext  bel ow:   Use t hi s par agr aph 
i f  bui l di ng has an exi st i ng f i r e evacuat i on al ar m 
syst em.   For  connect i on t o exi st i ng syst em,  desi gner  
must  det er mi ne i f  t he exi st i ng f i r e al ar m cont r ol  
panel  i s  compat i bl e wi t h smoke det ect or s and has 
spar e zone capaci t y.   Edi t  accor di ngl y.   When i n 
doubt  l eave choi ce of  connect i on t o f i r e al ar m panel  
or  a separ at e cont r ol  uni t  i n par agr aph.   For  some 
ant i quat ed al ar m syst ems,  i t  may be necessar y t o 
r epl ace t he cont r ol  panel  i n whi ch case Sect i on 
28 31 74. 00 20,  I NTERI OR FI RE DETECTI ON AND ALARM 
SYSTEM must  be i ncl uded i n pr oj ect  and t he f i r st  
opt i on shoul d be used.

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

[ Pr ovi de i n each ai r - handl i ng syst em wi t h suppl y ai r  capaci t y gr eat er  t han 
944 L/ s 2000 cf m i n accor dance wi t h NFPA 90A.  Locat e downst r eam of  t he 
suppl y ai r  f i l t er s and pr i or  t o any br anch connect i on i n accor dance wi t h 
NFPA 72.

Pr ovi de i n each ai r - handl i ng syst em,  ser vi ng mor e t han one st or y,  and 
havi ng a r et ur n ai r  capaci t y gr eat er  t han 7079 L/ s 15000 cf m i n accor dance 
wi t h NFPA 90A.  Locat e at  each st or y pr i or  t o connect i on t o common r et ur n 
and at  r et ur n connect i on t o ai r  handl er  pr i or  t o any f r esh ai r  i nl et  
connect i on and pr i or  t o any r eci r cul at i on connect i on i n accor dance wi t h 
NFPA 72.   Desi gn f or  det ect i on of  abnor mal  smoke densi t i es by t he 
[ i oni zat i on]  [ or ]  phot oel ect r i c  pr i nci pl e,  r esponsi ve t o bot h i nvi s i bl e and 
vi s i bl e par t i c l es of  combust i on,  and not  suscept i bl e t o undesi r ed oper at i on 
by changes t o r el at i ve humi di t y.  

Pr ovi de UL l i s t ed or  FM appr oved det ect or s f or  duct  i nst al l at i on.  Pr ovi de 
duct  det ect or s wi t h an appr oved duct  housi ng,  mount ed ext er i or  t o t he duct ,  
and wi t h per f or at ed sampl i ng t ubes ext endi ng acr oss t he wi dt h of  t he duct .  
Pr ovi de per manent  descr i pt i ve zone l abel s i ndi cat i ng i n whi ch ai r - handl i ng 
uni t s t he det ect or s i n al ar m ar e l ocat ed.

Pr ovi de det ect or s wi t h a t est  por t  [ ,  t est  swi t ch]  [ and]  [ or ]  [ ,  r emot e 
keyed t est  devi ce] .  Pr ovi de cont r ol  and power  modul es r equi r ed f or  
oper at i on of  det ect or s [ i n t hei r  own cont r ol  uni t ]  [ or ]  [ i nt egr al  wi t h t he 
mai n bui l di ng f i r e al ar m cont r ol  panel ] .  A gr ound f aul t  or  s i ngl e br eak or  
open condi t i on i n el ect r i cal  c i r cui t r y t o any det ect or  or  i t s  cont r ol  or  
power  uni t s shal l  cause act i vat i on of  bui l di ng f i r e al ar m cont r ol  panel  
t r oubl e s i gnal s.

El ect r i cal  super vi s i on of  wi r i ng used excl usi vel y f or  ai r - handl i ng uni t  
shut down i s not  r equi r ed pr ovi ded a br eak i n wi r i ng woul d cause shut down of  
t he associ at ed uni t .  Equi pment  and devi ces shal l  be compat i bl e and oper abl e 
i n al l  r espect s wi t h,  and shal l  i n no way i mpai r  r el i abi l i t y  or  oper at i onal  
f unct i ons of ,  t he exi st i ng bui l di ng f i r e al ar m syst em.  The exi st i ng f i r e 
al ar m cont r ol  panel  was manuf act ur ed by [ _____] .

Smoke cont r ol  and exhaust  syst ems shal l  have pr ovi s i ons f or  [ aut omat i c and]  
manual  oper at i on by means of  a key- oper at ed swi t ch t o over r i de any ot her  
shut down f eat ur es and shal l  be l ocat ed [ adj acent  t o t he f i r e al ar m syst em 
cont r ol  panel ]  [ as i ndi cat ed] .

]
**************************************************************************
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NOTE:   Regar di ng t he t ext  bel ow:   Use t hi s par agr aph 
onl y wi t h speci f i c  appr oval  of  t he Engi neer i ng Fi el d 
Di v i s i on Fi r e Pr ot ect i on Engi neer .   Appr oval  wi l l  
nor mal l y be gr ant ed onl y i f  t he bui l di ng has no f i r e 
al ar m syst em and none i s r equi r ed.   When i n doubt ,  
cont act  t he Fi r e Pr ot ect i on Engi neer .

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

[ Pr ovi de i n each ai r - handl i ng syst em wi t h suppl y ai r  capaci t y gr eat er  t han 
944 L/ s 2000 cf m i n accor dance wi t h NFPA 90A.  Locat e downst r eam of  t he 
suppl y ai r  f i l t er s and pr i or  t o any br anch connect i on i n accor dance wi t h 
NFPA 72.  Pr ovi de i n each ai r - handl i ng syst em,  ser v i ng mor e t han one st or y,  
and havi ng a r et ur n ai r  capaci t y gr eat er  t han 7079 L/ s 15000 cf m i n 
accor dance wi t h NFPA 90A.  Locat e at  each st or y pr i or  t o connect i on t o 
common r et ur n and at  r et ur n connect i on t o ai r  handl er  pr i or  t o any f r esh 
ai r  i nl et  connect i on and pr i or  t o any r eci r cul at i on connect i on i n 
accor dance wi t h NFPA 72.

Desi gn f or  det ect i on of  abnor mal  smoke densi t i es by t he [ i oni zat i on]  [ or ]  
[ phot oel ect r i c ]  pr i nci pl e,  r esponsi ve t o bot h i nvi s i bl e and vi s i bl e 
par t i c l es of  combust i on,  and not  suscept i bl e t o undesi r ed oper at i on by 
changes i n r el at i ve humi di t y.   Pr ovi de UL l i s t ed or  FM appr oved det ect or s 
f or  duct  i nst al l at i on.   Pr ovi de duct  det ect or s wi t h an appr oved duct  
housi ng,  mount ed ext er i or  t o t he duct ,  and wi t h per f or at ed sampl i ng t ubes 
ext endi ng acr oss t he wi dt h of  t he duct .  

Pr ovi de 115 Vac power  suppl y uni t  i nt egr al  wi t h duct  housi ng.   Obt ai n power  
f r om [ t he sour ce t o t he ai r - handl i ng uni t  or  ai r - handl i ng uni t  cont r ol s]  
[ t he l ocat i on i ndi cat ed] .   Det ect or s shal l  have t est  por t  or  t est  swi t ch.   
[ Pr ovi de r emot e al ar m i ndi cat or  [ and keyed t est ]  devi ce at  [ _____]  [ t he 
l ocat i on i ndi cat ed] . ]   Pr ovi de each det ect or  wi t h a v i s i bl e i ndi cat or  l amp 
t hat  l i ght s when t he det ect or  i s  act i vat ed.  

Act i vat i on of  duct  det ect or  shal l  cause shut down of  t he associ at ed 
ai r - handl i ng uni t  [ and c l osi ng of  damper s]  [ and shal l  sound an al ar m bel l ,  
wi t h mi ni mum 152 mm 6 i nch di amet er ,  i n a nor mal l y  occupi ed ar ea]  l ocat ed 
[ as di r ect ed]  [ as i ndi cat ed] .   [ Pr ovi de a separ at e bel l  wi t h an engr aved 
pl ast i c or  met al  l abel  i ndi cat i ng whi ch uni t  each bel l  annunci at es f or  each 
ai r - handl i ng uni t . ]

] 2. 5. 2   Smoke Damper s [ and Combi nat i on Smoke/ Fi r e Damper s]

**************************************************************************
NOTE:   Use combi nat i on smoke/ f i r e damper s onl y wher e 
r equi r ed by NFPA and desi gn manual s.

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

Smoke damper s and act uat or  assembl i es as r equi r ed i n accor dance wi t h 
NFPA 90A shal l  meet  t he Cl ass I I  l eakage r equi r ement s of  UL 555S.   Damper s 
shal l  be f act or y f abr i cat ed,  gal vani zed st eel  or  s t ai nl ess st eel  wi t h 
l ubr i cat ed bear i ngs,  l i nkages,  and seal s t o wi t hst and t emper at ur es f r om 
mi nus 29 t o 121 degr ees C 20 t o 250 degr ees F.   Pr ovi de r epl aceabl e seal s.   
[ Combi nat i on smoke/ f i r e damper s shal l  have a UL 1. 5 hour  r at i ng and shal l  
be equi pped wi t h el ect r i c / t her mal  l i nks whi ch c l ose t he damper  at  74 
degr ees C 165 degr ees F and t hen aut omat i cal l y  r eset  af t er  nor mal  
t emper at ur e i s r est or ed by cycl i ng damper  act uat or . ]   Equi p damper s wi t h 
pneumat i c or  el ect r i c  act uat or s whi ch c l ose smoke damper s t i ght l y when 
act i vat ed.   Af t er  t he smoke has c l ear ed,  t he damper s shal l  aut omat i cal l y  
reset.
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2. 6   SENSORS

**************************************************************************
NOTE:   Use smal l est  span suf f i c i ent  t o cover  t he 
oper at i ng r ange.   Use 0. 06 degr ees C 0. 10 degr ee F 
al l owabl e t ol er ance sensor s wher e smal l  t emper at ur e 
changes wi l l  have l ar ge i mpact  on ener gy 
consumpt i on;  e. g. ,  chi l l ed wat er ,  wher e t he span i s 
nomi nal l y 4. 44 t o 6. 67 degr ees C 8 t o 12 degr ees F.   
The nor mal  0. 28 degr ee C 0. 5 degr ee F sensor  woul d 
have an er r or  of  3 t o 6 per cent :   0. 28 degr ee C  0. 5 
degr ee F  di v i ded by 4. 44 degr ee C 8 degr ees F 
equal s . 06 or  6 per cent .

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

**************************************************************************
NOTE:   I ndi cat e out s i de ai r  sensor s mount ed on a 
nor t h wal l  i f  possi bl e;  a f an- t ype ai r  aspi r at or  i f  
necessar y t o avoi d ef f ect s of  wi nd,  r ai n,  sol ar  
r adi at i on,  and bui l di ng out s i de ai r  f i l m;  and al so 
i ndi cat e a power  sour ce f or  t he aspi r at or .

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

2. 6. 1   Spans and Ranges

Tr ansmi t t er s shal l  be cal i br at ed t o pr ovi de an el ect r i c  or  el ect r oni c 
out put  s i gnal  of  4 t o 20 mA el ect r i c  or  el ect r oni c and 21 t o 103 kPa 3 t o 
15 psi  out put  f or  pneumat i cs over  t he i ndi cat ed span or  r ange.

[ a.   Condi t i oned space t emper at ur e,  f r om 10 t o 38 degr ees C 50 t o 100 
degr ees F.

][ b.   Duct  t emper at ur e,  f r om 4 t o 60 degr ees C 40 t o 140 degr ees F.

][ c.   Hi gh t emper at ur e hot - wat er  t emper at ur e,  f r om 93 t o 260 degr ees C 
200 t o 500 degr ees F.

][ d.   Chi l l ed wat er  t emper at ur e,  f r om mi nus one t o 27 degr ees C 30 t o 80 
degr ees F.

][ e.   Dual  t emper at ur e wat er ,  f r om mi nus one t o 116 degr ees C 30 t o 240 
degr ees F.

][ f .   Heat i ng hot  wat er  t emper at ur e,  f r om 38 t o 121 degr ees C 100 t o 250 
degr ees F.

][ g.   Condenser  wat er  t emper at ur e,  f r om mi nus one t o 54 degr ees C 30 t o 
130 degr ees F.

][ h.   Out si de ai r  t emper at ur e,  f r om mi nus 34 t o 54 degr ees C 30 t o 130 
degr ees F.

][ i .   Rel at i ve humi di t y,  f r om 0 t o 100 per cent  f or  hi gh/ l ow l i mi t  
appl i cat i ons;  f r om 20 t o 80 per cent  f or  space appl i cat i ons.

][ j .   Di f f er ent i al  pr essur e f or  VAV suppl y duct  st at i c pr essur e f r om 0 
t o 498 Pa 0 t o 2. 0 i nches wat er  gage.

SECTI ON 23 09 53. 00 20  Page 23



][ k .   Pi t ot  t ube ai r f l ow measur ement  st at i on and t r ansmi t t er ,  f r om 0 t o 
25 Pa 0 t o 0. 1 i nch wat er  gage f or  f l ow vel oci t i es of  2. 50 t o 6 m/ s
 500 t o 1200 f pm,  0 t o 62 Pa 0 t o 0. 25 i nch wat er  gage f or  
vel oci t i es of  2. 50 t o 9 m/ s 500 t o 1800 f pm,  or  0 t o 124 Pa 0 t o 
0. 5 i nch wat er  gage f or  vel oci t i es of  2. 50 t o 13 m/ s 500 t o 2500 
f pm,  or  0 t o 374 Pa 0 t o 1. 5 i nches wat er  gage f or  vel oci t i es of  
7. 5 t o 23 m/ s 1500 t o 4500 f pm,  or  0 t o 498 Pa 0 t o 2 i nches wat er  
gage f or  vel oci t i es of  15 t o 30 m/ s 3000 t o 6000 f pm as r equi r ed 
by t he duct  syst em.

][ l .   El ect r oni c ai r f l ow measur ement  st at i on and t r ansmi t t er ,  f r om 0. 64 
t o 13 m/ s 125 t o 2500 f pm,  7. 5 t o 23 m/ s 1500 t o 4500 f pm,  or  15 
t o 30 m/ s 3000 t o 6000 f pm as r equi r ed by t he duct  syst em.

] 2. 6. 2   Temper at ur e Sensor s

2. 6. 2. 1   Resi st ance Temper at ur e Det ect or s ( RTD' s)

RTD shal l  be pl at i num wi t h a t ol er ance of  pl us or  mi nus 0. 25 per cent  at  0 
degr ees C 32 degr ees F,  and shal l  be encapsul at ed i n epoxy,  Ser i es 300 
st ai nl ess st eel ,  anodi zed al umi num,  or  copper .   RTD shal l  be f ur ni shed wi t h 
RTD t r ansmi t t er  as speci f i ed,  i nt egr al l y- mount ed unl ess ot her wi se i ndi cat ed.

2. 6. 2. 2   Cont i nuous Aver agi ng RTD' s

Cont i nuous aver agi ng RTD' s shal l  have a t ol er ance of  pl us or  mi nus 0. 55 
degr ees C 1. 0 degr ees F at  t he r ef er ence t emper at ur e,  and shal l  be of  
suf f i c i ent  l engt h t o ensur e t hat  t he r esi st ance r epr esent s an aver age over  
t he cr oss sect i on i n whi ch i t  i s  i nst al l ed.   Sensi ng el ement  shal l  have a 
bendabl e copper  sheat h.   Aver agi ng RTD shal l  be f ur ni shed wi t h RTD 
t r ansmi t t er  as speci f i ed,  t o mat ch t he r esi st ance r ange of  t he aver agi ng 
RTD.   El ement  l engt h shal l  be a mi ni mum of  3280 mm per  squar e met er  one 
l i near  f oot  per  squar e f oot  of  coi l  f ace ar ea.

2. 6. 2. 3   RTD Tr ansmi t t er

**************************************************************************
NOTE:   I ndi cat e wher e t r ansmi t t er s ar e r equi r ed and 
not  r equi r ed.

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

RTD t r ansmi t t er  shal l  be sel ect ed t o mat ch t he r esi st ance r ange of  t he 
RTD.    Tr ansmi t t er  shal l  be a t wo- wi r e,  l oop- power ed devi ce.   Tr ansmi t t er  
shal l  pr oduce a l i near  4 t o 20 mA dc out put  cor r espondi ng t o r equi r ed 
t emper at ur e measur ement .   Out put  er r or  shal l  not  exceed 0. 1 per cent  of  t he 
cal i br at ed measur ement .   Tr ansmi t t er  shal l  i ncl ude of f set  and span 
adjustments.

2. 6. 2. 4   Pneumat i c Temper at ur e Tr ansmi t t er

**************************************************************************
NOTE:   Use smal l est  span suf f i c i ent  t o cover  
oper at i ng r ange.   Thi s pr ovi des smal l est  al l owabl e 
devi at i on,  i mpr ovi ng cont r ol  accur acy.

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

Tr ansmi t t i ng sensi ng el ement s shal l  be bi - met al ,  aver agi ng el ement  and 
capi l l ar y,  r od and t ube,  or  bul b and capi l l ar y.   Tr ansmi t t er s shal l  oper at e 
wi t hi n t he r ange of  4 t o 116 degr ees C 40 t o 240 degr ees F.   Pr ovi de t he 
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f ol l owi ng spans and al l owabl e devi at i ons f or  appl i cat i ons l i s t ed.

a.   Room sensor s,  mi nus 4 degr ees C 25 degr ees F,  pl us or  mi nus 0. 28 
degr ees C 0. 5 degr ees F

b.   Room,  chi l l ed wat er ,  dew poi nt ,  r et ur n ai r  sensor s,  10 degr ees C 
50 degr ees F,  pl us or  mi nus 0. 42 degr ee C 0. 75 degr ee F

c.   Out si de ai r ,  hot  wat er ,  coi l  di schar ge sensor s,  38 degr ees C 100 
degr ees F,  pl us or  mi nus 0. 56 degr ee C 1. 0 degr ee F

d.   Hi gh t emper at ur e hot  wat er ,  chi l l ed hot  wat er  syst em sensor s,  93 
degr ees C 200 degr ees F,  pl us or  mi nus 1. 11 degr ees C 2. 0 degr ees F.

2. 6. 3   Rel at i ve Humi di t y I nst r ument s

2. 6. 3. 1   Rel at i ve Humi di t y Sensor

**************************************************************************
NOTE:

1.   Measur i ng dew poi nt  t emper at ur e and r el at i ve 
humi di t y wi t h accur acy and r epeat abi l i t y  usi ng 
" commer ci al "  cont r ol s i s  di f f i cul t .   I t  i s  
r ecommended t hat  t he desi gner  pl an t he cont r ol  
syst em t o el i mi nat e t he need t o cont r ol  dew poi nt  
t emper at ur e or  r el at i ve humi di t y i ncl udi ng 
el i mi nat i ng ent hal py cont r ol .   Dr y bul b t emper at ur es 
shoul d be used t o cont r ol  out s i de,  r et ur n,  and 
exhaust  ai r  damper s i n economi zer  appl i cat i ons.   
Onl y use humi di t y cont r ol  when t he space has 
speci f i c  humi di t y r equi r ement s.

2.   I ndi cat e a f an power ed t ype aspi r at i ng cabi net ,  
an el ect r oni c r el at i ve humi di t y sensi ng el ement ,  a 
t r ansmi t t er  f or  out s i de ai r  r el at i ve humi di t y 
sensi ng appl i cat i ons,  and a power  sour ce f or  t he 
cabinet.

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

Pr ovi de r el at i ve humi di t y sensor .   Use nonsat ur at i ng sensi ng el ement s 
capabl e of  wi t hst andi ng a sat ur at ed condi t i on wi t hout  per manent l y af f ect i ng 
cal i br at i on or  sust ai ni ng damage.   Sensi ng el ement s shal l  be bul k pol ymer  
or  t hi n f i l m pol ymer .   Sensi ng el ement s shal l  have an accur acy of  pl us or  
mi nus 2 per cent  of  f ul l  scal e wi t hi n t he r ange of  20 t o 80 per cent  r el at i ve 
humi di t y.   Pr ovi de a t wo- wi r e,  l oop- power ed t r ansmi t t er  l ocat ed at  t he 
sensi ng el ement s t o conver t  t he sensi ng el ement s out put  t o a l i near  4 t o 20 
mA dc out put  cor r espondi ng t o r equi r ed humi di t y measur ement .   Out put  er r or  
shal l  not  exceed 0. 1 per cent  of  cal i br at ed measur ement .   Tr ansmi t t er  shal l  
i ncl ude of f set  and span adj ust ment s.   Tr ansmi t t er  shal l  have abi l i t y  t o be 
cal i br at ed el ect r oni cal l y  by usi ng a one- poi nt ,  i n- s i t u met hod whi ch al l ows 
f or  er r or  cor r ect i on wi t h a s i ngl e pot ent i omet er .  

2. 6. 4   Dew Poi nt  I nst r ument s

**************************************************************************
NOTE:   Pr ovi de 2 degr ees C 3 degr ee F dew poi nt  
al l owabl e devi at i on f or  nor mal  cont r ol ,  as i n 
commi ssar y r ef r i ger at ed di spl ay case,  ant i - sweat  

SECTI ON 23 09 53. 00 20  Page 25



heat er  cont r ol s;  pr ovi de a 0. 55 degr ee C one degr ee F
 devi at i on f or  cr i t i cal  occupi ed space,  as i n 
comput er  r ooms.

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

Pr ovi de anal og sal t - phase t r ansi t i on or  dual  chi l l ed,  mi r r or  t ype sensor .   
Sensor  shal l  have an al l owabl e devi at i on of  pl us or  mi nus [ 0. 55]  [ 2]  
degr ees C [ one]  [ 3]  degr ees F dew poi nt  over  t he r ange of  mi nus 12 t o pl us 
27 degr ees C 10 t o 80 degr ees F dew poi nt .

2. 6. 5   Ai r f l ow Sensor s

Pr ovi de ai r f l ow sensor s.

**************************************************************************
NOTE:   Use onl y wher e necessar y.   Ai r f l ow sensor s 
ar e hi gh mai nt enance i t ems.

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

2. 6. 5. 1   El ect r oni c Ai r f l ow Measur ement  St at i ons and Tr ansmi t t er s

a.   St at i ons shal l  cont ai n an ar r ay of  vel oci t y sensi ng el ement s and 
st r ai ght eni ng vanes i nsi de a f l anged sheet  met al  casi ng.   Vel oci t y 
sensi ng el ement s shal l  be RTD or  t her mi st or  t ype,  wi t h l i near i z i ng 
means.   Sensi ng el ement s shal l  be di st r i but ed acr oss t he duct  
cr oss sect i on i n t he quant i t y and pat t er n set  f or t h f or  
measur ement s and i nst r ument s i n accor dance wi t h ASHRAE FUN SI  
ASHRAE FUN I P and SMACNA 1780,  f or  t r aver si ng of  duct ed ai r f l ows.   
Resi st ance t o ai r f l ow t hr ough t he ai r f l ow measur ement  st at i on 
shal l  not  exceed 20 Pa 0. 08 i nch wat er  gage at  ai r f l ow of  10 m/ s 
2000 f pm.   St at i on const r uct i on shal l  be sui t abl e f or  oper at i on at  
ai r f l ows of  up t o 25. 40 m/ s 5000 f pm over  a t emper at ur e r ange of  4 
t o 49 degr ees C 40 t o 120 degr ees F,  and accur acy shal l  be pl us or  
mi nus 3 per cent  over  a r ange of  0. 64 t o 12. 70 m/ s 125 t o 2500 f pm 
scal ed t o ai r  vol ume.   Use st at i ons i f  r equi r ed vel oci t y 
measur ement  i s  bel ow 2. 50 met er s per  second 500 f eet  per  mi nut e.

b.   Tr ansmi t t er s shal l  pr oduce a l i near ,  t emper at ur e compensat ed 4 t o 
20 mA dc out put  cor r espondi ng t o r equi r ed vel oci t y  pr essur e 
measur ement .   Tr ansmi t t er s shal l  be a t wo- wi r e,  l oop- power ed 
devi ce.   Out put  er r or  of  t r ansmi t t er s shal l  not  exceed 0. 5 per cent  
of  cal i br at ed measur ement .   Tr ansmi t t er s shal l  have of f set  and 
span adj ust ment s.

2. 6. 5. 2   Pi t ot  Tube Ai r f l ow Measur ement  St at i ons and Tr ansmi t t er s

a.   St at i ons shal l  cont ai n an ar r ay of  vel oci t y sensi ng el ement s and 
st r ai ght eni ng vanes i nsi de a f l anged sheet  met al  casi ng.  Vel oci t y 
sensi ng el ement s shal l  be mul t i pl e pi t ot  t ube t ype wi t h aver agi ng 
mani f ol ds.   Sensi ng el ement s shal l  be di st r i but ed acr oss t he duct  
cr oss sect i on i n t he quant i t y and pat t er n set  f or t h f or  
measur ement s and i nst r ument s i n accor dance wi t h ASHRAE FUN SI  
ASHRAE FUN I P or  SMACNA 1780,  f or  t r aver si ng of  duct ed ai r f l ows.   
Resi st ance t o ai r f l ow t hr ough t he ai r f l ow measur ement  st at i on 
shal l  not  exceed 20 Pa 0. 08 i nch wat er  gage at  ai r f l ow of  10 m/ s 
2000 f pm.   St at i on const r uct i on shal l  be sui t abl e f or  oper at i on at  
ai r f l ows of  up t o 25. 40 m/ s 5000 f pm over  a t emper at ur e r ange of  4 
t o 49 degr ees C 40 t o 120 degr ees F,  and accur acy shal l  be pl us or  
mi nus 3 per cent  over  a r ange of  2. 5 t o 12. 7 m/ s 500 t o 2500 f pm 
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scal ed t o ai r  vol ume.   Do not  use st at i ons i f  r equi r ed vel oci t y 
measur ement  i s  bel ow 2. 50 met er s per  second 500 f eet  per  mi nut e.

b.   Tr ansmi t t er s shal l  pr oduce a l i near  4 t o 20 mA dc out put  
cor r espondi ng t o t he r equi r ed vel oci t y pr essur e measur ement .   Each 
t r ansmi t t er  shal l  have a l ow- r ange di f f er ent i al  pr essur e sensi ng 
el ement  and a squar e r oot  ext r act or .   The t r ansmi t t er  shal l  be a 
t wo- wi r e,  l oop power ed devi ce.   Sensi ng el ement  accur acy shal l  be 
pl us or  mi nus 1 per cent  of  f ul l  scal e,  and over al l  t r ansmi t t er  
accur acy shal l  be pl us or  mi nus 0. 25 per cent  of  t he cal i br at ed 
measur ement .   Each t r ansmi t t er  shal l  have of f set  and span 
adjustments.

2. 6. 6   Pr essur e Sensor s

**************************************************************************
NOTE:   I ndi cat e spar e pr essur e t aps wher e i n- pi pi ng 
cal i br at i on i s r equi r ed.

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

Pr ovi de el ect r oni c pr essur e sensor  and t r ansmi t t er .   Sensor  shal l  be a 
pr essur e t r ansmi t t er  wi t h an i nt egr al  sensi ng el ement .   Sensor  over  
pr essur e r at i ng shal l  be 172 kPa ( gage)  25 psi g above i t s nor mal  oper at i ng 
r ange.   Sensi ng el ement  accur acy shal l  be pl us or  mi nus one per cent  of  f ul l  
scal e.   Tr ansmi t t er  accur acy shal l  be pl us or  mi nus 0. 1 per cent  of  t he 
cal i br at ed measur ement .   Tr ansmi t t er  shal l  be a t wo- wi r e,  l oop- power ed 
devi ce.   Tr ansmi t t er  shal l  pr oduce a l i near  4 t o 20 mA dc out put  
cor r espondi ng t o r equi r ed pr essur e measur ement .   Tr ansmi t t er  shal l  have 
of f set  and span adj ust ment s.

2. 7   THERMOWELLS

Pr ovi de br ass or  Ser i es 300 st ai nl ess st eel  t her mowel l s wi t h t hr eaded br ass 
pl ug and chai n,  50 mm 2 i nch l aggi ng neck and ext ensi on t ype wel l ,  and 
i nsi de di amet er  and i nser t i on l engt h as r equi r ed f or  t he appl i cat i on.   
Pr ovi de t her mowel l s f or  i mmer si on sensor s wi t h conduct i ng mat er i al  i nsi de 
t he wel l .

2. 8   THERMOSTATS

Pr ovi de t her most at s.

**************************************************************************
NOTE:

1.   Use a r ecessed aspi r at i ng t ype mount i ng i n 
publ i c ar eas wher e i t  i s  necessar y t o make t he 
t her most at  l ess obvi ous t o mi ni mi ze vandal i sm.   Do 
not  use aspi r at i ng or  conceal ed mount i ngs i n f ami l y 
housi ng.   Use adj ust abl e t her most at s i n f ami l y 
housing.

2.   Locat e r oom t her most at s on i nt er i or  wal l s wher e 
t hey wi l l  r espond t o aver age condi t i ons i n t he 
r ooms.   Ther most at s shal l  not  be mount ed on ext er i or  
wal l s i f  ot her  l ocat i ons ar e avai l abl e.   I f  mount ed 
on ext er i or  wal l s,  t her most at s shal l  be i ndi cat ed 
wi t h an i nsul at i ng subbase.   Ther most at s f or  comf or t  
cool i ng t hat  ar e occupant  cont r ol l ed ( i ndi cat e t he 
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l i mi t s)  shal l  have f i xed f act or y t emper at ur e 
l i mi t s.    I ndi cat e cent er l i ne of  r oom t her most at  at  
1. 50 met er s 5 f eet  above f i ni shed f l oor .

3.   I ndi cat e swi t ch di f f er ent i al  f or  each cont act  
and bet ween each cont act  on mul t i s t age swi t ches;  
al so,  i ndi cat e whet her  t he di f f er ent i al  i s  
adj ust abl e or  f i xed.

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

2. 8. 1   Ranges

Ther most at  r anges shal l  be sel ect ed so t hat  t he set poi nt  i s  adj ust abl e 
[ wi t hout  t ool s]  bet ween pl us or  mi nus 5 degr ees C pl us or  mi nus 10 degr ees F
 of  t he set poi nt  i ndi cat ed.

2. 8. 2   Nonmodul at i ng El ect r i c  Room Ther most at s

Cont act s shal l  be s i ngl e- pol e doubl e- t hr ow ( SPDT) ,  her met i cal l y  seal ed,  and 
wi r ed t o i dent i f i ed t er mi nal s.   Maxi mum di f f er ent i al  shal l  be one degr ee C 
2 degr ees F.   Ther most at  cover s shal l  consi st  of  l ocki ng met al  or  
heavy- dut y pl ast i c,  and shal l  be capabl e of  bei ng l ocked by an Al l en wr ench 
or  speci al  t ool .  Ther most at s shal l  have manual  swi t ches as r equi r ed by t he 
appl i cat i on and a mi ni mum r ange of  13 t o 32 degr ees C 55 t o 90 degr ees F.

2. 8. 3   Mi cr opr ocessor - Based Room Ther most at s

**************************************************************************
NOTE:   Use t her most at s onl y f or  smal l  spl i t  syst ems 
and packaged si ngl e- zone uni t s.

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

Mi cr opr ocessor - based r oom t her most at s shal l  have bui l t - i n keypads f or  
schedul i ng of  day and ni ght  t emper at ur e set t i ngs.   [ Access t o t he 
schedul i ng mode shal l  be by passwor d cont r ol  code. ]   When out  of  t he 
schedul i ng mode,  t her most at s shal l  have cont i nuous 12- hour  t i me di spl ay,  
wi t h AM and PM i ndi cat i on,  cont i nuous di spl ay of  day of  t he week,  and 
ei t her  cont i nuous di spl ay of  r oom t emper at ur e wi t h di spl ay of  t emper at ur e 
set poi nt  on demand,  or  cont i nuous di spl ay of  t emper at ur e set poi nt  wi t h 
di spl ay of  r oom t emper at ur e on demand.   I n t he pr ogr ammabl e mode,  use t he 
di spl ay f or  set t i ng and i nt er r ogat i ng t i me pr ogr am ON- OFF set poi nt s f or  
each day of  t he week.   The t i me pr ogr am shal l  al l ow t wo separ at e 
t emper at ur e set back i nt er val s per  day.   Ther most at s shal l  have a means f or  
t empor ar y and manual  over r i de of  pr ogr am schedul e,  wi t h aut omat i c pr ogr am 
r est or at i on on t he f ol l owi ng day.   Ther most at s shal l  have a r epl aceabl e 
bat t er y t o mai nt ai n t i mi ng and t o mai nt ai n t he schedul e i n memor y f or  one 
year  i n t he event  of  a power  out age.   Maxi mum di f f er ent i al  shal l  be one 
degr ee C 2 degr ees F.   Wher e used f or  heat  pump appl i cat i ons,  t her most at  
shal l  have an emer gency heat  swi t ch.

2. 8. 4   Nonmodul at i ng Capi l l ar y Ther most at s and Aquast at s

a.   Ther most at  shal l  have a capi l l ar y l engt h of  at  l east  1 1/ 2 met er s 
5 f eet ,  adj ust abl e di r ect  r eadi ng scal es f or  bot h set poi nt  and 
di f f er ent i al ,  and a di f f er ent i al  adj ust abl e f r om 3 t o 9 degr ees C 
6 t o 16 degr ees F.

b.   Aquast at s shal l  be st r ap- on t ype,  wi t h 5. 50 degr ees C 10 degr ees F 
f i xed di f f er ent i al .
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2. 8. 5   Low- Temper at ur e Pr ot ect i on Ther most at s ( Fr eezest at s)

**************************************************************************
NOTE:   I ndi cat e capi l l ar y ser pent i ned i n a pl ane 
per pendi cul ar  t o ai r f l ow t o uni f or ml y sense ent i r e 
airflow.

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

Low- t emper at ur e pr ot ect i on t her most at s shal l  be manual l y r eset  
l ow- t emper at ur e saf et y t her most at s,  wi t h NO and NC cont act s or  a 
t wo- posi t i on pneumat i c out put  s i gnal  and a 6 met er s 20 f oot  el ement  whi ch 
shal l  r espond t o t he col dest  456 mm 18 i nch segment .

2. 8. 6   Modul at i ng Capi l l ar y Ther most at s

Ther most at s shal l  have ei t her  one out put  s i gnal ,  t wo out put  s i gnal s 
oper at i ng i n uni son,  or  t wo out put  s i gnal s oper at i ng i n sequence,  as 
r equi r ed f or  t he appl i cat i on.   Ther most at s shal l  have adj ust abl e t hr ot t l i ng 
r anges of  2 t o 4 degr ees C 4 t o 8 degr ees F f or  each out put .

2. 8. 7   Modul at i ng Pneumat i c Room Ther most at s

Two- t emper at ur e combi nat i on t her most at s shal l  be adj ust abl e pr opor t i oni ng 
t ype wi t h dual  set poi nt s cont ai ni ng t wo t emper at ur e sensi ng el ement s:   one 
f or  heat i ng cont r ol  and one f or  cool i ng cont r ol ;  t wo f or  heat i ng cont r ol  or  
t wo f or  cool i ng cont r ol .   Changeover  f or  t wo- t emper at ur e combi nat i on 
t her most at s shal l  be accompl i shed by a change i n cont r ol  ai r  suppl y 
pr essur e whi ch sel ect s pr oper  set poi nt  and pr oper  cont r ol l er  act i on.   
Si ngl e- t emper at ur e t her most at s shal l  be adj ust abl e pr opor t i oni ng t ype wi t h 
one t emper at ur e sensi ng el ement :  one set poi nt  and pr oper  cont r ol l er  
act i on.   " Dead- band"  t her most at s shal l  have one adj ust abl e pr opor t i oni ng 
t ype cont r ol l er  wi t h t wo set poi nt s,  adj ust abl e dead- band,  and one 
cont r ol l er  out put  or  t wo adj ust abl e pr opor t i oni ng t ype cont r ol l er s mount ed 
on a common backpl at e wi t h t wo set poi nt s,  adj ust abl e dead- band,  and t wo 
cont r ol l er  out put s.   Temper at ur e sensi ng el ement s shal l  be sel ect ed f or  
pr oper  cont r ol l er  act i on.   I ndi v i dual  t emper at ur e- sensi ng el ement s shal l  
have a separ at e adj ust abl e t hr ot t l i ng r ange of  one t o 5. 50 degr ees C 2 t o 
10 degr ees F;  t her most at  shal l  have a mi ni mum r ange of  13 t o 32 degr ees C 
55 t o 90 degr ees F and mi ni mum saf e ai r  i nput  pr essur e of  172 kPa ( gage)  25 
psi g.   Dead- band set t i ng shal l  have a mi ni mum adj ust abl e r ange of  2 t o 8 
degr ees C 4 t o 15 degr ees F.   Room t her most at  shal l  have conceal ed set poi nt  
di al  [ ,  cover s wi t h Al l en scr ews]  [ ,  aspi r at or  t ype wal l  box wi t h f l ush 
pl at e and l ocki ng scr ews]  [ ,  bui l t - i n conceal ed t her momet er s]  [ ,  exposed 
adj ust ment  cover s wi t h v i s i bl e t her momet er s f or  f ami l y housi ng] ,  and 
pl ug- i n gage por t s.

2. 8. 8   Modul at i ng,  I nser t i on,  I mmer si on,  & Aver agi ng Pneumat i c Ther most at s

**************************************************************************
NOTE:   I ndi cat e r emot e bul b r et ur n ai r  t her most at s 
i n l i eu of  r oom t her most at s wher e accept abl e.

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

Ther most at s shal l  be t wo- pi pe,  pi l ot - oper at ed t ype wi t h pneumat i c f eedback,  
pr opor t i onal  act i on and shal l  have an adj ust abl e t hr ot t l i ng r ange of  one t o 
55 degr ees C 2 t o 100 degr ees F wi t h a mi ni mum r ange of  mi nus 12 t o pl us 
121 degr ees C 10 t o 250 degr ees F.   Aver agi ng el ement s shal l  be 825 mm 1 
f oot  i n l engt h f or  each squar e met er  4 squar e f eet  of  duct wor k 
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cr oss- sect i onal  ar ea wi t h a mi ni mum l engt h of  2. 44 met er s 8 f eet .

2. 8. 9   Nonmodul at i ng Pneumat i c Ther most at s

Ther most at s shal l  have i nt egr al  posi t i ve act i ng r el ays,  zer o or  maxi mum 
out put  pr essur e.   Remot e el ement  t her most at s shal l  have st andar d or  
aver agi ng bul bs.   Aver agi ng bul bs shal l  be 825 mm one f oot  i n l engt h f or  
each squar e met er  4 squar e f eet  of  duct wor k cr oss- sect i onal  ar ea and a 
mi ni mum l engt h of  2. 44 met er s 8 f eet .   Di f f er ent i al  r anges shal l  be f i el d 
adj ust abl e.   Remot e el ement  t her most at  di f f er ent i al  r ange shal l  be one t o 
14 degr ees C 2 t o 25 degr ees F wi t h mi ni mum cont r ol  r anges of  mi nus 23 t o 
pl us 121 degr ees C mi nus 10 t o pl us 250 degr ees F.   Room t her most at  
di f f er ent i al  r ange shal l  be one t o 5. 50 degr ees C 2 t o 10 degr ees F wi t h 
mi ni mum cont r ol  r anges of  13 t o 32 degr ees C 55 t o 90 degr ees F.

2. 9   SUNSHIELDS

Pr ovi de sunshi el ds f or  out s i de ai r  t emper at ur e sensi ng el ement s t o pr event  
t he sun f r om di r ect l y st r i k i ng t emper at ur e sensi ng el ement s.   Pr ovi de 
sunshi el ds wi t h adequat e vent i l at i on so t hat  t he sensi ng el ement  r esponds 
t o t he ambi ent  t emper at ur e of  sur r oundi ngs.   The t op of  each sunshi el d 
shal l  have gal vani zed met al  or  al umi num r ai nshi el d pr oj ect i ng over  t he f ace 
of  t he sunshi el d.   Sunshi el ds shal l  be pai nt ed whi t e or  shal l  be unpai nt ed 
aluminum.

2. 10   PRESSURE SWI TCHES AND SOLENOI D VALVES

Pr ovi de pr essur e swi t ches and sol enoi d val ves.

2. 10. 1   Pr essur e Swi t ches

Swi t ches shal l  have an adj ust abl e set poi nt  wi t h v i s i bl e set poi nt  scal e.   
Range shal l  be as i ndi cat ed.   Di f f er ent i al  adj ust ment  shal l  span 20 t o 40 
per cent  of  t he r ange of  t he devi ce.

2. 10. 2   Di f f er ent i al  Pr essur e Swi t ches

Swi t ches shal l  be an adj ust abl e di aphr agm- oper at ed devi ce wi t h [ t wo SPDT]  
[ one SPDT]  cont act s,  wi t h t aps f or  sensi ng l i nes t o be connect ed t o duct  
pr essur e f i t t i ngs desi gned t o sense ai r  pr essur e.   Fi t t i ngs shal l  be 
angl ed- t i p t ype wi t h t i ps poi nt i ng i nt o t he ai r st r eam.   [ Range shal l  be 125 
t o 1494 Pa 0. 5 t o 6 i nches wat er  gage.   Di f f er ent i al  shal l  be a maxi mum of  
37 Pa 0. 15 i nch wat er  gage at  t he l ow end of  t he r ange and 87 Pa 0. 35 i nch 
wat er  gage at  t he hi gh end of  t he r ange. ]

2. 10. 3   Pneumat i c El ect r i c  ( PE)  Swi t ches

Swi t ches shal l  have an adj ust abl e set poi nt  r ange of  21 t o 138 kPa ( gage)  3 
t o 20 psi g,  and di f f er ent i al  adj ust abl e f r om [ 14 t o 41]  [ 7t o 14]  [ 2 t o 7]  
kPa [ 2 t o 6]  [ 1 t o 2]  [ 0. 25 t o 1]  psi .

2. 10. 4   Sol enoi d Oper at ed Pneumat i c ( EP)  Val ves

Val ves shal l  have t hr ee- por t  oper at i on:   common,  nor mal l y open,  and 
nor mal l y c l osed.   Val ves shal l  have an out er  cast  al umi num body.   The ai r  
connect i on shal l  be a 6 mm 1/ 4 i nch NPT t hr eaded connect i on.   Val ves shal l  
be r at ed f or  345 kPa ( gage)  50 psi g wher e used i n a cont r ol  syst em whi ch 
oper at es at  172 kPa ( gage)  25 psi g or  l ess,  or  1034 kpa ( gage)  150 psi g 
wher e used i n a cont r ol  syst em whi ch oper at es i n t he r ange of  172 t o 689 
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kPa ( gage)  25 t o 100 psi g.

2. 11   I NDI CATI NG DEVI CES

Pr ovi de i ndi cat i ng devi ces.

2. 11. 1   Thermometers

a.   Ther momet er s f or  i nser t i on i n duct wor k and pi pi ng syst ems shal l  
have br ass,  mal l eabl e i r on,  or  al umi num al l oy case and f r ame,  
c l ear  pr ot ect i ve f ace,  and per manent l y st abi l i zed gl ass t ube wi t h 
an i ndi cat i ng f l ui d col umn,  whi t e f ace,  bl ack number s,  and a 229 mm
 9 i nch scal e.

b.   Ther momet er s f or  pi pi ng syst ems shal l  have r i gi d st ems wi t h 
st r ai ght ,  angul ar ,  or  i ncl i ned pat t er n.

c.   Ther momet er  st ems shal l  have expansi on heads as r equi r ed t o 
pr event  br eakage at  ext r eme t emper at ur es.   On r i gi d st em 
t her momet er s,  t he space bet ween bul b and st em shal l  be f i l l ed wi t h 
a heat  t r ansf er  medi um.

d.   Ai r  duct  t her momet er s shal l  have per f or at ed st em guar ds and 45 
degr ee adj ust abl e duct  f l anges wi t h l ocki ng mechani sms.

e.   Aver agi ng t her momet er s shal l  have 90 mm 3. 5 i nch ( nomi nal )  di al ,  
wi t h bl ack l egend on whi t e backgr ound,  and poi nt er  t r avel i ng 
t hr ough a 270 degr ee ar c.

f .   Ther momet er s shal l  have an accur acy of  pl us or  mi nus one per cent  
of  scal e r ange.   Ther momet er s shal l  have t he f ol l owi ng r anges:

( 1)   Mi xed ai r  t emper at ur e:   mi nus 18 t o pl us 38 degr ees C i n 1/ 2 
degr ee C  0 t o 100 degr ees F i n 1 degr ee F gr aduat i ons.

( 2)   Ret ur n ai r  t emper at ur e:   mi nus 18 t o pl us 38 degr ees C i n 1/ 2 
degr ees C  0 t o 100 degr ees F i n 1 degr ee F gr aduat i ons.

( 3)   Cool i ng coi l  di schar ge t emper at ur e:   mi nus 18 t o pl us 38 
degr ees C i n 1/ 2 degr ee C  0 t o 100 degr ees F i n 1 degr ee F 
graduations.

( 4)   Heat i ng coi l  di schar ge t emper at ur e:   mi nus one t o pl us 82 
degr ees C i n one degr ee C  30 t o 180 degr ees F i n 2 degr ee F 
graduations.

( 5)   Hydr oni c heat i ng syst ems bel ow 104 degr ees C 220 degr ees F:   
4 t o 116 degr ees C i n one degr ee 40 t o 240 degr ees F i n 2 degr ee 
graduations.

( 6)   Chi l l ed wat er  t emper at ur e:   mi nus 18 t o pl us 38 degr ees C i n 
1/ 2 degr ee C 0 t o 100 degr ees F i n one degr ee F gr aduat i ons.

( 7)   Condenser  wat er  t emper at ur e:   4 t o 60 degr ees C i n 1/ 2 degr ee 
C 40 t o 140 degr ees i n one degr ee F gr aduat i ons.

( 8)   Gl ycol  t emper at ur e:   mi nus 18 t o pl us 38 degr ees C 0 t o 100 
degr ees Ff or  cool i ng ser vi ce i n 1/ 2 degr ee C one degr ee F 
gr aduat i ons,  and 4 t o 116 degr ees C 40 t o 240 degr ees F f or  
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heat i ng ser vi ce i n one degr ee C 2 degr ee F gr aduat i ons.

( 9)   Hi gh t emper at ur e hot  wat er :   38 t o 288 degr ees C i n 3 degr ee C
 100 t o 550 degr ees F i n 5 degr ee F gr aduat i ons.

2. 11. 2   Pr essur e Gages

Pr ovi de pr essur e gages wi t h gage cock,  snubber ,  and syphon.

a.   ASME B40. 100.   Gages shal l  be 65 mm 2 1/ 2 i nch ( nomi nal )  s i ze,  
back- connect ed,  sui t abl e f or  f i el d or  panel  mount i ng as r equi r ed,  
shal l  have bl ack l egend on whi t e backgr ound,  and shal l  have a 
poi nt er  t r avel i ng t hr ough a 270 degr ee ar c.   Accur acy shal l  be 
pl us or  mi nus 3 per cent  of  scal e r ange.

b.   Gages f or  i ndi cat i ng s i gnal  out put  t o pneumat i c act uat or s and mai n 
ai r  gages shal l  have scal e of  0 t o 210 kPa ( gage)  i n 10 kPa 0 t o 
30 psi g i n 1 psi g gr aduat i ons.

c.   Gages f or  ai r  st or age t anks and f or  use bef or e and af t er  di r t  and 
oi l  f i l t er s or  dr yer s,  shal l  have a scal e of  [ 0 t o 1100]  [ _____]  
kPa ( gage)  [ 0 t o 160]  [ _____]  psi g wi t h 15 Kpa ( gage)  2 psi g 
graduations.

d.   Gages f or  [ hydr oni c]  [ and]  [ s t eam]  syst em appl i cat i ons shal l  have 
r anges and gr aduat i ons as i ndi cat ed.

e.   Pneumat i c t r ansmi ssi on r ecei ver  gages shal l  have a r ange t o mat ch 
t he r espect i ve t r ansmi t t er s.

2. 12   LOW- DI FFERENTI AL PRESSURE GAGES

Gages f or  l ow- di f f er ent i al  pr essur e measur ement s shal l  be 115 mm 4 1/ 2 i nch 
( nomi nal )  s i ze wi t h t wo seat s of  pr essur e t aps,  and shal l  have a 
di aphr agm- act uat ed poi nt er ,  whi t e di al  wi t h bl ack f i gur es,  and poi nt er  zer o 
adj ust ment .   Gages shal l  have r anges and gr aduat i ons as i ndi cat ed.   
Accur acy shal l  be pl us or  mi nus 2 per cent  of  scal e r ange.

2. 13   CONTROLLERS

**************************************************************************
NOTE:   I ndi cat e whi ch t ype of  cont r ol l er  i s  r equi r ed 
f or  each appl i cat i on.

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

2. 13. 1   Si ngl e- Loop Cont r ol l er s

**************************************************************************
NOTE:   I ndi cat e s i ngl e- l oop cont r ol l er s f or  
appl i cat i ons wher e pr opor t i onal - i nt egr al  ( PI )  modes 
or  pr opor t i onal - i nt egr al - der i vat i ve ( PI D)  modes ar e 
r equi r ed or  wher e t he need f or  ei t her  mode i s 
ant i c i pat ed.   I ndi cat e s i ngl e- l oop cont r ol l er s wher e 
one or  t wo cont act  out put s ar e r equi r ed t o be 
oper at ed i n r esponse t o changes i n pr ocess var i abl e 
i nput  s i gnal s f or  cont r ol  appl i cat i on.

**************************************************************************
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2. 13. 1. 1   Cont r ol l er  Feat ur es

Cont r ol l er  shal l  be a mi cr opr ocessor - based,  s i ngl e- l oop devi ce t hat  does 
not  r equi r e Cont r act or - gener at ed sof t war e.   Cont r ol l er  shal l  conf or m t o 
FCC Par t  15.   Cont r ol l er  panel  cut out  shal l  be 92 by 92 mm 3. 62 by 3. 62 
i nches.   Cont r ol l er  shal l  have f i el d sel ect abl e r ange f or  pr ocess 
var i abl es,  a r emot e set poi nt  anal og i nput  and anal og out put  wi t h adj ust abl e 
hi gh and l ow end l i mi t s,  and pr opor t i onal  cont r ol  manual  r eset  
adj ust ment .    Anal og out put  shal l  r esul t  f r om PI D cont r ol .   Anal og out put  
shal l  be conf i gur abl e as di r ect  act i ng and r ever se act i ng.   Cont r ol l er  
shal l  have keyboar d,  di spl ay,  aut o/ manual  sel ect i on f or  cont r ol  of  anal og 
out put ,  and r emot e set poi nt  adj ust ment / l ocal  set poi nt  adj ust ment  
sel ect i on.   Cont r ol l er  shal l  have adj ust abl e hi gh- end and l ow- end l i mi t s,  
r at i o,  and bi as adj ust ment s on r emot e set poi nt  i nput ;  oper at or  i ni t i at ed 
sel f - t une/ manual - t une sel ect i on,  ant i - r eset  wi nd- up f eat ur e,  and t wo 
conf i gur abl e i ndependent  SPDT wi t h adj ust abl e syst em cont act  c l osur e 
out put s.   Cont r ol l er  shal l  be conf i gur abl e t o power - up i n manual  wi t h l ocal  
set poi nt  cont r ol ,  i n aut omat i c wi t h l ocal  set poi nt  cont r ol ,  and i n 
aut omat i c wi t h r emot e set poi nt  cont r ol .   Cont act  c l osur es shal l  be 
act i vat ed by a pr ocess var i abl e and by a pr ocess var i abl e devi at i on f r om 
set poi nt  as conf i gur ed.   The r ange of  hyst er esi s adj ust ment  shal l  not  be 
smal l er  t han 1 per cent  t o 5 per cent  of  pr ocess var i abl e i nput  span.   
Cont r ol l er  shal l  power  t he anal og out put  l oop t o 20 mA wher e connect ed t o a 
l oad of  600 ohms.   Cont r ol l er  shal l  have 5- year  bat t er y backup or  shal l  
have nonvol at i l e memor y t o st or e oper at i ng par amet er s.

2. 13. 1. 2   Cont r ol l er  Par amet er  I nput  and Di spl ay

Cont r ol  par amet er s shal l  be ent er ed and di spl ayed di r ect l y,  i n t he cor r ect  
engi neer i ng uni t s,  t hr ough a ser i es of  keyst r okes on a f r ont  panel  di spl ay 
wi t h a 3 1/ 2- di gi t ,  seven- segment  di spl ay,  wi t h deci mal  poi nt  and pol ar i t y 
i ndi cat i on.   Use of  t he di spl ay shal l  al l ow manual  i nt er r ogat i on of  
set poi nt ,  mode const ant s,  and val ues of  pr ocess var i abl es and out put s.

2. 13. 1. 3   Cont r ol l er  El ect r i cal  Requi r ement s

Cont r ol l er  shal l  be power ed by 120 Vac.   Cont r ol l er  shal l  pr ovi de 
el ect r i cal  noi se i sol at i on,  not  l ess t han 100 dB at  60 Hz common mode 
r ej ect i on r at i o,  and not  l ess t han 60 dB at  60 Hz nor mal  mode r ej ect i on 
r at i o bet ween ac power  l i ne and pr ocess var i abl e i nput ,  r emot e set poi nt  
i nput ,  and out put  s i gnal s.

2. 13. 1. 4   Cont r ol l er  Accur acy

Cont r ol l er  shal l  have an accur acy of  pl us or  mi nus 0. 30 per cent  of  i nput  
span,  pl us or  mi nus one di gi t .

2. 13. 1. 5   Cont r ol l er  Sel f  Tuni ng

Cont r ol l er  sel f - t uni ng oper at i on shal l  appl y pr opor t i onal ,  i nt egr al ,  and 
der i vat i ve modes of  cont r ol ;  mode const ant s shal l  be modi f i ed as 
r equi r ed.    Sel f  t uni ng shal l  onl y oper at e when sel ect ed f r om t he f r ont  
panel.

2. 13. 1. 6   Cont r ol l er  Manual  Tuni ng

Cont r ol l er  manual  t uni ng oper at i on shal l  pr ovi de pr opor t i onal ,  i nt egr al ,  
and der i vat i ve cont r ol  modes,  or  any combi nat i on t her eof ,  by means of  
i ndi v i dual  mode const ant  adj ust ment s.   Adj ust ment s shal l  be set  f or  t he 
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appr opr i at e val ue i f  a par t i cul ar  cont r ol  mode act i on i s desi r ed,  or  t o 
zer o f or  t he par t i cul ar  mode not  desi r ed.   The pr opor t i onal  mode const ant  
shal l  be adj ust abl e f r om 0 t o 200 per cent  of  i nput  s i gnal  r ange;  t he 
i nt egr al  mode const ant  shal l  be adj ust abl e f r om 0 t o 20 r epet i t i ons per  
mi nut e;  and t he der i vat i ve mode const ant  shal l  be adj ust abl e f r om 0 t o 5 
minutes.

2. 13. 2   Pneumat i c Cont r ol l er s

**************************************************************************
NOTE:   I ndi cat e on dr awi ngs i n sequence of  
oper at i on,  t he f ol l owi ng cont r ol l er  char act er i st i cs:

1.   Type of  set poi nt  adj ust ment :   l ocal  or  r emot e.   
Speci f y " f i el d sel ect abl e"  wher e f ut ur e pr ovi s i ons 
f or  r emot e set poi nt  may be f or eseen,  or  wher e 
s i mi l ar  uni t s,  a por t i on of  whi ch r equi r es r emot e 
adj ust ment ,  ar e t o be used at  r emot e j ob s i t es.

2.   Type of  i nput  por t s:   s i ngl e or  dual .

3.   Type of  i nput s:   pr i mar y wi t h s i ngl e i nput  
por t s,  or  pr i mar y and secondar y wi t h dual  i nput  
ports.

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

Cont r ol l er s shal l  be t wo- pi pe devi ces whi ch use mai n ai r  suppl i ed t o 
cont r ol l er  and pneumat i c r el ay t o pr oduce t he cont r ol l er  out put  s i gnal .  
Cont r ol l er s shal l  have f i el d sel ect abl e l ocal  and r emot e adj ust abl e 
set poi nt s,  and an adj ust abl e pr opor t i onal  band f or  anal og ( pr opor t i onal )  
cont r ol  or  an adj ust abl e di f f er ent i al  f or  bi nar y ( t wo- posi t i on or  f l oat i ng)  
cont r ol .   Cont r ol l er s shal l  have s i ngl e-  or  dual - i nput  por t s as r equi r ed 
f or  t he appl i cat i on and f i el d sel ect abl e di r ect  or  r ever se act i on f or  
i nput s.   Dual  i nput  cont r ol l er s shal l  have adj ust abl e secondar y i nput  
aut hor i t y.   Cont r ol l er s shal l  have i nt egr al  gage or  t est  connect i ons f or  
t est i ng or  i ndi cat i on of  i nput  and out put  s i gnal s.

2. 13. 3   Anal og El ect r oni c Cont r ol l er s

Cont r ol l er s shal l  be sol i d- st at e el ect r oni c devi ces whi ch sense t he 
di f f er ence bet ween i nput  sensor  anal og val ues ( r es i st ance or  vol t age)  and 
set poi nt  adj ust ment  anal og val ues ( r esi st ance or  vol t age) ,  and shal l  
ampl i f y t he di f f er ence si gnal  t o pr ovi de t he out put  s i gnal .   Cont r ol l er s 
shal l  i ncl ude t he f ol l owi ng:

a.   Pr opor t i onal  band:   2. 5 t o 33 per cent  of  i nput  devi ce span.

b.   Aut hor i t y:   mi ni mum of  33 t o 200 per cent .

c.   I nput s:   t her mi st or ,  r esi st ance,  t r ansmi t t er ,  or  out put  of  ot her  
el ect r oni c cont r ol l er s.

d.   Out put s:   wi t hi n t he r ange of  mi nus 5 t o 20 Vdc or  a 4 t o 20 mA dc 
cur r ent  l oop.

e.   Remot e set poi nt  adj ust ment  ( SPA) :   pl us or  mi nus 10 per cent  of  
i nput  devi ce span.
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2. 13. 4   Uni t ar y Cont r ol  Syst ems

**************************************************************************
NOTE:   Ener gy- ef f i c i ent  t emper at ur e cont r ol  syst ems 
shoul d be used f or  smal l  syst ems as wel l  as l ar ge 
syst ems.   Syst ems t hat  ot her wi se ar e not  cost  
ef f ect i ve may use pr ogr ammabl e cont r ol l er s t hat  ar e 
commer ci al l y  avai l abl e f or  HVAC appl i cat i ons.   These 
ar e chi ef l y st agi ng t ype cont r ol l er s but  some do 
i ncor por at e modul at i ng out door  ai r  damper  cont r ol .   
Cont r ol l er s ar e avai l abl e t o cont r ol  cool i ng i n t wo 
st eps wi t h ei t her  t wo or  f our  heat i ng st eps,  and i n 
t hr ee cool i ng st eps wi t h t hr ee heat i ng st eps.

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

Uni t ar y cont r ol  syst ems shal l  be ener gy- ef f i c i ent ,  mi cr o- pr ocessor - based 
t emper at ur e cont r ol l er s and associ at ed devi ces t hat  do not  r equi r e 
Cont r act or - gener at ed sof t war e.   Pr ovi de cont r ol  syst ems wi t h [ i nt egr al ]  
[ or ]  [ r emot e]  sensor  as i ndi cat ed.   Cont r ol l er s shal l  oper at e heat i ng,  
cool i ng,  and vent i l at i ng modes wi t h i ndependent  occupi ed and unoccupi ed 
set t i ngs f or  each of  7 consecut i ve days.   Cool i ng shal l  be cont r ol l ed i n 
[ t wo]  [ t hr ee]  st eps and heat i ng shal l  be cont r ol l ed i n [ t wo]  [ t hr ee]  [ f our ]  
st eps wi t h modul at i ng cont r ol  pr ovi ded f or  t he vent i l at i on mode.   Pr ovi de 
t emper at ur e changeover  cont r ol  t o l i mi t  t he vent i l at i on mode when out door  
ai r  t emper at ur e i s not  suf f i c i ent l y l ow f or  " f r ee- cool i ng. "   Pr ovi s i on 
shal l  be made f or  [ aut omat i c]  [ manual ]  changeover  bet ween heat i ng and 
cool i ng modes,  pr ovi di ng a one mi nut e mi ni mum t i me del ay bet ween t he st ar t  
and st op oper at i on of  heat i ng and cool i ng st ages upon st ar t up and af t er  
power  f ai l ur e t o pr event  shor t  cycl i ng and power  sur ges.   Pr ovi de an 
opt i mum st ar t up pr ogr am t o mi ni mi ze war m- up or  cool - down per i ods pr i or  t o 
t he occupi ed mode.   Out si de ai r  damper s shal l  be c l osed dur i ng t he opt i mum 
st ar t up pr ogr am unl ess out s i de ai r  i s  benef i c i al  f or  cool - down i n l i eu of  
mechani cal  cool i ng.   Fan shal l  oper at e cont i nuousl y dur i ng t he occupi ed 
mode and shal l  cycl e dur i ng t he unoccupi ed mode f or  heat i ng or  cool i ng.   
Pr ovi de bat t er y backup t o r et ai n pr ogr ams and mai nt ai n c l ock oper at i on f or  
48 hour s mi ni mum dur i ng power  out ages.   Cont r ol l er  shal l  have a 
sel f - di agnost i c pr ogr am t o i ndi cat e er r or s and l ocki ng cover s t o pr event  
unaut hor i zed pr ogr am ent r i es.   Pr ovi de a conveni ent  means t o r est or e t he 
occupi ed mode of  oper at i on f or  a mi ni mum 2- hour  per i od wi t hout  r emovi ng 
cover s.   An i ndexi ng swi t ch shal l  al l ow oper at i on i n a cont i nuous 
unoccupi ed mode dur i ng abnor mal  per i ods wi t hout  changi ng nor mal  pr ogr ams.   
[ Ser vi c i ng t ool  r equi r ed t o pl ace t he uni t ar y cont r ol  syst em i n use shal l  
be a hand- hel d devi ce used t o adj ust  and moni t or  set poi nt s,  cont r ol l ed 
devi ce posi t i ons,  i nput  sensor  val ues,  and ot her  cont r ol  syst em par amet er s. ]

2. 13. 5   Pneumat i c Low- Range Pr essur e Cont r ol l er s f or  Duct wor k Appl i cat i ons

Cont r ol l er s shal l  pr ovi de t wo- pi pe,  pi l ot - oper at ed cont r ol  wi t h pneumat i c 
f eedback and pr opor t i onal  act i on.   Sensi ng el ement s shal l  be di f f er ent i al  
t ype wi t h pr essur e r anges appr opr i at e f or  i nt ended ser vi ce.   One el ement  
shal l  measur e t he var i abl e whi l e t he ot her  el ement  measur es t he st andar d 
r ef er ence.   St at i c pr essur e cont r ol l er s shal l  have s l ack di aphr agms wi t h 
st andar d r anges bet ween 0 t o 1494 Pa 0 t o 6 i nches wat er  gage and an 
adj ust abl e t hr ot t l i ng r ange of  5 t o 125 Pa 0. 02 t o 0. 5 i nch wat er  gage.   
Sensi ng el ement  shal l  be mount abl e i n duct wor k and shal l  measur e st at i c 
pr essur e wi t hout  pul sat i ons.
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2. 13. 6   Pneumat i c Di f f er ent i al  Pr essur e Cont r ol l er s f or  Li qui d Appl i cat i ons

Di f f er ent i al  pr essur e cont r ol l er s shal l  have a mi ni mum r ange of  0 t o 345 
kPa ( gage)  or  0 t o 1724 kPa ( gage)  0 t o 50 psi g or  0 t o 250 psi g as 
speci f i ed or  r equi r ed f or  t he appl i cat i on and shal l  have an adj ust abl e 
t hr ot t l i ng r ange of  7 t o 172 kPa ( gage)  1 t o 25 psi g.   Sensi ng el ement  
shal l  be f i l l ed di aphr agm t ype wi t h t hr ee- val ve mani f ol d f or  i sol at i on and 
nul l i ng.   Pr ovi de syphons and pr essur e snubber s.

2. 14   CONTROL DEVI CES AND ACCESSORI ES

Pr ovi de cont r ol  devi ces and accessor i es.

2. 14. 1   Funct i on Modul es

Funct i on modul es shal l  accept  mA dc anal og i nput  s i gnal s t o pr oduce anal og 
out put  s i gnal s or  cont act  out put  s i gnal s.   Modul es shal l  have zer o and span 
adj ust ment s f or  anal og out put s,  and set poi nt  adj ust ment s f or  cont act  
outputs.

2. 14. 1. 1   Mi ni mum Posi t i on Swi t ches and Temper at ur e Set poi nt  Devi ces

Mi ni mum posi t i on swi t ches and t emper at ur e set poi nt  devi ces shal l  accept  
manual  i nput  and shal l  pr oduce st eady anal og out put .   Swi t ches and devi ces 
shal l  be sui t abl e f or  r ecessed wal l  mount i ng or  panel  mount i ng and shal l  
have a gr aduat ed di al .

2. 14. 1. 2   Si gnal  I nver t er  Modul es

Si gnal  i nver t er  modul es shal l  accept  anal og i nput  s i gnal  and pr oduce anal og 
out put  s i gnal  t hat  l i near l y r ever ses t he di r ect i on of  s i gnal  change of  
i nput  ver sus out put .

2. 14. 1. 3   Hi gh- Low Si gnal  Sel ect or  Modul es

Hi gh- l ow si gnal  sel ect or  modul es shal l  accept  anal og i nput  s i gnal s and 
sel ect  ei t her  t he hi ghest  or  t he l owest  i nput  s i gnal  as t he out put  s i gnal .

2. 14. 1. 4   Sequencer  Modul es

Sequencer  modul es shal l  pr ovi de f i xed t i me del ayed sequenci ng of  one or  
mor e cont act  t r ansf er s f r om an anal og i nput  s i gnal .   Sequencer s shal l  
r et ur n cont act s t o t hei r  zer o i nput  s i gnal  condi t i on when power  i s 
interrupted.

2. 14. 2   Relays

Rel ays shal l  be t wo- pol e,  doubl e- t hr ow ( DPDT)  wi t h a 10- amper e r esi st i ve 
r at i ng at  [ 120]  [ 24]  Vac,  and shal l  have an encl osed coi l .   Pr ovi de wi t h a 
l i ght  i ndi cat or  whi ch i s l i t  when t he coi l  i s  ener gi zed and i s not  l i t  when 
t he coi l  i s  not  ener gi zed.

2. 14. 3   Ti me- Del ay Rel ays

Ti me- del ay r el ays shal l  be DPDT wi t h oct al  connect or s and dust  cover s.   The 
adj ust abl e t i mi ng r ange shal l  be [ 0 t o 3 mi nut es]  [ _____] .
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2. 14. 4   Ti me Cl ocks

**************************************************************************
NOTE:   I ndi cat e t i me cl ock t o aut omat i cal l y  i ndex t o 
day or  ni ght  t her most at s;  cont r ol  syst em shal l  
f unct i on on Sat ur day and Sunday as speci f i ed f or  
ni ght  cool i ng and heat i ng.   The second cl ock c i r cui t  
of  t he same cl ock t hat  cont r ol s HVAC ai r  del i ver y 
syst em t i mi ng shal l  be used t o mai nt ai n out s i de ai r  
damper s c l osed f r om begi nni ng of  ni ght  per i od 
t hr ough t he mor ni ng war m- up per i od.

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

Ti me cl ocks shal l  be a 24- hour ,  365- day pr ogr ammabl e t i mi ng devi ce wi t h t wo 
i ndependent l y t i med ci r cui t s.   Cl ocks shal l  have a manual  schedul i ng keypad 
and al phanumer i c di spl ay of  t i mi ng par amet er s.   Ti mi ng par amet er s shal l  
i ncl ude Gr egor i an cal endar  dat e f or  mont h,  day and day- of - mont h i ndi cat i on;  
and 24- hour  t i me- of - day di spl ay,  wi t h one- mi nut e r esol ut i on f or  pr ogr ammi ng 
t he ON and OFF t i mes f or  each ci r cui t .   Ci r cui t s shal l  have pr ogr ammabl e 
t i med over r i de f r om 1 t o 99 mi nut es.   Cl ocks shal l  have capaci t y f or  
pr ogr ammi ng f our  ON event s and f our  OFF event s f or  each ci r cui t .   
Pr ogr ammed event s shal l  be assi gnabl e t o a 365- day schedul e.   Cl ocks shal l  
have aut omat i c st andar d t i me and dayl i ght  savi ng t i me adj ust ment s,  keyed t o 
i nput  of  appr opr i at e dat es.   Pr ovi de c l ocks wi t h 4- day bat t er y backup.

2. 14. 5   Over r i de Ti mer

**************************************************************************
NOTE:   Mechani cal  over r i de t i mer ,  when act i vat ed,  
shal l  bypass t he t i me cl ock and act i vat e t he day 
heat i ng or  cool i ng and vent i l at i on cont r ol s f or  
assi gned uni t s.   Upon expi r at i on of  t i mer  oper at i on,  
t he cont r ol  syst em shal l  r et ur n t o nor mal  mode.

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

Over r i de t i mer s shal l  be manual l y  set ,  mechani cal l y dr i ven t i mer s,  or  
el ect r oni c t i mer s,  wi t hout  a " hol d"  f eat ur e.   Ti me i nt er val s shal l  be 
sel ect abl e f or  up t o 12 hour s of  oper at i on and shal l  expi r e unl ess r eset .

2. 14. 6   Cur r ent - t o- Pneumat i c ( I P)  Tr ansducer s

Tr ansducer s shal l  be t wo- wi r e t r ansmi t t er s whi ch conver t  an i nput  s i gnal  t o 
21 t o 103 kPa ( gage)  or  103 t o 21 kPa ( gage)  3 t o 15 psi g or  15 t o 3 psi g 
pneumat i c out put ,  wi t h a conver si on accur acy of  pl us or  mi nus 2 per cent  of  
f ul l  scal e,  i ncl udi ng l i near i t y and hyst er esi s.   Ai r  consumpt i on shal l  not  
be gr eat er  t han 0. 12 L/ s 0. 25 scf m.

2. 14. 7   Regul at ed Power  Suppl i es

Power  suppl i es shal l  pr ovi de a 24- Vdc l i near  suppl y at  not  l ess t han 2 
amper es,  wi t h r egul at i on t o 0. 05 per cent  of  out put  vol t age.   Power  suppl i es 
shal l  have a f used i nput ,  and shal l  be pr ot ect ed f r om vol t age sur ges and 
power - l i ne t r ansi ent s.   Power  suppl y out put  shal l  be pr ot ect ed agai nst  
over vol t age and shor t  c i r cui t s.   Power  suppl y l oadi ng shal l  not  be gr eat er  
t han 1. 2 amper es.

2. 14. 8   Transformers

**************************************************************************
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NOTE:   I ndi cat e a backup t r ansf or mer  connect ed t o an 
al t er nat e vol t age suppl y f or  syst ems connect ed t o 
cr i t i cal  ar eas wher e cont i nuous oper at i on i s 
necessary.

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

UL 508 and NEMA ST 1 as appl i cabl e.   Tr ansf or mer s,  ot her  t han t r ansf or mer s 
i n br i dge c i r cui t s,  shal l  have pr i mar i es wound f or  avai l abl e vol t age and 
secondar i es wound f or  cor r ect  cont r ol  c i r cui t  vol t age.    Tr ansf or mer s shal l  
be s i zed so t hat  connect ed l oads equal  80 per cent  of  r at ed capaci t y .   
Tr ansf or mer s shal l  be encl osed i n r ust pr oof ,  gal vani zed st eel  cabi net s wi t h 
condui t  connect i ons.   Di sconnect  swi t ch shal l  be pr ovi ded on t he pr i mar y 
s i de,  and a f use cut out  on t he secondar y s i de.    [ For  syst ems ser vi ng ]  
[ _____]  [ or ]  [ as i ndi cat ed] ,  pr ovi de backup power  suppl y i ncl udi ng 
t r ansf or mer s connect ed t o [ t he emer gency power  sour ce]  [ _____] .   [ Pr ovi de 
f or  aut omat i c swi t chover  and al ar m upon f ai l ur e of  pr i mar y cont r ol  c i r cui t . ]

2. 14. 9   Pi l ot  Li ght s and Manual  Swi t ches

Devi ce i l l umi nat i on shal l  be by l i ght - emi t t i ng di ode ( LED)  or  neon l amp.   
Swi t ches shal l  have oper at i ng l ever s and i ndex pl at es showi ng swi t ch 
posi t i ons and names of  appar at us cont r ol l ed or  ot her  appr opr i at e 
designations.

2. 15   HVAC SYSTEM CONTROL PANELS

Pr ovi de HVAC syst em cont r ol  panel s.

2. 15. 1   Panel  Assembl y

Panel  shal l  be f abr i cat ed f or  bot t om ent r y connect i on f or  cont r ol  syst em 
el ect r i c  power ,  cont r ol  syst em mai n ai r  sour ce,  cont r ol  syst em wi r i ng,  
pneumat i c t ubi ng,  i nt er connect i on of  cont r ol  syst ems,  i nt er connect i on of  
st ar t er s,  and ext er nal  shut down devi ces.   Panel  shal l  have an oper at i ng 
t emper at ur e r i se of  not  gr eat er  t han 11 degr ees C 20 degr ees F above an 
ambi ent  t emper at ur e of  38 degr ees C 100 degr ees F.

2. 15. 2   Panel  El ect r i cal  Requi r ement s

Cont r ol  panel  shal l  be power ed by nomi nal  120 Vac t er mi nat i ng at  panel  on 
t er mi nal  bl ocks.   I nst r ument  cases shal l  be gr ounded.   I nt er i or  and 
ext er i or  panel  encl osur es shal l  be gr ounded.

2. 15. 3   Enclosures

**************************************************************************
NOTE:   I ndi cat e NEMA cl ass f or  each panel .

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

Encl osur es f or  each panel  shal l  be a s i ngl e door ,  wal l - mount ed box 
conf or mi ng t o NEMA 250 wi t h a cont i nuous hi nged and gasket ed ext er i or  door  
wi t h a pr i nt  pocket ,  key l ock,  and i nt er i or  back panel .   I nsi de f i ni sh 
shal l  be whi t e enamel ,  and out s i de f i ni sh shal l  be gr ay pr i mer  over  
phosphat i zed sur f aces.

2. 15. 4   Mount i ng and Label i ng

Pr ovi de pi l ot  l i ght s,  swi t ches,  panel - mount ed cont r ol  devi ces,  and pr essur e 
gages shal l  be mount ed on t he door .   Power  condi t i oner s,  f uses,  and dupl ex 
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out l et s shal l  be mount ed on t he i nt er i or  of  t he cabi net .   Ot her  component s 
housed i n t he panel  shal l  be mount ed on t he i nt er i or  back panel  sur f ace of  
t he encl osur e and shal l  be i dent i f i ed by pl ast i c or  met al  namepl at es whi ch 
ar e mechani cal l y  at t ached t o t he panel .   Let t er i ng shal l  be cut  or  st amped 
i nt o t he namepl at e t o a dept h of  not  l ess t han 0. 4 mm 1/ 64 i nch,  and shal l  
have cont r ast i ng col or ,  pr oduced by f i l l i ng wi t h enamel  or  l acquer  or  by 
use of  l ami nat ed mat er i al .   Pai nt i ng of  l et t er i ng di r ect l y on t he sur f ace 
of  t he door  or  i nt er i or  back panel  i s  not  per mi t t ed.

2. 15. 5   Wi r i ng and Tubi ng

a.   Pneumat i c devi ce i nput s and out put s shal l  be pi ped t o bul khead 
f i t t i ngs i n t he bot t om of  t he panel  wi t h a 50 mm 2 i nch l oop t o 
f aci l i t at e r epl acement .   El ect r i c ,  el ect r oni c,  and 
el ect r opneumat i c devi ce s i gnal s ent er i ng and l eavi ng t he panel  
shal l  be wi r ed t o i dent i f i ed t er mi nal  bl ocks.

b.   Wi r i ng shal l  be i nst al l ed i n wi r i ng duct s so t hat  devi ces can be 
added or  r epl aced wi t hout  di st ur bi ng exi st i ng wi r i ng t hat  i s  not  
af f ect ed by t he change.   Wi r i ng t o s i ngl e- l oop cont r ol l er s shal l  
have a 100 mm 4 i nch wi r i ng l oop i n t he hor i zont al  wi r i ng duct  at  
each wi r i ng connect i on.   Ther e shal l  be no wi r i ng spl i ces wi t hi n 
t he cont r ol  panel .   I nt er connect i ons r equi r ed f or  power  or  s i gnal s 
shal l  be made on devi ce t er mi nal s,  i f  avai l abl e,  or  panel  t er mi nal  
bl ocks,  wi t h not  mor e t han t wo wi r es connect ed t o each t er mi nal .

c.   I nst r ument  s i gnal  gr ounds at  t he same r ef er ence l evel  shal l  end at  
a gr oundi ng t er mi nal  connect ed t o a common gr ound poi nt  f or  t hat  
l evel .   Wi r i ng shi el d gr ounds at  t he same r ef er ence l evel  shal l  
end at  a gr oundi ng t er mi nal  connect ed t o a common gr ound poi nt  f or  
t hat  l evel .   Gr oundi ng t er mi nal  bl ocks shal l  be i dent i f i ed by 
r ef er ence l evel .

d.   Wi r i ng connect ed t o cont r ol l er s shal l  be i dent i f i ed by f unct i on 
and pol ar i t y,  e. g. ,  pr ocess var i abl e i nput  and r emot e set poi nt  
i nput  and out put .

2. 16   COMPRESSED AI R STATI ONS

Pr ovi de compr essed ai r  st at i ons.

2. 16. 1   Ai r  Compr essor  Assembl y

**************************************************************************
NOTE:   I n t hat  ar e addi t i ons t o exi st i ng cont r ol  
syst ems,  do not  add addi t i onal  l oads or  r euse 
exi st i ng cont r ol  compr essor  unl ess i t  i s  ver i f i ed by 
t he desi gner  t hat  i t  has ampl e capaci t y and i s 
dependabl e.   I f  exi st i ng compr essor  i s  t o be r eused,  
so speci f y and i ndi cat e i t s  l ocat i on on dr awi ngs.

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

[ a.   Compr essor  shal l  be equi pped wi t h an el ect r i c  mot or  wi t h a t ot al l y  
encl osed bel t  guar d,  oper at i ng pr essur e swi t ch,  saf et y r el i ef  
val ves,  gages,  i nt ake f i l t er ,  and i nt ake s i l encer .   Compr essor  
shal l  have combi nat i on t ype magnet i c st ar t er  wi t h under vol t age 
pr ot ect i on and t her mal  over l oad pr ot ect i on f or  each phase.    
Compr essor  shal l  be suppor t ed by a st eel  base mount ed on an ai r  
st or age t ank.   Ai r  compr essor  shal l  be s i zed t o suppl y compr essed 
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ai r  r equi r ed by t he cont r ol  syst em whi l e oper at i ng not  mor e t han 
one- t hi r d of  t he t i me.

]
**************************************************************************

NOTE:   Regar di ng t he t ext  bel ow,  pr ovi de dupl ex ai r  
compr essor s f or  syst ems havi ng gr eat er  t han 50 
cont r ol  ai r  user s or  gr eat er  t han 0. 71 L/ s 1. 5 cubi c 
f eet  per  mi nut e of  f r ee ai r .

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

[ b.   Compr essor  shal l  be a dupl ex machi ne.   Compr essor  shal l  be 
equi pped wi t h an el ect r i c  mot or  wi t h a t ot al l y  encl osed bel t  
guar d,  oper at i ng pr essur e swi t ch,  saf et y r el i ef  val ve,  cyl i nder  
unl oader  or  sol enoi d unl oader ,  i nt ake f i l t er ,  and i nt ake 
s i l encer .   Pr ovi de an al t er nat or  and t wo magnet i c st ar t er s wi t h 
under vol t age pr ot ect i on and t her mal  over l oad pr ot ect i on f or  each 
phase.    Compr essor s shal l  be suppor t ed on a st eel  base mount ed on 
an ai r  st or age t ank.   Compr essor  shal l  be s i zed t o t he cont r ol  
syst em compr essed ai r  r equi r ement  whi l e oper at i ng not  mor e t han 
one- hal f  of  t he t i me.

] c.   Compr essed ai r  st or age t ank shal l  be f abr i cat ed f or  wor ki ng 
pr essur e of  not  l ess t han 1379 kPa ( gage)  200 psi g,  and 
const r uct ed and cer t i f i ed i n accor dance wi t h ASME BPVC.   Tank 
shal l  be of  suf f i c i ent  vol ume so t hat  no mor e t han si x compr essor  
st ar t s per  hour  ar e r equi r ed wi t h t he st ar t i ng pr essur e swi t ch 
di f f er ent i al  set  at  138 kPa 20 psi  di f f er ent i al .   Tank shal l  be 
pr ovi ded wi t h an aut omat i c condensat e dr ai n t r ap wi t h a manual  
over r i de f eat ur e.

2. 16. 2   Compr essed Ai r  St at i on Speci al t i es

a.   Pr essur e r egul at or  and r ef r i ger at ed ai r  dr yer  shal l  be pr ovi ded i n 
t he ai r  out l et  l i ne of  t he ai r  st or age t ank.   Dr yer  shal l  be s i zed 
f or  f ul l  ai r  del i ver y capaci t y of  compr essor .   Ai r  shal l  be dr i ed 
at  a pr essur e of  not  l ess t han 483 kPa ( gage)  70 psi g t o a 
t emper at ur e not  gr eat er  t han 2 degr ees C 35 degr ees F.   Dr yer  
shal l  be pr ovi ded wi t h an aut omat i c condensat e dr ai n t r ap wi t h a 
manual  over r i de f eat ur e.

b.   Two par al l el  combi nat i on di r t  and coal esci ng t ype oi l  f i l t er s wi t h 
shut of f  val ves and pr essur e r egul at or s shal l  be pr ovi ded i n t he 
dr yer  di schar ge.   Ai r  f i l t r at i on syst em shal l  be r at ed f or  f ul l  
del i ver y capaci t y of  compr essor .   Fi l t er  shal l  be 100 per cent  
ef f i c i ent  f or  par t i c l e di amet er s down t o 0. 3 mi cr ons.   Fi l t er  bowl  
shal l  be r at ed f or  1034 kPa ( gage)  150 psi g maxi mum wor ki ng 
pr essur e.   One of  t he f i l t er s shal l  ser ve as a st andby.   Pr essur e 
r egul at or  and saf et y val ve shal l  be pr ovi ded downst r eam of  t he 
filter.

c.   Fl exi bl e pi pe connect or s shal l  be desi gned f or  1034 kPa ( gage)  and 
121 degr ees C 150 psi  and 250 degr ees F ser vi ce,  and shal l  be 
const r uct ed of  r ubber ,  t et r af l uor oet hyl ene r esi n,  or  br ai ded 
cor r osi on- r esi st ant  st eel ,  br onze,  monel ,  or  gal vani zed st eel .   
Connect or s shal l  be sui t abl e f or  ser vi ce i nt ended and may have 
t hr eaded or  sol der ed ends.   Lengt h of  connect or s shal l  be as 
r ecommended by t he manuf act ur er  f or  ser vi ce i nt ended.

d.   Vi br at i on i sol at i on uni t s shal l  be st andar d pr oduct s wi t h 
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publ i shed l oadi ng r at i ngs,  and shal l  be s i ngl e r ubber - i n- shear ,  
doubl e r ubber - i n- shear ,  or  spr i ng t ype.

2. 17   ELECTRONI C VARI ABLE AI R VOLUME VAV TERMI NAL UNI T CONTROLS

Pr ovi de el ect r oni c VAV t er mi nal  uni t  cont r ol s.

2. 17. 1   VAV Ter mi nal  Uni t s

**************************************************************************
NOTE:  For  NAVFAC LANT pr oj ect s t hat  use t he r egi onal  
speci f i cat i ons,  r ef er  t o NAVFAC LANT r egi onal  
speci f i cat i on NFGS 23 73 33. 00 22 HEATI NG,  
VENTI LATI NG AND COOLI NG SYSTEMS.

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

VAV t er mi nal  uni t s shal l  be as speci f i ed i n Sect i on 23 00 00 AI R SUPPLY,  
DI STRI BUTI ON,  VENTI LATI ON,  AND EXHAUST SYSTEMS.

2. 17. 2   Ter mi nal  Uni t  Cont r ol s

a.   UL 916 and FCC Par t  15.   Cont r ol s f or  pr essur e i ndependent  boxes 
shal l  consi st  of  a vel oci t y sensi ng devi ce i n t he pr i mar y ai r  
ent er i ng box,  a r oom t emper at ur e sensi ng el ement ,  a damper  
act uat or ,  and an adj ust abl e mi cr opr ocessor - based VAV box 
cont r ol l er .   Cont r ol s shal l  oper at e a damper  f or  cool i ng [ and a 
duct  coi l  f or  heat i ng] .   Act uat or  shal l  open or  c l ose t he devi ce 
t o whi ch i t  i s  appl i ed wi t hi n 6 mi nut es.

b.   Cont r ol s f or  pr essur e i ndependent  boxes wi t h r eci r cul at i ng f ans 
shal l  consi st  of  a vel oci t y sensi ng devi ce i n t he pr i mar y ai r  
ent er i ng t he box,  a r oom t emper at ur e sensi ng el ement ,  an 
adj ust abl e mi cr opr ocessor - based VAV box cont r ol l er ,  a damper  wi t h 
act uat or ,  and a duct  pr essur e swi t ch t o oper at e t he r eci r cul at i on 
f an.    Cont r ol l er  shal l  oper at e t he damper  f or  cool i ng and t he 
r eci r cul at i ng f an [ and duct  coi l ]  f or  heat i ng.

c.   One hand- hel d communi cat i on and pr ogr ammi ng devi ce wi t h an 
i nst r uct i on manual ,  pl us one addi t i onal  hand- hel d communi cat i on 
devi ce and i nst r uct i on manual  per  100 t er mi nal  uni t s,  shal l  be 
pr ovi ded.   Communi cat i on and pr ogr ammi ng devi ce shal l  connect  
di r ect l y t o t he cont r ol l er  or  t o a j ack at  t he r oom t emper at ur e 
sensi ng el ement  l ocat i on.   Communi cat i on and pr ogr ammi ng devi ce 
shal l  be used t o r ead and set  mi ni mum vel oci t y,  maxi mum vel oci t y,  
heat i ng set poi nt ,  and cool i ng set poi nt ,  and t o r ead ai r  vel oci t y 
and space t emper at ur e.

2. 18   CONTROL TUBI NG AND WI RI NG

Pr ovi de HVAC cont r ol  t ubi ng and wi r i ng.

2. 18. 1   Tube and Fi t t i ngs

**************************************************************************
NOTE:   Syst ems t hat  ar e cr i t i cal  and r equi r ed f or  
smoke r emoval  oper at i on shal l  have t ubi ng of  
noncombust i bl e mat er i al  onl y.

**************************************************************************
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2. 18. 1. 1   Copper  Tubi ng

ASTM B75/ B75M or  ASTM B88M ASTM B88.   Tubi ng 10 mm 0. 375 i nch out s i de 
di amet er  and l ar ger  shal l  have a mi ni mum wal l  t hi ckness equal  t o ASTM B88M 
ASTM B88,  Type M.  Tubi ng l ess t han 10 mm 0. 375 i nch out s i de di amet er  shal l  
have a mi ni mum wal l  t hi ckness of  0. 64 mm 0. 025 i nch.   Conceal ed t ubi ng 
shal l  be har d or  sof t  copper ;  mul t i pl e t ubi ng shal l  be r acked or  bundl ed.   
Exposed t ubi ng shal l  be har d copper ;  r ack mul t i pl e t ubi ng.   Tubi ng f or  
wor ki ng pr essur es gr eat er  t han 206 kPa ( gage)  30 psi g shal l  be har d copper .  
Bundl ed t ubi ng shal l  have each t ube number ed each 2. 0 met er s s i x f eet  
mi ni mum.  Racked and i ndi v i dual  t ubes shal l  be per manent l y i dent i f i ed at  
each end.  Fi t t i ngs shal l  be sol der  t ype ASME B16. 18 or  ASME B16. 22,  usi ng 
ASTM B32,  Pl umbi ng Code appr oved l ead- f r ee sol der ,  or  compr essi on t ype 
ASME B16. 26.

2. 18. 1. 2   Pol yet hyl ene Tubi ng

**************************************************************************
NOTE:   I f  t he bui l di ng has cr awl  spaces or  cei l i ngs 
wi t h openi ngs t o t he out s i de,  such as vent  l ouver s,  
pr ohi bi t  use of  bar e pol yet hyl ene t ubi ng i n t hese 
areas.

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

Pol yet hyl ene t ubi ng shal l  be pr ovi ded onl y f or  syst ems wi t h wor ki ng 
pr essur e of  206 kPa ( gage)  30 psi g or  l ess.  Pr ovi de f l ame- r esi st ant ,  
mul t i pl e pol yet hyl ene t ubi ng i n f l ame- r esi st ant  pr ot ect i ve sheat h wi t h 
Myl ar  bar r i er ,  or  unsheat hed f l ame- r esi st ant  pol yet hyl ene t ubi ng i n r i gi d 
met al ,  i nt er medi at e met al ,  or  el ect r i cal  met al l i c  t ubi ng condui t  f or  ar eas 
wher e t ubi ng i s exposed.  Si ngl e,  unsheat hed,  f l ame- r esi st ant  pol yet hyl ene 
t ubi ng may be used wher e conceal ed i n wal l s or  above cei l i ngs and wi t hi n 
cont r ol  panel s,  except  pr ohi bi t ed i n cr awl  spaces,  at t i cs,  and 
above- cei l i ng spaces t hat  ar e vent ed t o t he out door s.  Do not  pr ovi de 
pol yet hyl ene t ubi ng f or  [ syst ems i ndi cat ed as cr i t i cal  and]  smoke r emoval  
syst ems.  Number  each t ube i n sheat hi ng each t wo f eet  mi ni mum.  Per manent l y 
i dent i f y unsheat hed t ubi ng at  each end.  Pr ovi de compr essi on or  bar bed 
push- on t ype f i t t i ngs.  Ext r uded seaml ess pol yet hyl ene t ubi ng shal l  conf or m 
t o t he f ol l owi ng:

a.   Mi ni mum bur st  pr essur e r equi r ement s:   690 kPa ( gage)  at  24 degr ees 
C t o 172 kPa ( gage)  at  66 degr ees C 100 psi g at  75 degr ees F t o 25 
psi g at  150 degr ees F.

b.   St r ess cr ack r esi st ance:   ASTM D1693,  200 hour s mi ni mum.

c.   Tensi l e st r engt h ( mi ni mum) :   ASTM D638, ASTM D638,  7583 kPa 1100 psi .

d.   Fl ow r at e ( aver age) :   ASTM D1238,  0. 30 deci gr am per  mi nut e.

e.   Densi t y ( aver age) :   ASTM D792,  920 kg/ m3 57. 5 pounds per  cubi c f eet .

f .   Bur n r at e:   ASTM D635.

2. 18. 2   Wiring

a.   Ter mi nal  bl ocks shal l  be i nsul at ed,  modul ar ,  f eed- t hr ough,  c l amp 
st y l e wi t h r ecessed capt i ve scr ew- t ype c l ampi ng mechani sms.   
Ter mi nal  bl ocks shal l  be r ai l  mount ed,  and shal l  have end pl at es,  
par t i t i on pl at es or  encl osed si des f or  separ at i on.
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b.   Cont r ol  wi r i ng f or  24- V ci r cui t s shal l  be 18 AWG mi ni mum and shal l  
be r at ed f or  300- V ser vi ce.

c.   Wi r i ng f or  c i r cui t s oper at i ng at  mor e t han 100 V shal l  be 14 AWG 
mi ni mum and shal l  be r at ed f or  600- V ser vi ce.

d.   Anal og s i gnal  wi r i ng c i r cui t s  wi t hi n cont r ol  panel s shal l  not  be 
l ess t han 20 AWG and shal l  be r at ed f or  300- V ser v i ce.

e.   I nst r ument at i on cabl e shal l  be 18 AWG,  st r anded copper ,  s i ngl e or  
mul t i pl e t wi st ed,  mi ni mum 2- i nch l ay of  t wi st ,  100 per cent  
shi el ded pai r s,  and shal l  have 300- V i nsul at i on.   Each pai r  shal l  
have a 20- AWG t i nned copper  dr ai n wi r e,  i ndi v i dual  pai r ,  and 
over al l  i nsul at i on.   Cabl es shal l  have an over al l  al umi num 
pol yest er  or  t i nned over al l  copper  cabl e shi el d t ape,  20- AWG 
t i nned- copper  cabl e dr ai n wi r e,  and over al l  cabl e i nsul at i on.

f .   Nonconduct i ng wi r i ng duct s i n cont r ol  panel s shal l  have s l ot t ed 
s i de snap- on cover s,  f i t t i ngs f or  connect i ng duct s,  mount i ng c l i ps 
f or  secur i ng duct s,  and wi r e r et ai ni ng c l i ps.

PART 3   EXECUTI ON

3. 1   INSTALLATION

**************************************************************************
NOTE:   I ndi cat e access door s wher e r equi r ed f or  
ser vi c i ng mount ed devi ces.

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

Per f or m i nst al l at i on under  t he super vi s i on of  compet ent  t echni c i ans 
r egul ar l y empl oyed i n t he i nst al l at i on of  cont r ol  syst ems.   Pr ovi de 
component s f or  a compl et e and oper at i onal  cont r ol  syst em.   Pr ovi de cont r ol  
syst em compl et e and r eady f or  oper at i on,  as speci f i ed and i ndi cat ed.    
Pr ovi de di el ect r i c  i sol at i on wher e di ssi mi l ar  met al s ar e used f or  
connect i on and suppor t .   Penet r at i ons t hr ough and mount i ng hol es i n t he 
bui l di ng ext er i or  shal l  be wat er t i ght .   Cont r ol  syst em i nst al l at i on shal l  
pr ovi de adequat e c l ear ance f or  cont r ol  syst em mai nt enance by mai nt ai ni ng 
access spaces bet ween coi l s,  t o mi xed- ai r  pl enums,  and as r equi r ed t o 
cal i br at e,  r emove,  r epai r ,  or  r epl ace cont r ol  syst em devi ces.   Cont r ol  
syst em i nst al l at i on shal l  not  i nt er f er e wi t h t he c l ear ance r equi r ement s f or  
mechani cal  and el ect r i cal  syst em mai nt enance.   I nst al l  devi ces mount ed i n 
or  on pi pi ng or  duct wor k,  on bui l di ng sur f aces,  i n mechani cal  and 
el ect r i cal  spaces,  or  i n occupi ed space cei l i ngs i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons and as i ndi cat ed on cont r act  document s.   
Pr ovi de cont r ol  devi ces t o be i nst al l ed i n pi pi ng and duct wor k wi t h 
r equi r ed gasket s,  f l anges,  t her mal  compounds,  i nsul at i on,  pi pi ng,  f i t t i ngs,  
and manual  val ves f or  shut of f ,  equal i zat i on,  pur gi ng,  and cal i br at i on.   
Cer t i f y  t hat  i nst al l at i on of  cont r ol  syst em i s compl et e and t echni cal  
r equi r ement s of  t hi s sect i on have been met .

3. 1. 1   Sensors

Pr ovi de sensor s i n l ocat i ons t o sense t he appr opr i at e condi t i on.   I nst al l  
sensor  and t r ansmi t t er  wher e easi l y accessi bl e and ser vi ceabl e wi t hout  
speci al  t ool s.   Sensor s shal l  be cal i br at ed t o t he accur acy speci f i ed i n 
t he cont r act ,  and oper at e cor r ect l y when i nst al l ed.   Do not  i nst al l  sensor s 
desi gned f or  one appl i cat i on i n t he pl ace of  anot her  appl i cat i on ( e. g. ,  
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r epl aci ng a duct  sensor  wi t h a r oom sensor ) .

3. 1. 1. 1   Room Sensor s

Pr ovi de on i nt er i or  wal l s t o sense aver age r oom condi t i ons.   Avoi d 
l ocat i ons whi ch may be cover ed by of f i ce f ur ni t ur e.   Do not  mount  r oom 
sensor s on ext er i or  wal l s i f  ot her  l ocat i ons ar e avai l abl e.   Mount  
cent er l i ne of  sensor  1 1/ 2 met er s 5 f eet  above f i ni shed f l oor .

3. 1. 1. 2   Duct  Temper at ur e Sensor s

Pr ovi de sensor s i n duct wor k i n gener al  l ocat i ons as i ndi cat ed.   Sel ect  
speci f i c  sensor  l ocat i on wi t hi n duct  t o accur at el y sense appr opr i at e ai r  
t emper at ur es.   Locat e sensor  connect i on boxes i n posi t i on not  obst r uct ed by 
duct s or  equi pment .   I nst al l  gasket s bet ween sensor  housi ng and duct  
wal l .    Seal  duct  and i nsul at i on penet r at i ons.   I nst al l  duct  aver agi ng 
sensor s bet ween t wo r i gi d suppor t s i n ser pent i ne posi t i on t o sense aver age 
condi t i ons.   Sensor  shal l  have a t ot al  mi ni mum l engt h of  825 mm per  squar e 
met er  one l i near  f oot  per  4 squar e f eet  of  duct  ar ea.   Sensor  shal l  be 
mount ed a mi ni mum of  80 mm 3 i nches f r om out si de wal l  sur f ace.   Ther mal l y 
i sol at e t emper at ur e sensi ng el ement s f r om suppor t s.    Pr ovi de duct  access 
door s t o aver agi ng sensor s.

3. 1. 1. 3   I mmer si on Temper at ur e Sensor s

**************************************************************************
NOTE:   I ndi cat e pi pe s i ze i ncr eases f or  t her mowel l s 
i n smal l  di amet er  pi pi ng.

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

Pr ovi de t her mowel l s f or  sensor s measur i ng t emper at ur es i n l i qui d 
appl i cat i ons or  pr essur e vessel s.   Locat e wel l s t o sense cont i nuous f l ow 
condi t i ons.   Do not  i nst al l  wel l s  usi ng ext ensi on coupl i ngs.   Wher e pi pi ng 
di amet er s ar e smal l er  t han t he l engt h of  t he wel l s ,  pr ovi de wel l s i n pi pi ng 
at  el bows t o ef f ect  pr oper  f l ow acr oss ent i r e ar ea of  t he wel l .   Wel l s 
shal l  not  r est r i c t  f l ow ar ea t o l ess t han 70 per cent  of  pi pe ar ea.   
I ncr ease pi pi ng s i ze as r equi r ed t o avoi d r est r i c t i on.   Temper at ur e sensor s 
shal l  be i nst al l ed i n t her mowel l s  wi t h t her mal  t r ansmi ssi on mat er i al  t o 
speed t he r esponse of  t emper at ur e measur ement .   Pr ovi de t her mowel l s  wi t h 
seal i ng nut s t o cont ai n t her mal  t r ansmi ssi on mat er i al .

3. 1. 1. 4   St r ap- on Temper at ur e Sensor s

St r ap- on t emper at ur e sensor s,  usi ng hel i cal  scr ew st ai nl ess st eel  c l amps,  
shal l  be per mi t t ed on new hot  wat er  pi pi ng f or  on- of f  oper at i on,  and f or  
exi st i ng hot  wat er  pi pi ng s i zes not  gr eat er  t han 80 mm 3 i nches.   Cl ean t he 
pi pe t o br i ght  met al .   I nsul at e st r ap- on bul b and pi pe af t er  i nst al l at i on.   
Pr ovi de ot her  l i qui d t emper at ur e sensor s wi t h t her mowel l s.   Pr ovi de NEMA 250
 Type 4 encl osur es f or  out door  i nst al l at i ons.   Pr ovi de br ushed al umi num or  
br ushed st ai nl ess st eel  encl osur es f or  sensor s l ocat ed i n f i ni shed spaces.

3. 1. 1. 5   Out si de Ai r  Temper at ur e Sensor s

Pr ovi de out s i de ai r  t emper at ur e sensor  on nor t h s i de of  bui l di ng,  away f r om 
exhaust  hoods,  ai r  i nt akes,  and ot her  ar eas whi ch may af f ect  t emper at ur e 
r eadi ngs.   I nst al l  sunshi el ds t o pr ot ect  out s i de ai r  t emper at ur e sensor  
f r om di r ect  sunl i ght .
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3. 1. 1. 6   Low- Temper at ur e Pr ot ect i on Ther most at s ( Fr eezest at s)

Pr ovi de t her most at  f or  each [ 7. 5 squar e met er ]  [ 80 squar e f eet ]  [ _____]  of  
coi l - f ace ar ea t o sense t he t emper at ur e at  l ocat i on i ndi cat ed.   I nst al l  
t her most at  sensi ng el ement  i n ser pent i ne pat t er n.

3. 1. 2   Thermometers

Pr ovi de t her momet er s whi ch ar e i nst al l ed i n l i qui d syst ems i n t her mowel l s 
wi t h t her mal  t r ansmi t t i ng mat er i al s wi t hi n t he wel l  t o speed t he r esponse 
of  t emper at ur e measur ement .

3. 1. 3   Pr essur e Sensor s

3. 1. 3. 1   Duct  St at i c Pr essur e

Duct  st at i c pr essur e sensor  shal l  be l ocat ed wher e i ndi cat ed on dr awi ngs.   
I f  no l ocat i on i s i ndi cat ed,  i t  shoul d be l ocat ed appr oxi mat el y t wo- t hi r ds 
of  di st ance f r om suppl y f an t o t he end of  duct  wi t h gr eat est  pr essur e dr op.

3. 1. 3. 2   St eam Pr essur e

Pr ovi de snubber s and i sol at i on val ves on st eam pr essur e sensi ng 
applications.

3. 1. 4   Pr essur e Gages

Pr ovi de snubber s f or  gages i n pi pi ng syst ems subj ect  t o pul sat i on.   Gages 
f or  st eam ser vi ce shal l  have pi gt ai l  f i t t i ngs wi t h cocks.   I nst al l  pr essur e 
gages at  l ocat i ons i ndi cat ed.   Pneumat i c out put  l i nes shal l  have pr essur e 
gages mount ed near  t he cont r ol  panel .

3. 1. 5   Valves

Pr ovi de val ve wi t h st ems upr i ght  wher e possi bl e but  wi t h st ems not  l ower  
t han hor i zont al .   Pr ovi de posi t i oner s wher e i ndi cat ed and wher e necessar y 
t o pr event  over l ap of  heat i ng and cool i ng wher e one cont r ol l er  oper at es 
mor e t han one pneumat i c devi ce and t o mai nt ai n t he pr oper  dead band bet ween 
heat i ng and cool i ng.

3. 1. 6   Damper  Act uat or s

Pr ovi de damper  act uat or s so t hat  t he damper  seal i ng act i on i s smoot h and 
suf f i c i ent  t o mai nt ai n l eakage at  or  bel ow speci f i ed l eakage r at e.   
Mul t i pl e act uat or s oper at i ng a common damper  shal l  be connect ed t o a common 
dr i ve shaf t .   Pr ovi de posi t i oner s wher e i ndi cat ed and wher e necessar y t o 
pr event  over l ap of  heat i ng and cool i ng wher e one cont r ol l er  oper at es mor e 
t han one pneumat i c devi ce and t o mai nt ai n t he pr oper  dead band bet ween 
heat i ng and cool i ng.

3. 1. 7   Access Door s

Pr ovi de access door s i n duct wor k t o ser vi ce ai r f l ow moni t or i ng devi ces,  
devi ces wi t h aver agi ng el ement s,  and l ow- t emper at ur e pr ot ect i on t her most at s 
(freezestats).

3. 1. 8   Tubing

a.   Pr ovi de cont r ol  syst em so t hat  pneumat i c l i nes ar e not  exposed t o 
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ai r  t emper at ur es bel ow mi nus 4 degr ees C 25 degr ees F.   I nst al l  
t ubes and t ube bundl es exposed t o v i ew neat l y i n l i nes par al l el  t o 
l i nes of  t he bui l di ng.   Rout e t ubi ng bet ween panel s and act uat or s 
i n mechani cal  and el ect r i cal  spaces so t hat  l i nes ar e easi l y 
t r aceabl e.   Tubes shal l  be per manent l y t agged on bot h ends wi t h an 
i dent i f i er  i ndi cat ed on shop dr awi ngs.   I nst al l  conceal ed t ubi ng 
i n f i ni shed ar eas,  and i nst al l  exposed t ubi ng i n unf i ni shed ar eas 
such as mechani cal  equi pment  r ooms.

b.   Pneumat i c l i nes i n mechani cal  and el ect r i cal  spaces shal l  be 
pl ast i c t ubi ng or  copper  t ubi ng.   I nst al l  hor i zont al  and ver t i cal  
r uns of  pl ast i c t ubes or  sof t  copper  t ubi ng i n r aceways dedi cat ed 
t o t ubi ng.   Dedi cat ed r aceways shal l  be suppor t ed ever y 2 met er s 6 
f eet  of  hor i zont al  r un and ever y 2. 44 met er  8 f eet  f or  ver t i cal  
r uns.   Tubi ng not  i nst al l ed i n r aceways shal l  be har d- dr awn copper  
t ubi ng wi t h sweat  f i t t i ngs and val ves,  suppor t ed ever y 2 met er  6 
f eet  of  hor i zont al  r un and ever y 2. 44 met er s 8 f eet  f or  ver t i cal  
runs.

c.   Tubi ng f or  connect i ng sensi ng el ement s and t r ansmi t t er s t o l i qui d 
and st eam l i nes shal l  be [ copper ]  [ Ser i es 300 st ai nl ess st eel ]  
wi t h [ br ass compr essi on]  [ st ai nl ess st eel  compr essi on]  f i t t i ngs.

d.   Tubi ng f or  f i nal  connect i on of  sensi ng el ement s and t r ansmi t t er s 
t o duct wor k shal l  be pl ast i c wi t h a maxi mum l engt h of  305 mm 12 
inches.

e.   Tubi ng ext er nal  t o mechani cal  and el ect r i cal  spaces,  wher e r un i n 
pl enum cei l i ngs,  shal l  be sof t  copper  wi t h sweat  f i t t i ngs,  
suppor t ed ever y 2. 44 met er s 8 f eet .   Tubi ng not  i n pl enum spaces 
shal l  be sof t  copper  wi t h sweat  f i t t i ngs suppor t ed ever y 2. 44 
met er s 8 f eet  or  shal l  be pl ast i c  t ubi ng i n r aceways dedi cat ed t o 
tubing.

f .   Pr ovi de t ubi ng i n concr et e i n r i gi d condui t .   I nst al l  t ubi ng i n 
wal l s cont ai ni ng i nsul at i on,  f i l l ,  or  ot her  packi ng mat er i al s i n 
r aceways dedi cat ed t o t ubi ng.

g.   Fi nal  connect i ons t o act uat or s shal l  be pl ast i c t ubi ng,  a maxi mum 
of  305 mm 12 i nches l ong and unsuppor t ed at  t he act uat or .

h.   Pr ovi de a manual  val ve at  each HVAC cont r ol  panel  t o al l ow shut of f  
of  mai n ai r .   Pneumat i c connect i ons t o HVAC cont r ol  panel s shal l  
be made usi ng bul khead f i t t i ngs except  wher e bundl ed t ubi ng i s 
bei ng used.

i .   Fi nal  connect i ons t o HVAC cont r ol  panel  bul khead f i t t i ngs shal l  be 
exposed t ubi ng appr oxi mat el y 305 mm 12 i nches l ong.

j .   Tubi ng and t wo i nsul at ed copper  phone wi r es f or  i nst al l at i on 
checkout  may be r un i n t he same condui t .   Tubi ng and el ect r i cal  
power  conduct or s shal l  not  be r un i n t he same condui t .   Cont r ol  
c i r cui t  conduct or s,  24 V or  l ess,  may be r un i n t he same condui t  
as pol yet hyl ene t ubi ng.

3. 1. 9   Wiring

a.   Pr ovi de wi r i ng ext er nal  t o cont r ol  panel s,  i nc l udi ng l ow- vol t age 
wi r i ng,  i n met al l i c  r aceways.   I nst al l  wi r i ng wi t hout  spl i ces 
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bet ween sensor s,  t r ansmi t t er s,  cont r ol  devi ces,  and HVAC cont r ol  
panel s.   I nst al l  i nst r ument at i on gr oundi ng as necessar y t o pr event  
gr ound l oops,  noi se,  and sur ges adver sel y af f ect i ng oper at i on of  
t he syst em.   Tag cabl es,  conduct or s,  and wi r es at  bot h ends,  wi t h 
i dent i f i er s i ndi cat ed on shop dr awi ngs.

b.   Ot her  el ect r i cal  wor k shal l  be speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de st ep- down t r ansf or mer s 
wher e cont r ol  equi pment  oper at es at  l ower  t han l i ne c i r cui t  
vol t ages.   Tr ansf or mer s ser vi ng i ndi v i dual  heat i ng,  vent i l at i ng,  
and ai r - condi t i oni ng uni t s shal l  be f ed f r om f an mot or  l eads,  or  
f ed f r om t he near est  di st r i but i on panel boar d or  mot or  cont r ol  
cent er ,  usi ng c i r cui t s pr ovi ded f or  t hat  pur pose.

c.   Gr ound cont r ol  panel s and cabi net s as speci f i ed i n Sect i on 26 20 00
 I NTERI OR DI STRI BUTI ON SYSTEM.   Gr oundi ng of  t he gr een ac gr ound 
wi r e at  t he br eaker  panel  al one i s not  adequat e.   I nst al l  gr ound 
wi r e f r om each cont r ol  panel  t o adequat e bui l di ng gr ound.

3. 1. 10   Foundat i ons and Housekeepi ng Pads

Pr ovi de 80 mm 3 i nch hi gh concr et e f oundat i ons and housekeepi ng pads f or  
t he HVAC cont r ol  syst em ai r  compr essor s.

3. 1. 11   Compr essed Ai r  St at i ons

Mount  ai r  compr essor  assembl y on v i br at i on el i mi nat or s,  i n accor dance wi t h 
ASME BPVC f or  t ank c l ear ance.   Connect  ai r  l i ne t o t he t ank wi t h a f l exi bl e 
pi pe connect or .   I nst al l  compr essed ai r  st at i on speci al t i es wi t h r equi r ed 
t ubi ng,  i ncl udi ng condensat e t ubi ng t o a f l oor  dr ai n.

3. 1. 12   Cont r ol  Dr awi ngs

Post  l ami nat ed copi es of  as- bui l t  cont r ol  syst em dr awi ngs i n each 
mechani cal  r oom.

3. 2   ADJUSTMENTS

Cal i br at e i nst r ument at i on and cont r ol s,  and ver i f y  speci f i ed accur acy usi ng 
t est  equi pment  t r aceabl e t o Nat i onal  I nst i t ut e f or  Sci ence and Technol ogy 
( NI ST)  st andar ds.   Adj ust  cont r ol s and equi pment  t o mai nt ai n condi t i ons 
i ndi cat ed,  t o per f or m t he f unct i ons i ndi cat ed,  and t o oper at e i n t he 
sequence speci f i ed.

3. 3   FI ELD QUALI TY CONTROL

**************************************************************************
NOTE:   I ncl ude Sect i on 23 05 93 TESTI NG,  ADJUSTI NG 
AND BALANCI NG.

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

a.   Demonst r at e compl i ance of  HVAC cont r ol  syst ems.   Fur ni sh 
per sonnel ,  equi pment ,  i nst r ument at i on,  and suppl i es necessar y t o 
per f or m cal i br at i on and si t e t est i ng.   Cal i br at e t est  equi pment  i n 
accor dance wi t h NI ST st andar ds.   Ensur e t hat  t est s ar e per f or med 
or  super vi sed by compet ent  empl oyees of  t he cont r ol  syst em 
i nst al l er  or  t he cont r ol  syst em manuf act ur er  r egul ar l y empl oyed i n 
t est i ng and cal i br at i on of  cont r ol  syst ems.
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b.   Test i ng shal l  i ncl ude f i el d t est s and t he per f or mance ver i f i cat i on 
t est .   Fi el d t est s shal l  demonst r at e pr oper  cal i br at i on of  
i nst r ument at i on,  i nput  and out put  devi ces,  and oper at i on of  
speci f i c  equi pment .   The per f or mance ver i f i cat i on t est  shal l  
ensur e pr oper  execut i on of  sequence of  oper at i on and pr oper  t uni ng 
of  cont r ol  l oops.

c.   The pl an f or  each phase of  f i el d accept ance t est i ng shal l  be 
appr oved i n wr i t i ng bef or e begi nni ng t hat  phase of  t est i ng.   
Fur ni sh wr i t t en not i f i cat i on of  pl anned t est i ng t o Cont r act i ng 
Of f i cer  at  l east  21 days pr i or  t o t est i ng.   I ncl ude pr oposed t est  
pr ocedur es wi t h not i f i cat i on.   The Cont r act or  wi l l  not  be al l owed 
t o st ar t  t est i ng wi t hout  wr i t t en Gover nment  appr oval  of  t est  
pr ocedur es.   Test  pr ocedur es shal l  consi st  of  det ai l ed 
i nst r uct i ons f or  compl et e t est i ng t o pr ove t he per f or mance of  
heat i ng,  vent i l at i ng,  and ai r - condi t i oni ng syst em and cont r ol  
syst em.    I ncl ude t he f ol l owi ng t est s i n t est  pr ocedur es.

d.   Submi t  or i gi nal  copi es of  dat a pr oduced,  i ncl udi ng r esul t s of  each 
t est  pr ocedur e,  t o t he Gover nment  at  t he concl usi on of  each phase 
of  t est i ng.   Test s ar e subj ect  t o super vi s i on and appr oval  by 
Cont r act i ng Of f i cer .   Do not  per f or m t est i ng dur i ng schedul ed 
seasonal  of f - per i ods of  heat i ng and cool i ng syst ems.

3. 3. 1   Test  Repor t i ng

Af t er  compl et i on or  t er mi nat i on of  f i el d t est s and agai n af t er  t he 
per f or mance ver i f i cat i on t est ,  i dent i f y,  det er mi ne causes,  r epl ace,  r epai r ,  
or  cal i br at e equi pment  whi ch f ai l s  t o meet  t he speci f i cat i on;  and del i ver  a 
wr i t t en r epor t  t o t he Gover nment .   The r epor t  shal l  document  t est  r esul t s,  
expl ai n i n det ai l  t he nat ur e of  each f ai l ur e,  and cor r ect i ve act i on t aken.   
Af t er  del i ver i ng t he per f or mance ver i f i cat i on t est  r epor t ,  t he Cont r act or  
shal l  convene a t est  r evi ew meet i ng at  t he j ob s i t e t o pr esent  r esul t s and 
r ecommendat i ons t o t he Gover nment .   As a par t  of  t he t est  r evi ew meet i ng,  
t he Cont r act or  shal l  demonst r at e by per f or mi ng appr opr i at e por t i ons of  
f i el d t est s or  t he per f or mance ver i f i cat i on t est  t hat  f ai l ur es have been 
cor r ect ed.   Based on Cont r act or ' s  r epor t  and t est  r evi ew meet i ng,  t he 
Gover nment  wi l l  det er mi ne ei t her  t he r est ar t  poi nt  or  successf ul  compl et i on 
of  t est i ng.   Do not  commence r equi r ed r et est i ng unt i l  af t er  r ecei pt  of  
wr i t t en not i f i cat i on by t he Gover nment .   At  t he concl usi on of  r et est i ng,  
r epeat  t he assessment .

3. 3. 2   Cont r act or ' s Fi el d Test i ng

Cal i br at e f i el d equi pment  and ver i f y equi pment  and syst em oper at i on bef or e 
syst em i s pl aced on- l i ne.   I ncl ude t he f ol l owi ng t est s i n f i el d t est i ng.

3. 3. 2. 1   Tubi ng and Wi r i ng I nt egr i t y Test s

Test  t ubi ng syst em pneumat i cal l y  at  1. 5 t i mes t he desi gn wor ki ng pr essur e 
f or  24 hour s.   Al l owabl e l eakage r at e i s t hat  whi ch pr oduces a pr essur e dr op
 7 kPa ( gage)  1 psi g i n 24 hour s wi t h compr essed ai r  suppl y t ur ned of f .   
Test  wi r i ng f or  cont i nui t y,  gr ound f aul t s,  and open and shor t  c i r cui t s.

3. 3. 2. 2   Syst em I nspect i on

Obser ve HVAC cont r ol  syst em i n shut down condi t i on.   Check damper s and 
val ves f or  pr oper  nor mal  posi t i ons.   Document  posi t i ons f or  t he per f or mance 
ver i f i cat i on t est  r epor t .
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3. 3. 2. 3   Cal i br at i on Accur acy and Oper at i on of  I nput  Test

Ver i f y cor r ect  cal i br at i on and oper at i on of  i nput  i nst r ument .   For  each 
sensor  and t r ansmi t t er ,  i ncl udi ng f or  t emper at ur e,  pr essur e,  r el at i ve 
humi di t y,  and dew poi nt  i nput s,  r ecor d t he r eadi ng at  t he sensor  or  
t r ansmi t t er  l ocat i on usi ng cal i br at ed t est  equi pment .   Recor d t he out put  
r eadi ng pr ovi ded by t hat  sensor  or  t r ansmi t t er .   Document  each of  t hese 
l ocat i on and out put  r eadi ngs f or  t he per f or mance ver i f i cat i on t est  
r epor t .    The t est  equi pment  shal l  have been cal i br at ed wi t hi n one year  of  
t he dat e of  use i n t he f i el d.   Test  equi pment  cal i br at i on shal l  be 
t r aceabl e t o t he measur ement  st andar d of  t he Nat i onal  I nst i t ut e of  
St andar ds and Technol ogy.

3. 3. 2. 4   Oper at i on of  Out put  Test

Check t he oper at i on of  out put  t o ver i f y cor r ect  oper at i on.   Oper at e anal og 
devi ce t o mi ni mum r ange ( e. g. ,  4 mA)  and maxi mum r ange ( e. g. ,  20 mA) ,  and 
measur e and r ecor d act ual  out put  val ues.

3. 3. 2. 5   Act uat or  Range Adj ust ment

Wi t h t he cont r ol l er ,  appl y a cont r ol  s i gnal  t o each act uat or  and ver i f y 
t hat  t he act uat or  oper at es pr oper l y f r om i t s nor mal  posi t i on t hr ough t o t he 
f ul l  r ange of  st r oke posi t i on.   Recor d act ual  spr i ng r anges and nor mal  
posi t i ons f or  modul at i ng cont r ol  val ves and damper s.

3. 3. 3   Coor di nat i on Wi t h HVAC Syst em Bal anci ng

Tune t he cont r ol  syst em af t er  ai r  and hydr oni c syst ems have been bal anced,  
mi ni mum damper  posi t i ons have been set ,  and a r epor t  has been i ssued.

3. 3. 4   Fi el d Test  Document at i on

Bef or e schedul i ng t he per f or mance ver i f i cat i on t est ,  pr ovi de f i el d t est  
document at i on and wr i t t en cer t i f i cat i on of  compl et i on t o Cont r act i ng 
Of f i cer  and t he Naval  Ener gy and Envi r onment al  Suppor t  Act i v i t y ( NEESA) ,  
t hat  t he i nst al l ed syst em has been cal i br at ed,  t est ed,  and i s r eady t o 
begi n t he per f or mance ver i f i cat i on t est .   Do not  s t ar t  t he per f or mance 
ver i f i cat i on t est  pr i or  t o r ecei v i ng wr i t t en per mi ssi on f r om t he Gover nment .

3. 3. 5   Per f or mance Ver i f i cat i on Test

Conduct  t he per f or mance ver i f i cat i on t est s t o demonst r at e t hat  t he cont r ol  
syst em mai nt ai ns set poi nt s and t hat  t he cont r ol  l oops ar e t uned f or  t he 
cor r ect  sequence of  oper at i on.   Conduct  t he per f or mance ver i f i cat i on t est  
dur i ng one week of  cont i nuous HVAC and cont r ol  syst ems oper at i on and bef or e 
f i nal  accept ance of  wor k.   Speci f i cal l y ,  t he per f or mance ver i f i cat i on t est  
shal l  demonst r at e t hat  t he HVAC syst em oper at es pr oper l y t hr ough t he 
compl et e sequence of  oper at i on ( e. g. ,  seasonal ,  occupi ed and unoccupi ed,  
war m up,  et c. ) ,  f or  speci f i ed cont r ol  sequences.   Demonst r at e pr oper  
cont r ol  syst em r esponse f or  abnor mal  condi t i ons f or  whi ch t her e i s a 
speci f i ed syst em or  cont r ol s r esponse by s i mul at i ng t hese condi t i ons.   
Demonst r at e t hat  har dwar e i nt er l ocks and saf et y devi ces wor k as desi gned.   
Demonst r at e t hat  t he cont r ol  syst em per f or ms t he cor r ect  sequence of  
control.

SECTI ON 23 09 53. 00 20  Page 49



3. 3. 6   Opposi t e Season Test

Repeat  t he per f or mance ver i f i cat i on t est  dur i ng an opposi t e season t o t he 
f i r st  per f or mance ver i f i cat i on t est .

3. 4   TRAINING

Pr ovi de a qual i f i ed i nst r uct or  t o conduct  t r ai ni ng cour ses f or  desi gnat ed 
per sonnel  i n mai nt enance and oper at i on of  HVAC and cont r ol  syst ems.   
Or i ent at e t r ai ni ng t o t he speci f i c  syst em bei ng i nst al l ed under  t he 
cont r act .   Fur ni sh audi ovi sual  equi pment  and ot her  t r ai ni ng mat er i al s and 
suppl i es.   A t r ai ni ng day i s def i ned as 8 hour s of  c l assr oom or  l ab 
i nst r uct i on,  i nc l udi ng t wo 15- mi nut e br eaks and excl udi ng l unch t i me,  
Monday t hr ough Fr i day,  dur i ng t he dayt i me shi f t  i n ef f ect  at  t he t r ai ni ng 
f aci l i t y .   For  gui dance,  assume t hat  t he at t endees have a hi gh school  
educat i on and ar e f ami l i ar  wi t h HVAC syst ems.   Submi t  pl anned t r ai ni ng 
schedul e,  agenda,  and cl ass mat er i al s t o t he Gover nment  at  l east  45 days 
pr i or  t o t r ai ni ng.

3. 4. 1   Tr ai ni ng Cour se Document at i on

Tr ai ni ng shal l  be based on t he oper at i on and mai nt enance manual s and 
cont r ol  syst em t r ai ni ng manual .   Del i ver  manual s f or  each t r ai nee wi t h t wo 
addi t i onal  set s f or  ar chi v i ng at  t he pr oj ect  s i t e.   I ncl ude an agenda,  
def i ned obj ect i ves,  and a det ai l ed descr i pt i on of  subj ect  mat t er  f or  each 
lesson.

3. 4. 2   Oper at or  Tr ai ni ng I

The f i r st  c l ass shal l  be t aught  f or  a per i od of  5 consecut i ve t r ai ni ng days 
at  l east  1 mont h pr i or  t o t he schedul ed per f or mance ver i f i cat i on t est .   The 
f i r st  cour se shal l  be t aught  i n a Gover nment - pr ovi ded f aci l i t y  on base.  
Tr ai ni ng shal l  be c l assr oom i nst r uct i on,  but  have hands- on oper at i on of  
s i mi l ar  di gi t al  cont r ol l er s.   Maxi mum of  [ 5]  [ _____]  per sonnel  shal l  at t end 
t he cour se.   Upon compl et i on of  cour se,  each st udent ,  usi ng appr opr i at e 
document at i on,  shal l  be abl e t o per f or m el ement ar y oper at i ons,  wi t h 
gui dance,  and descr i be gener al  har dwar e and f unct i onal i t y  of  t he syst em.   
Cour se shal l  i nc l ude but  not  be l i mi t ed t o descr i pt i on of  har dwar e and 
oper at i on of  t he syst em.

3. 4. 3   Oper at or  Tr ai ni ng I I

The second cour se shal l  be t aught  i n t he f i el d,  us i ng t he oper at i ng 
equi pment  at  pr oj ect  s i t es f or  a t ot al  of  16 hour s of  i nst r uct i on per  
st udent ,  i n bl ocks of  4 hour s.   Maxi mum of  [ 5]  [ _____]  per sonnel  shal l  
at t end t he cour se.   I ncl ude hands- on t r ai ni ng under  const ant  moni t or i ng of  
i nst r uct or .   Cour se cont ent  shal l  dupl i cat e t he Oper at or  Tr ai ni ng I  cour se 
as appl i ed t o t he i nst al l ed syst em.   I nst r uct or  shal l  det er mi ne t he l evel  
of  t he passwor d t o be i ssued t o each st udent  bef or e each sessi on.   Upon 
compl et i on of  t he cour se,  st udent s shal l  be pr of i c i ent  i n syst em oper at i on.  
Pr epar e a wr i t t en r epor t  descr i bi ng t he ski l l  l evel  of  each st udent  at  t he 
end of  t he cour se.

3. 4. 4   Oper at or  Tr ai ni ng I I I

The t hi r d cour se shal l  be t aught  i n t he f i el d,  at  t he pr oj ect  s i t e,  f or  a 
per i od of  3 t r ai ni ng days no l at er  t han 6 mont hs af t er  compl et i on of  
endur ance t est .   Maxi mum of  [ 5]  [ _____]  per sonnel  shal l  at t end t he 
cour se.    Cour se shal l  be st r uct ur ed t o addr ess speci f i c  t opi cs t hat  t he 
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st udent s need t o di scuss and t o answer  quest i ons concer ni ng oper at i on of  
t he syst em.    Upon compl et i on of  t he cour se,  st udent s shal l  be pr of i c i ent  
i n syst em oper at i on and shal l  have no unanswer ed quest i ons r egar di ng 
oper at i on of  t he i nst al l ed syst em.

3. 4. 5   Syst em Mai nt enance Tr ai ni ng

Cour se shal l  be t aught  at  t he pr oj ect  s i t e wi t hi n one mont h af t er  
compl et i on of  endur ance t est  f or  a per i od of  2 t r ai ni ng days.   Maxi mum of  
[ _____]  per sonnel  shal l  at t end t he cour se.   Cour se shal l  i ncl ude but  not  be 
l i mi t ed t o t he f ol l owi ng:

a.   Physi cal  l ayout  f or  each pi ece of  har dwar e

b.   Tr oubl eshoot i ng and di agnost i cs pr ocedur es

c.   Repai r  i nst r uct i ons

d.   Pr event i ve mai nt enance pr ocedur es and schedul e

e.   Cal i br at i on pr ocedur es

3. 5   QUALI FI ED SERVI CE ORGANI ZATI ON LI ST

The qual i f i ed ser vi ce or gani zat i on l i s t  shal l  i ncl ude names and t el ephone 
number s of  or gani zat i ons qual i f i ed t o ser vi ce HVAC cont r ol  syst ems.

3. 6   COMMISSIONING

**************************************************************************
NOTE:   I f  commi ssi oni ng pr ocedur es ar e r equi r ed 
beyond t he scope of  t hose descr i bed i n Sect i on 
23 05 93 TESTI NG,  ADJUSTI NG AND BALANCI NG,  i ncl ude 
pr ocedur es i n t hi s par agr aph.

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

Commi ssi oni ng of  cont r ol  syst ems i s speci f i ed i n t he pr e- f i el d TAB 
engi neer i ng r epor t  descr i bed i n Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND 
BALANCING.

3. 7   SCHEDULE

Some met r i c measur ement s i n t hi s sect i on ar e based on mat hemat i cal  
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conver si on of  i nch- pound measur ement s,  and not  on met r i c measur ement s 
commonl y agr eed on by t he manuf act ur er s or  ot her  par t i es.   The i nch- pound 
and met r i c measur ement s shown ar e as f ol l ows:

Products Inch-Pound Metric

a.   Pneumat i c Act uat or s:  
Oper at i ng Pr essur e

= 25 psi g = 172 kPa ( gage)

b.   Tr ansmi t t er s:  Out put  
Signal

= 3 t o 15 psi = 21 t o 103 kPa

c.   Ther most at :  Mi ni mum 
Ranges

= 55 t o 90 degr ees F = 13 t o 32 degr ees C

d.   Ther momet er s:  Scal es = 9 i nches = 229 mm

e.   Pr essur e Gages:  Di amet er = 2 1/ 2 i nches = 65 mm

f .   Compr essed Ai r  St or age 
Tank:   Mi ni mum Wor ki ng 
Pressure

= 200 psi g = 1379 kPa ( gage)

        - -  End of  Sect i on - -
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