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SECTI ON 23 09 13
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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  i nst r ument at i on and cont r ol  devi ces 
f or  HVAC when combi ned wi t h a compani on DDC Net wor k.   
Pl ease r ef er  t o t he r espect i ve speci f i cat i on 
sect i ons f or  Di r ect  Di gi t al  Cont r ol  Devi ces and 
Ut i l i t y  Moni t or i ng and Cont r ol  Syst ems.

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

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

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

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

PART 1   GENERAL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s sect i on i s f or  use on al l  USACE and 
AFCEC pr oj ect s and f or  addi t i ons or  r et r of i t s t o 
exi st i ng NAVFAC syst ems.

Thi s speci f i cat i on cover s i nst al l at i on of  l ocal   
cont r ol  devi ces and i nst r ument at i on.   I t  i s  
pr i mar i l y i nt ended f or  bui l di ng l evel  cont r ol  
syst ems whi ch ar e t o be i nt egr at ed i nt o a Ut i l i t y  
Moni t or i ng and Cont r ol  Syst em ( UMCS)  Fr ont  End as 
speci f i ed i n Sect i on 25 10 10 UTI LI TY MONI TORI NG AND 
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CONTROL SYSTEM ( UMCS)  FRONT END AND I NTEGRATI ON.   

The HVAC Cont r ol  Syst em desi gn must  be i n accor dance 
wi t h UFC 3- 410- 02 Di r ect  Di gi t al  Cont r ol  f or  HVAC 
and Ot her  Bui l di ng Cont r ol  Syst ems.  

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

1. 1   SUMMARY

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  i s t o add l ocat i on and si t e speci f i c  
r equi r ement s.

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

Thi s sect i on pr ovi des f or  t he i nst r ument at i on cont r ol  syst em component s 
excl udi ng di r ect  di gi t al  cont r ol l er s,  net wor k cont r ol l er s,  gat eways et c.  
t hat  ar e necessar y f or  a compl et el y f unct i onal  aut omat i c cont r ol  syst em.   
When combi ned wi t h a Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em,  t he 
I nst r ument at i on and Cont r ol  Devi ces cover ed under  t hi s sect i on must  be a 
compl et e syst em sui t abl e f or  t he cont r ol  of  t he heat i ng,  vent i l at i ng and 
ai r  condi t i oni ng ( HVAC)  and ot her  bui l di ng- l evel  syst ems as speci f i ed and 
i ndi cat ed.

a.   I nst al l  har dwar e t o per f or m t he cont r ol  sequences as speci f i ed and 
i ndi cat ed and t o pr ovi de cont r ol  of  t he equi pment  as speci f i ed and 
i ndi cat ed.

b.   I nst al l  har dwar e such t hat  i ndi v i dual  cont r ol  equi pment  can be 
r epl aced by s i mi l ar  cont r ol  equi pment  f r om ot her  equi pment  
manuf act ur er s wi t h no l oss of  syst em f unct i onal i t y.

c.   I nst al l  and conf i gur e har dwar e such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  and upgr ades of  
i ndi v i dual  har dwar e wi t hout  f ur t her  i nt er act i on wi t h t he i nst al l i ng 
Cont r act or .

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

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

1. 1. 2   Dr awi ngs

The Gover nment  wi l l  not  i ndi cat e al l  of f set s,  f i t t i ngs,  and accessor i es 
t hat  may be r equi r ed on t he dr awi ngs.   Car ef ul l y i nvest i gat e t he 
mechani cal ,  el ect r i cal ,  and f i ni sh condi t i ons t hat  coul d af f ect  t he wor k 
t o be per f or med,  ar r ange such wor k accor di ngl y,  and pr ovi de al l  wor k 
necessar y t o meet  such condi t i ons.

1. 2   RELATED SECTI ONS

Rel at ed wor k speci f i ed el sewher e.

Sect i on 01 30 00 ADMI NI STRATI VE REQUI REMENTS

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON

Sect i on 23 05 15 COMMON PI PI NG FOR HVAC
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Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM

1. 3   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 si 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,  I NC.  ( AMCA)

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMCA 511 ( 2010;  R 2016)  Cer t i f i ed Rat i ngs Pr ogr am 
f or  Ai r  Cont r ol  Devi ces

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  C12. 1 ( 2014;  Er r at a 2016)  El ect r i c Met er s -  Code 
f or  El ect r i c i t y Met er i ng

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 15 ( 2018)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes
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ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

ASTM I NTERNATI ONAL ( ASTM)

ASTM A269/ A269M ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
and Wel ded Aust eni t i c  St ai nl ess St eel  
Tubi ng f or  Gener al  Ser vi ce

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM D635 ( 2018)  St andar d Test  Met hod f or  Rat e of  
Bur ni ng and/ or  Ext ent  and Ti me of  Bur ni ng 
of  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 
Di spl acement

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 
Pl ast i cs

FLUI D CONTROLS I NSTI TUTE ( FCI )

FCI  70- 2 ( 2021)  Cont r ol  Val ve Seat  Leakage

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 142 ( 2007;  Er r at a 2014)  Recommended Pr act i ce 
f or  Gr oundi ng of  I ndust r i al  and Commer ci al  
Power  Syst ems -  I EEE Gr een Book

I NTERNATI ONAL SOCI ETY OF AUTOMATI ON ( I SA)

I SA 7. 0. 01 ( 1996)  Qual i t y St andar d f or  I nst r ument  Ai r
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C12. 20 ( 2015;  E 2018)  El ect r i c i t y Met er s -  0. 1,  
0. 2,  and 0. 5 Accur acy Cl asses

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA/ ANSI  C12. 10 ( 2011;  R 2021)  Physi cal  Aspect s of  
Wat t hour  Met er s -  Saf et y St andar d

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

NFPA 70 ( 2023;  ERTA 4 2023;  ERTA 5 2023;  ERTA 6 
2023)  Nat i onal  El ect r i cal  Code

NFPA 90A ( 2024)  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

UNDERWRI TERS LABORATORI ES ( UL)

UL 94 ( 2023;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 555 ( 2006;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Fi r e Damper s

UL 555S ( 2014;  Repr i nt  Oct  2020)  UL St andar d f or  
Saf et y Smoke Damper s

UL 1820 ( 2004;  Repr i nt  May 2013)  UL St andar d f or  
Saf et y Fi r e Test  of  Pneumat i c Tubi ng f or  
Fl ame and Smoke Char act er i st i cs

UL 5085- 3 ( 2006;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Low Vol t age Tr ansf or mer s -  Par t  3:  
Cl ass 2 and Cl ass 3 Tr ansf or mer s

1. 4   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Submi t t al s r el at ed t o t hi s sect i on ar e 
speci f i ed i n UFGS 23 09 00 I NSTRUMENTATI ON AND 
CONTROL FOR HVAC.

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

Submi t t al  r equi r ement s ar e speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON 
AND CONTROL FOR HVAC.

1. 5   DELI VERY AND STORAGE

St or e and pr ot ect  pr oduct s f r om t he weat her ,  humi di t y,  and t emper at ur e 
var i at i ons,  di r t  and dust ,  and ot her  cont ami nant s,  wi t hi n t he st or age 
condi t i on l i mi t s publ i shed by t he equi pment  manuf act ur er .
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1. 6   I NPUT MEASUREMENT ACCURACY

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s par agr aph i s r ef er enced el sewher e i n t he 
speci f i cat i on.   I f  t hi s par agr aph i s edi t ed,  
r emoved,  r enamed et c make sur e t o ver i f y t hat  al l  
r ef er ences t o i t  ar e updat ed as needed.

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

Sel ect ,  i nst al l  and conf i gur e sensor s,  t r ansmi t t er s and DDC Har dwar e such 
t hat  t he maxi mum er r or  of  t he measur ed val ue at  t he i nput  of  t he DDC 
har dwar e i s l ess t han t he maxi mum al l owabl e er r or  speci f i ed f or  t he sensor  
or  i nst r ument at i on.

1. 7   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 ent i t l ed 
CONTRACTOR SPECI AL REQUI REMENTS i n Sect i on 01 30 00 ADMI NI STRATI VE 
REQUI REMENTS.

PART 2   PRODUCTS

2. 1   EQUI PMENT

2. 1. 1   Gener al  Requi r ement s

Al l  pr oduct s used t o meet  t hi s speci f i cat i on must  meet  t he i ndi cat ed 
r equi r ement s,  but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by 
ever y pr oj ect .   Al l  pr oduct s must  meet  t he r equi r ement s bot h Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on.

2. 1. 2   Oper at i on Envi r onment  Requi r ement s

Unl ess ot her wi se speci f i ed,  pr ovi de pr oduct s r at ed f or  cont i nuous 
oper at i on under  t he f ol l owi ng condi t i ons:

2. 1. 2. 1   Pr essur e

Pr essur e condi t i ons nor mal l y encount er ed i n t he i nst al l ed l ocat i on.

2. 1. 2. 2   Vi br at i on

Vi br at i on condi t i ons nor mal l y encount er ed i n t he i nst al l ed l ocat i on.

2. 1. 2. 3   Temper at ur e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  must  deci de i f  suggest ed out si de ai r  
t emper at ur e r ange i s suf f i c i ent ,  and pr ovi de a r ange 
i f  i t ' s  not .

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

a.   Pr oduct s i nst al l ed i ndoor s:  Ambi ent  t emper at ur es i n t he r ange of  0 t o 
50 degr ees C 32 t o 112 degr ees F and t emper at ur e condi t i ons out si de 
t hi s r ange nor mal l y encount er ed at  t he i nst al l ed l ocat i on.

b.   Pr oduct s i nst al l ed out door s or  i n uncondi t i oned i ndoor  spaces:  Ambi ent  
t emper at ur es i n t he r ange of  [ - 37 t o +66 degr ees C- 35 t o +151 degr ees F
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]  [ _____]  and t emper at ur e condi t i ons out si de t hi s r ange nor mal l y 
encount er ed at  t he i nst al l ed l ocat i on.

2. 1. 2. 4   Humi di t y

10 t o 95 per cent  r el at i ve humi di t y,  non- condensi ng and al so humi di t y 
condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he i nst al l ed 
l ocat i on.

2. 2   WEATHERSHI ELDS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Encl osur es ar e speci f i ed i n Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC

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

Pr ovi de weat her shi el ds const r uct ed of  gal vani zed st eel  pai nt ed whi t e,  
unpai nt ed al umi num,  al umi num pai nt ed whi t e,  or  whi t e PVC.

[ 2. 3   TUBI NG

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pneumat i c sect i ons i ncl uded i n t he event  
pneumat i c act uat or s ar e r equi r ed f or  speci al  
c i r cumst ances ( act uat or  r esponse t i me or  expl osi ve 
envi r onment s) .   The Desi gner  can i ncl ude or  del et e 
as r equi r ed by t he pr oj ect  c i r cumst ances

Keep t he br acket ed t ext  f or  pneumat i c appl i cat i ons
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

2. 3. 1   Copper

Pr ovi de ASTM B75/ B75M or  ASTM B88 r at ed t ubi ng meet i ng t he f ol l owi ng 
r equi r ement s:  

a.  For  t ubi ng 9 mm 0. 375 i nch out si de di amet er  and l ar ger  pr ovi de t ubi ng 
wi t h mi ni mum wal l  t hi ckness equal  t o ASTM B88,  Type M

b.  For  t ubi ng l ess t han9 mm 0. 375 i nch out si de di amet er  pr ovi de t ubi ng 
wi t h mi ni mum wal l  t hi ckness of  0. 6 mm 0. 025 i nch

c.  For  exposed t ubi ng and t ubi ng f or  wor ki ng pr essur es gr eat er  t han 207 kPa
 30 psi g pr ovi de har d copper  t ubi ng.

d.  Pr ovi de f i t t i ngs whi ch ar e ASME B16. 18 or  ASME B16. 22 sol der  t ype usi ng 
ASTM B32 95- 5 t i n- ant i mony sol der ,  or  whi ch ar e ASME B16. 26 
compr essi on t ype.

2. 3. 2   St ai nl ess St eel

For  st ai nl ess st eel  t ubi ng pr ovi de t ubi ng conf or mi ng t o ASTM A269/ A269M

2. 3. 3   Pl ast i c

Pr ovi de pl ast i c t ubi ng wi t h t he bur ni ng char act er i st i cs of  l i near  
l ow- densi t y pol yet hyl ene t ubi ng whi ch i s sel f - ext i ngui shi ng when t est ed i n 
accor dance wi t h ASTM D635,  has UL 94 V- 2 f l ammabi l i t y  c l assi f i cat i on or  
bet t er ,  and whi ch wi t hst ands st r ess cr acki ng when t est ed i n accor dance 
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wi t h ASTM D1693.   Pr ovi de pl ast i c- t ubi ng bundl es wi t h Myl ar  bar r i er  and 
f l ame- r et ar dant  pol yet hyl ene j acket .

2. 3. 4   Pol yet hyl ene Tubi ng

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 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.   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,  or  f or  syst ems 
wi t h wor ki ng pr essur es over   206 kPa 30 psi g.   Pr ovi de compr essi on or  
br ass bar bed push- on t ype f i t t i ngs.   Pr ovi de ext r uded seaml ess 
pol yet hyl ene t ubi ng conf or mi ng t o t he f ol l owi ng:

a.   Mi ni mum Bur st  Pr essur e Requi r ement s:  690 kPa at  24 degr ees C 100 psi g 
at  75 degr ees F t o 172 kPa at  66 degr ees C  25 psi g at  150 degr ees F.

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

c.   Tensi l e St r engt h ( Mi ni mum) :   ASTM D638,  7584 kPa 1100 psi .

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

e.   Densi t y ( Aver age) :   ASTM D792,  921 kg per  cubi c met er  57. 5 pounds per  
cubi c f eet .

f .   Bur n r at e:   ASTM D635

g.  Fl ame Pr opagat i on:   UL 1820,  l ess t han 1. 5 met er s 5 f eet  ASTM D635

h.  Aver age Opt i cal  Densi t y:   UL 1820,  l ess t han 0. 15 ASTM D635

] 2. 4   WI RE AND CABLE

Pr ovi de wi r e and cabl e meet i ng t he r equi r ement s of  NFPA 70 and NFPA 90A i n 
addi t i on t o t he r equi r ement s of  t hi s speci f i cat i on and r ef er enced 
speci f i cat i ons.

2. 4. 1   Ter mi nal  Bl ocks

For  t er mi nal  bl ocks whi ch ar e not  i nt egr al  t o ot her  equi pment ,  pr ovi de 
t er mi nal  bl ocks whi ch ar e 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 cl ampi ng mechani sm,  sui t abl e f or  DI N r ai l  
mount i ng,  and whi ch have encl osed si des or  end pl at es and par t i t i on pl at es 
f or  separ at i on.

2. 4. 2   Cont r ol  Wi r i ng f or  Bi nar y Si gnal s

For  Cont r ol  Wi r i ng f or  Bi nar y Si gnal s,  pr ovi de 18 AWG ( 1. 02 mm di amet er )  
18 AWG copper  or  t hi cker  wi r e r at ed f or  300- vol t  ser vi ce.

2. 4. 3   Cont r ol  Wi r i ng f or  Anal og Si gnal s

For  Cont r ol  Wi r i ng f or  Anal og Si gnal s,  pr ovi de 18 AWG ( 1. 02 mm di amet er )  
18 AWG or  t hi cker ,  copper ,  s i ngl e-  or  mul t i pl e- t wi st ed wi r e meet i ng t he 
f ol l owi ng r equi r ement s:
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a.  mi ni mum 50 mm ( 2 i nch)  2 i nch l ay of  t wi st

b.  100 per cent  shi el ded pai r s

c.  at  l east  300- vol t  i nsul at i on

d.  each pai r  has a 20 AWG t i nned- copper  dr ai n wi r e and i ndi v i dual  over al l  
pai r  i nsul at i on

e.  cabl es have an over al l  al umi num- pol yest er  or  t i nned- copper  cabl e- shi el d 
t ape,  over al l  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.

2. 4. 4   Power  Wi r i ng f or  Cont r ol  Devi ces

For  24- vol t  c i r cui t s,  pr ovi de i nsul at ed copper  18 AWG or  t hi cker  wi r e 
r at ed f or  300 VAC ser vi ce.   For  120- vol t  c i r cui t s,  pr ovi de 14 AWG or  
t hi cker  st r anded copper  wi r e r at ed f or  600- vol t  ser vi ce.

2. 4. 5   Tr ansf or mer s

Pr ovi de UL 5085- 3 appr oved t r ansf or mer s.   Sel ect  t r ansf or mer s s i zed so 
t hat  t he connect ed l oad i s no gr eat er  t han 80 per cent  of  t he t r ansf or mer  
r at ed capaci t y.

2. 5   AUTOMATI C CONTROL VALVES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Bal l  val ves ar e gener al l y l ess expensi ve t han 
gl obe val ves,  but  because of  pot ent i al  cavi t at i on 
pr obl ems shoul d onl y be used i n 2- posi t i on and 
chi l l ed wat er  appl i cat i ons.   I t  i s  r ecommended t hat  
you coor di nat e t hei r  use wi t h t he l ocal  mai nt enance 
st af f  because unl i ke gl obe val ves,  mai nt enance i s 
mor e l i kel y t o r equi r e compl et e r emoval  of  t he val ve.

Show each val ve' s Kv ( m̂ 3/ hr )  and/ or  Cv ( gal / mi n)  on 
t he Val ve Schedul e.   Kv = 0. 857 x Cv.   Modul at i ng 
cont r ol  val ves shoul d be si zed f or  maxi mum f ul l  f l ow 
pr essur e dr op bet ween 50 per cent  and 100 per cent  
( t ypi cal l y bet ween 21 -  34 kPa 3 -  5 psi g of  t he 
br anch ci r cui t  i t  i s  cont r ol l i ng.   Two posi t i on 
val ves must  be t he same si ze as t he connect ed pi pi ng.

Val ves havi ng cl ass I V l eakage r at i ngs ar e t ypi cal l y 
used i n pr ocess appl i cat i ons r at her  t han HVAC.   
Cl ass I I I  l eakage r at i ngs ar e t ypi cal  f or  HVAC 
appl i cat i ons unl ess st r i ct  envi r onment al  cont r ol  i s  
r equi r ed.

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

Pr ovi de val ves wi t h st ai nl ess- st eel  st ems and st uf f i ng boxes wi t h ext ended 
necks t o c l ear  t he pi pi ng i nsul at i on.   Pr ovi de val ves wi t h bodi es meet i ng 
ASME B16. 34 or  ASME B16. 15 pr essur e and t emper at ur e c l ass r at i ngs based on 
t he desi gn oper at i ng t emper at ur e and 150 per cent  of  t he syst em desi gn 
oper at i ng pr essur e.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  pr ovi de 
val ves meet i ng FCI  70- 2 [ Cl ass I I I  l eakage r at i ng] [ Cl ass I V l eakage r at i ng 
] .   Pr ovi de val ves r at ed f or  modul at i ng or  t wo- posi t i on ser vi ce as 
i ndi cat ed,  whi ch c l ose agai nst  a di f f er ent i al  pr essur e i ndi cat ed as t he 
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Cl ose- Of f  pr essur e and whi ch ar e Nor mal l y- Open,  Nor mal l y- Cl osed,  or  
Fai l - I n- Last - Posi t i on as i ndi cat ed.

2. 5. 1   Val ve Type

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci al  at t ent i on must  be pai d t o syst em 
pr essur e f or  hot  wat er  appl i cat i ons.   Bal l  val ves 
ar e mor e suscept i bl e t o cavi t at i on t han gl obe val ves 
havi ng t he same pr essur e dr op due t o hi gher  i nt er nal  
vel oci t i es i n t he bal l  val ve.   To pr event  cavi t at i on 
wi t hi n t he val ve,  t he desi gner  may need t o i ncr ease 
t he hydr oni c syst em pr essur e.   Cavi t at i on can occur  
when usi ng bal l  val ves f or  hot  wat er  ser vi ce due t o 
t he i ncr eased i nt er nal  vel oci t y t hr ough t he bal l  
val ve.   The desi gner  shoul d t ake i n t o consi der at i on 
t he dr op i n syst em pr essur e t hr ough t he val ve t o 
pr event  cavi t at i on at  t he out l et  of  t he val ve.

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

2. 5. 1. 1   Li qui d Ser vi ce 150 Degr ees F or  Less

Use ei t her  gl obe val ves or  bal l  val ves except  t hat  but t er f l y val ves may be 
used f or  s i zes 100 mm 4 i nch and l ar ger .

2. 5. 1. 2   Li qui d Ser vi ce Above 150 Degr ees F

a.   Two- posi t i on val ves:  Use ei t her  gl obe val ves or  bal l  val ves except  
t hat  but t er f l y val ves may be used f or  s i zes 100 mm 4 i nch and l ar ger .

b.   Modul at i ng val ves:  Use gl obe val ves except  t hat  but t er f l y val ves may 
be used f or  s i zes 100 mm 4 i nch and l ar ger .

2. 5. 1. 3   St eam Ser vi ce

Use gl obe val ves except  t hat  but t er f l y val ves may be used f or  s i zes 100 mm 
4 i nch and l ar ger .

2. 5. 2   Val ve Fl ow Coef f i c i ent  and Fl ow Char act er i st i c

2. 5. 2. 1   Two- Way Modul at i ng Val ves

Pr ovi de t he val ve coef f i c i ent  ( Kv)  ( Cv)  i ndi cat ed.   Pr ovi de 
equal - per cent age f l ow char act er i st i c f or  l i qui d ser vi ce except  f or  
but t er f l y val ves.   Pr ovi de l i near  f l ow char act er i st i c f or  st eam ser vi ce 
except  f or  but t er f l y val ves.

2. 5. 2. 2   Thr ee- Way Modul at i ng Val ves

Pr ovi de t he val ve coef f i c i ent  ( Kv)  ( Cv)  i ndi cat ed.   Pr ovi de l i near  f l ow 
char act er i st i c wi t h const ant  t ot al  f l ow t hr oughout  f ul l  pl ug t r avel .

2. 5. 3   Two- Posi t i on Val ves

Use f ul l  l i ne s i ze f ul l  por t  val ves wi t h maxi mum avai l abl e ( Kv)  ( Cv) .
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2. 5. 4   Gl obe Val ves

2. 5. 4. 1   Li qui d Ser vi ce Not  Exceedi ng 66 Degr ees C 150 Degr ees F

a.   Val ve body and body connect i ons:

( 1)  val ves 38 mm 1- 1/ 2 i nches and smal l er :   br ass or  br onze body,  wi t h 
t hr eaded or  uni on ends 

( 2)  val ves f r om 51 mm t o 76 mm 2 i nches t o 3 i nches i ncl usi ve:   br ass,  
br onze,  or  i r on bodi es.  51 mi l l i met er s2 i nch val ves wi t h t hr eaded 
connect i ons;   63 t o 76 mm 2- 1/ 2 t o 3 i nches val ves wi t h f l anged 
connect i ons  

b.   I nt er nal  val ve t r i m:  Br ass or  br onze.

c.   St ems:   St ai nl ess st eel .

d.   Pr ovi de val ves compat i bl e wi t h a sol ut i on of  50 per cent  et hyl ene or  
pr opyl ene gl ycol .

2. 5. 4. 2   Li qui d Ser vi ce Not  Exceedi ng 121 Degr ees C 250 Degr ees F

a.   Val ve body and body connect i ons:

( 1)  val ves 38 mm 1- 1/ 2 i nches and smal l er :   br ass or  br onze body,  
wi t h t hr eaded or  uni on ends 

( 2)  val ves f r om 51 mm t o 76 mm 2 i nches t o 3 i nches i ncl usi ve:   
br ass,  br onze,  or  i r on bodi es.  51 mi l l i met er s2 i nch val ves wi t h 
t hr eaded connect i ons;   63 t o 76 mm 2- 1/ 2 t o 3 i nches val ves wi t h 
f l anged connect i ons  

b.   I nt er nal  t r i m:   Type 316 st ai nl ess st eel  i ncl udi ng seat s,  seat  r i ngs,  
modul at i on pl ugs,  val ve st ems,  and spr i ngs.

c.   Pr ovi de val ves wi t h non- met al l i c  par t s 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 250 degr ees F or  28 
degr ees C 50 degr ees F above t he syst em desi gn t emper at ur e,  whi chever  
i s hi gher .

d.   Pr ovi de val ves compat i bl e wi t h a sol ut i on of  50 per cent  et hyl ene or  
pr opyl ene gl ycol

2. 5. 4. 3   Hot  wat er  ser vi ce 121 Degr ees C 250 Degr ees F and above

a.   Pr ovi de val ve bodi es conf or mi ng t o ASME B16. 34 Cl ass 300.   For  val ves 
25 mm 1 i nch and l ar ger  pr ovi de val ves wi t h bodi es whi ch ar e car bon 
st eel ,  gl obe t ype wi t h wel ded ends.  For  val ves smal l er  t han 25 mm 1 
i nch pr ovi de val ves wi t h socket - wel d ends.   Pr ovi de val ves wi t h v i r gi n 
pol yt et r af l uor oet hyl ene ( PTFE)  packi ng.   Pr ovi de val ve and act uat or  
combi nat i ons whi ch ar e nor mal l y c l osed.

b.   I nt er nal  t r i m:   Type 316 st ai nl ess st eel  i ncl udi ng seat s,  seat  r i ngs,  
modul at i on pl ugs,  val ve st ems,  and spr i ngs.

2. 5. 4. 4   St eam Ser vi ce

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:    For  modul at i ng val ves at  103 kPa 15 psi g or  
l ess i nl et  st eam pr essur e,  t he desi gn pr essur e dr op 
shoul d be 80 per cent  of  t he i nl et  gauge pr essur e.   
Hi gher  t han 103 kPa 15 psi g i nl et  st eam pr essur e,  
t he pr essur e dr op must  be 42 per cent  of  t he i nl et  
absol ut e pr essur e.

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

For  st eam ser vi ce,  pr ovi de val ves meet i ng t he f ol l owi ng r equi r ement s:

a.   Val ve body and connect i ons:    

( 1)  val ves 38 mm 1- 1/ 2 i nches and smal l er :  compl et e body of  br ass 
or  br onze,  wi t h t hr eaded or  uni on ends

( 2)  val ves f r om 51 mm t o 76 mm 2 i nches t o 3 i nches i ncl usi ve:  
body of  br ass,  br onze,  or  car bon st eel

( 3)  val ves 100 mm 4 i nches and l ar ger :  body of  car bon st eel .   50 mm
 2 i nch val ves wi t h t hr eaded connect i ons;  val ves 63 mm2- 1/ 2 i nches 
and l ar ger  wi t h f l anged connect i ons.

b.   I nt er nal  Tr i m:  Type 316 st ai nl ess st eel  i ncl udi ng seat s,  seat  r i ngs,  
modul at i on pl ugs,  val ve st ems,  and spr i ngs.

c.   Val ve s i z i ng:   s i zed f or  [ 103. 4 kPa]  [ 15 psi g]  [ _____]  i nl et  st eam 
pr essur e wi t h a maxi mum [ 83 kPa]  [ 12 psi ]  [ _____]  di f f er ent i al  t hr ough 
t he val ve at  r at ed f l ow,  except  wher e i ndi cat ed ot her wi se.

2. 5. 5   Bal l  Val ves

2. 5. 5. 1   Li qui d Ser vi ce Not  Exceedi ng 66 Degr ees C 150 Degr ees F

a.   Val ve body and connect i ons:

( 1)  val ves 38 mm 1- 1/ 2 i nches and smal l er :  bodi es of  br ass or  
br onze,  wi t h t hr eaded or  uni on ends

( 2)  val ves f r om 51 mm t o 76 mm 2 i nches t o 3 i nches i ncl usi ve:   
bodi es of  br ass,  br onze,  or  i r on.   50 mm 2 i nch val ves wi t h 
t hr eaded connect i ons;  val ves f r om  63 t o 76 mm 2- 1/ 2 t o 3 i nches 
wi t h f l anged connect i ons.

b.   Bal l :   St ai nl ess st eel  or  ni ckel - pl at ed br ass or  chr ome- pl at ed br ass.  

c.   Seal s:  Rei nf or ced Tef l on seal s and EPDM O- r i ngs.

d.   St em:   St ai nl ess st eel ,  bl ow- out  pr oof .

e.   Pr ovi de val ves compat i bl e wi t h a sol ut i on of  50 per cent  et hyl ene or  
pr opyl ene gl ycol .

2. 5. 6   But t er f l y Val ves

Pr ovi de but t er f l y val ves whi ch ar e t hr eaded l ug t ype sui t abl e f or  dead- end 
ser vi ce and 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  wi t h duct i l e i r on bodi es i n accor dance wi t h ASTM A536.   Pr ovi de 
but t er f l y val ves wi t h non- cor 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 - 28. 9 
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t o +121. 1 degr ees C - 20 t o +250 degr ees F.   Pr ovi de val ves wi t h r at ed Kv Cv
 of  t he  Kv Cv at  70 per cent  ( 60 degr ees)  open posi t i on.   Pr ovi de val ves 
meet i ng FCI  70- 2 Cl ass VI  l eakage r at i ng.

2. 5. 7   Pr essur e I ndependent  Cont r ol  Val ves ( PI CV)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr essur e i ndependent  cont r ol  val ves mi ni mi ze 
f l ow f l uct uat i ons due t o changes i n pi pi ng 
pr essur e.   These val ves ar e mor e expensi ve t han 
ot her  cont r ol  val ve opt i ons,  but  can pr ovi de mor e 
st eady pr ocess cont r ol  wher e f ast  changes i n pi pi ng 
pr essur e ar e expect ed.

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

Pr ovi de pr essur e i ndependent  cont r ol  val ves whi ch i ncl ude a r egul at or  
val ve whi ch mai nt ai ns t he di f f er ent i al  pr essur e acr oss a f l ow cont r ol  
val ve.   Pr essur e i ndependent  cont r ol  val ves must  accur at el y cont r ol  t he 
f l ow f r om 0- 100 per cent  f ul l  r at ed f l ow r egar dl ess of  changes i n t he 
pi pi ng pr essur e and not  var y t he f l ow mor e t han pl us or  mi nus 5 per cent  at  
any gi ven f l ow cont r ol  val ve posi t i on when t he PI CV di f f er ent i al  pr essur e 
l i es bet ween t he manuf act ur er ' s st at ed mi ni mum and maxi mum.   The r at ed 
mi ni mum di f f er ent i al  pr essur e f or  st eady f l ow must  not  exceed 34. 5 kPa 5 
psi d acr oss t he PI CV.   Pr ovi de ei t her  gl obe or  bal l  t ype val ves meet i ng 
t he i ndi cat ed r equi r ement s f or  gl obe and bal l  val ves.    Pr ovi de val ves 
wi t h a f l ow t ag l i s t i ng f ul l  r at ed f l ow and mi ni mum r equi r ed pr essur e 
dr op.   Pr ovi de val ves wi t h f act or y i nst al l ed Pr essur e/ Temper at ur e por t s 
( " Pet e' s Pl ugs" )  t o measur e t he pr essur e dr op t o det er mi ne t he val ve f l ow 
r at e.

2. 5. 8   Duct - Coi l  and Ter mi nal - Uni t - Coi l  Val ves

For  duct  or  t er mi nal - uni t  coi l s pr ovi de cont r ol  val ves wi t h ei t her  
[ f l ar e- t ype] [ scr ew t ype]  or  sol der - t ype ends.   Pr ovi de f l ar e nut s f or  each 
f l ar e- t ype end val ve.

2. 6   DAMPERS

2. 6. 1   Damper  Assembl y

Pr ovi de si ngl e damper  sect i ons wi t h bl ades no l onger  t han 1. 2 m 48 i nches 
and whi ch ar e no hi gher  t han 1. 8 m 72 i nches and damper  bl ade wi dt h of   
203 mm 8 i nches or  l ess.   When l ar ger  s i zes ar e r equi r ed,  combi ne damper  
sect i ons.   Pr ovi de damper s made of  st eel ,  or  ot her  mat er i al s wher e 
i ndi cat ed and wi t h assembl y f r ames const r uct ed of  2. 8 mm 0. 07 i nch mi ni mum 
t hi ckness [ gal vani zed] [ st ai nl ess]  st eel  channel s wi t h mi t er ed and wel ded 
cor ner s.   St eel  channel  f r ames const r uct ed of  1. 5 mm 0. 06 i nch mi ni mum 
t hi ckness ar e accept abl e pr ovi ded t he cor ner s ar e r ei nf or ced.

a.   Fl at  bl ades must  be made r i gi d by f ol di ng t he edges.   Bl ade- oper at i ng 
l i nkages must  be wi t hi n t he f r ame so t hat  bl ade- connect i ng devi ces 
wi t hi n t he same damper  sect i on must  not  be l ocat ed di r ect l y i n t he ai r  
st r eam.   

b.   Damper  axl es must  be 13 mm 1/ 2 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 must  be suppor t ed by t hr ust  bear i ngs.

c.   Pr ovi de damper s whi ch do not  exceed a pr essur e dr op t hr ough t he damper  
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of   10 Pa 0. 04 i nches wat er  gauge at  5 m/ s 1000 f t / mi n i n t he 
wi de- open posi t i on.   Pr ovi de damper s wi t h f r ames not  l ess t han 50 mm 2 
i nch i n wi dt h.   Pr ovi de damper s whi ch have been t est ed i n accor dance 
wi t h AMCA 500- D.

2. 6. 2   Oper at i ng Li nkages

For  oper at i ng l i nks ext er nal  t o damper s,  such as cr ank ar 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,  pr ovi de l i nks abl e t o wi t hst and a l oad equal  t o at  l east  300 
per cent  of  t he maxi mum r equi r ed damper - oper at i ng f or ce wi t hout  def or mi ng.   
Rod l engt hs must  be adj ust abl e.   Li nks must  be br ass,  br onze,  z i nc- coat ed 
st eel ,  or  st ai nl ess st eel .   Wor ki ng par t s of  j oi nt s and cl evi ses must  be 
br ass,  br onze,  or  st ai nl ess st eel .   Adj ust ment s of  cr ank ar ms must  cont r ol  
t he open and cl osed posi t i ons of  damper s.

2. 6. 3   Damper  Types

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  As of  Jul y 2009,  UFC 4- 010- 01 r equi r es a 
maxi mum OA damper  l eakage of  15 L/ s per  squar e met er  
at  249 Pa 3 cf m per  squar e f oot  at  1 i wc st at i c,  
whi ch i s a Cl ass 1A damper .   I f  t hi s UFC or  a 
s i mi l ar  r equi r ement  f or  a l ow- l eakage damper  i s 
appl i cabl e t o t he pr oj ect  sel ect  Cl ass 1A.

Ot her wi se:
1)  I f  t he appl i cat i on i s i n a ver y col d c l i mat e or  
wher e t he syst em r uns cont i nuousl y consi der  
sel ect i ng Cl ass 1.

2)  I n ot her  f l ow cont r ol  appl i cat i ons sel ect  Cl ass 2

For  r ef er ence onl y,  AMCA 511 l eakage cl assi f i cat i ons 
at  1017 Pa 4 i wc st at i c ar e:
Cl ass 1A:  N/ A.

Cl ass 1:  41 L/ s per  squar e met er  8 cf m per  squar e 
f oot  of  damper  ar ea.

Cl ass 2:  102 L/ s per  squar e met er  20 cf m per  squar e 
f oot  of  damper  ar ea.

Cl ass 3:  406 L/ s per  squar e met er  80 cf m per  squar e 
f oot  of  damper  ar ea.

AMCA 511 l eakage cl assi f i cat i ons at  256 Pa 1 i wc 
st at i c ar e:
Cl ass 1A:  15 L/ s per  squar e met er  3 cf m per  squar e 
f oot  of  damper  ar ea.

Cl ass 1:  20 L/ s per  squar e met er  4 cf m per  squar e 
f oot  of  damper  ar ea.

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

2. 6. 3. 1   Fl ow Cont r ol  Damper s

Pr ovi de par al l el - bl ade or  opposed bl ade t ype damper s f or  out si de ai r ,  
r et ur n ai r ,  r el i ef  ai r ,  exhaust ,  f ace and bypass damper s as i ndi cat ed on 

SECTI ON 23 09 13  Page 19



t he Damper  Schedul e.   Bl ades must  have i nt er l ocki ng edges.   The channel  
f r ames of  t he damper s must  be pr ovi ded wi t h j amb seal s t o mi ni mi ze ai r  
l eakage.   Unl ess ot her wi se i ndi cat ed,  damper s must  meet  AMCA 511 [ Cl ass 
1A] [ Cl ass 1] [ Cl ass 2]  r equi r ement s.   Out si de ai r  damper  seal s must  be 
sui t abl e f or  an oper at i ng t emper at ur e r ange of  - 40 t o +75 degr ees C - 40 t o 
+167 degr ees F.   Damper s must  be r at ed at  not  l ess t han 10 m/ s 2000 f t / mi n 
ai r  vel oci t y.

2. 6. 3. 2   Mechani cal  Rooms and Ot her  Ut i l i t y  Space Vent i l at i on Damper s

Pr ovi de ut i l i t y  space vent i l at i on damper s as i ndi cat ed.   Unl ess ot her wi se 
i ndi cat ed pr ovi de AMCA 511 cl ass 3 damper s.   Pr ovi de damper s r at ed at  not  
l ess t han 7. 6 m/ s 1500 f t / mi n ai r  vel oci t y.

2. 6. 3. 3   Smoke Damper s

Pr ovi de smoke- damper  and act uat or  assembl i es  whi ch meet  t he cur r ent  
r equi r ement s of  NFPA 90A,  UL 555,  and UL 555S.   For  combi nat i on f i r e and 
smoke damper s pr ovi de damper s r at ed f or  121 degr ees C 250 degr ees F Cl ass 
I I  l eakage per  UL 555S.

2. 7   SENSORS AND I NSTRUMENTATI ON

Unl ess ot her wi se speci f i ed,  pr ovi de sensor s and i nst r ument at i on whi ch 
i ncor por at e an i nt egr al  t r ansmi t t er .   Sensor s and i nst r ument at i on,  
i ncl udi ng t hei r  t r ansmi t t er s,  must  meet  t he speci f i ed accur acy and dr i f t  
r equi r ement s at  t he i nput  of  t he connect ed DDC Har dwar e' s 
anal og- t o- di gi t al  conver si on.

2. 7. 1   Anal og and Bi nar y Tr ansmi t t er s

Pr ovi de t r ansmi t t er s whi ch mat ch t he char act er i st i cs of  t he sensor .   
Tr ansmi t t er s pr ovi di ng anal og val ues must  pr oduce a l i near  4- 20 mAdc,  0- 10 
Vdc si gnal  cor r espondi ng t o t he r equi r ed oper at i ng r ange and must  have 
zer o and span adj ust ment .   Tr ansmi t t er s pr ovi di ng bi nar y val ues must  have 
dr y cont act s r at ed at  1A at  24 Vol t s AC.

2. 7. 2   Net wor k Tr ansmi t t er s

Sensor s and I nst r ument at i on i ncor por at i ng an i nt egr al  net wor k connect i on 
ar e consi der ed DDC Har dwar e and must  meet  t he DDC Har dwar e r equi r ement s of  
Sect i on 23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER 
BUI LDI NG CONTROL SYSTEMS when used i n a Lonwor ks net wor k,  or  t he 
r equi r ement s of  23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND 
OTHER BUI LDI NG CONTROL SYSTEMS when used i n a BACnet  net wor k.

2. 7. 3   Temper at ur e Sensor s

Pr ovi de t he same sensor  t ype t hr oughout  t he pr oj ect .   Temper at ur e sensor s 
may be pr ovi ded wi t hout  t r ansmi t t er s.   Wher e t r ansmi t t er s ar e used,  t he 
r ange must  be t he smal l est  avai l abl e f r om t he manuf act ur er  and sui t abl e 
f or  t he appl i cat i on such t hat  t he r ange encompasses t he expect ed r ange of  
t emper at ur es t o be measur ed.   The end t o end accur acy i ncl udes t he 
combi ned ef f ect  of  sensi t i v i t y,  hyst er esi s,  l i near i t y and r epeat abi l i t y  
bet ween t he measur ed var i abl e and t he end user  i nt er f ace ( gr aphi c 
pr esent at i on)  i ncl udi ng t r ansmi t t er s i f  used.
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2. 7. 3. 1   Sensor  Accur acy and St abi l i t y  of  Cont r ol

2. 7. 3. 1. 1   Condi t i oned Space Temper at ur e

Pl us or  mi nus 0. 3 degr ees C 0. 5 degr ee F over  t he oper at i ng r ange.

2. 7. 3. 1. 2   Uncondi t i oned Space Temper at ur e

a.   Pl us or  mi nus 0. 6 degr ees C 1 degr ee F over  t he r ange of  - 1 t o +55 
degr ees C 30 t o 131 degr ees F AND

b.   Pl us or  mi nus 2 degr ees C 4 degr ees F over  t he r est  of  t he oper at i ng 
r ange.

2. 7. 3. 1. 3   Duct  Temper at ur e

Pl us or  mi nus 0. 3 degr ees C 0. 5 degr ee F

2. 7. 3. 1. 4   Out si de Ai r  Temper at ur e

a.   Pl us or  mi nus 1 degr ee C 2 degr ees F over  t he r ange of  - 35 t o +55 
degr ees C - 30 t o +130 degr ees F AND

b.   Pl us or  mi nus 0. 6 degr ees C 1 degr ee F over  t he r ange of  - 1 t o +40 
degr ees C 30 t o 130 degr ees F.

2. 7. 3. 1. 5   Hi gh Temper at ur e Hot  Wat er

Pl us or  mi nus 2 degr ees C 3. 6 degr ees F.

2. 7. 3. 1. 6   Chi l l ed Wat er

Pl us or  mi nus 0. 4 degr ees C 0. 8 degr ees F over  t he r ange of  2 t o 18 
degr ees C 35 t o 65 degr ees F.

2. 7. 3. 1. 7   Dual  Temper at ur e Wat er

Pl us or  mi nus 1 degr ee C 2 degr ees F.

2. 7. 3. 1. 8   Heat i ng Hot  Wat er

Pl us or  mi nus 1 degr ee C 2 degr ees F.

2. 7. 3. 1. 9   Condenser  Wat er

Pl us or  mi nus 1 degr ee C 2 degr ees F.

2. 7. 3. 2   Tr ansmi t t er  Dr i f t

The maxi mum al l owabl e t r ansmi t t er  dr i f t :  0. 1 degr ees C 0. 25 degr ees F per  
year .  

2. 7. 3. 3   Poi nt  Temper at ur e Sensor s

Poi nt  Sensor s must  be encapsul at ed i n epoxy,  ser i es 300 st ai nl ess st eel ,  
anodi zed al umi num,  or  copper .
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2. 7. 3. 4   Temper at ur e Sensor  Det ai l s

2. 7. 3. 4. 1   Room Type

Pr ovi de t he sensi ng el ement  component s wi t hi n a decor at i ve pr ot ect i ve 
cover  sui t abl e f or  sur r oundi ng decor .

2. 7. 3. 4. 2   Duct  Pr obe Type

Ensur e t he pr obe i s l ong enough t o pr oper l y sense t he ai r  st r eam 
t emper at ur e.

2. 7. 3. 4. 3   Duct  Aver agi ng Type

Cont i nuous aver agi ng sensor s must  be one f oot  i n l engt h f or  each 0. 1 
squar e m 1 squar e f oot  of  duct  cr oss- sect i onal  ar ea,  and a mi ni mum l engt h 
of  1. 5 m 5 f eet .

2. 7. 3. 4. 4   Pi pe I mmer si on Type

For  pi pes wi t h l ar ger  t han 7. 6 cm 3 i nch di amet er ,  pr ovi de mi ni mum  7. 6 cm 
3 i nch i mmer si on.   For  pi pes wi t h l ess t han 7. 6 cm 3 i nch di amet er ,  
pr ovi de i mmer si on at  l east  hal f  t he di amet er  of  t he pi pe.   Pr ovi de each 
sensor  wi t h a cor r espondi ng pi pe- mount ed sensor  wel l ,  unl ess i ndi cat ed 
ot her wi se.   Sensor  wel l s must  be st ai nl ess st eel  when used i n st eel  
pi pi ng,  and br ass when used i n copper  pi pi ng.

2. 7. 3. 4. 5   Out si de Ai r  Type

Pr ovi de t he sensi ng el ement  r at ed f or  out door  use

2. 7. 4   Rel at i ve Humi di t y Sensor

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   3 per cent  RH Accur acy may be suf f i c i ent  f or  
t ypi cal  comf or t  cool i ng appl i cat i ons.   For  
appl i cat i ons wi t h mor e st r i ngent  r equi r ement s,  a 2 
per cent  RH accur acy may be desi r ed.

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

Rel at i ve humi di t y sensor s must  use bul k pol ymer  r esi st i ve or  t hi n f i l m 
capaci t i ve t ype non- sat 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.   The sensor s must  i ncl ude r emovabl e pr ot ect i ve membr ane 
f i l t er s.   Wher e r equi r ed f or  ext er i or  i nst al l at i on,  sensor s must  be 
capabl e of  sur vi v i ng bel ow f r eezi ng t emper at ur es and di r ect  cont act  wi t h 
moi st ur e wi t hout  af f ect i ng sensor  cal i br at i on.   When used i ndoor s,  t he 
sensor  must  be capabl e of  bei ng exposed t o a condensi ng ai r  st r eam ( 100 
per cent  r el at i ve humi di t y)  wi t h no adver se ef f ect  t o t he sensor ' s 
cal i br at i on or  ot her  har m t o t he i nst r ument .   The sensor  must  be of  t he 
wal l - mount ed or  duct - mount ed t ype,  as r equi r ed by t he appl i cat i on,  and 
must  be pr ovi ded wi t h any r equi r ed accessor i es.   Sensor s used i n duct  
hi gh- l i mi t  appl i cat i ons must  have a bul k pol ymer  r esi st i ve sensi ng 
el ement .   Duct - mount ed sensor s must  be pr ovi ded wi t h a duct  pr obe desi gned 
t o pr ot ect  t he sensi ng el ement  f r om dust  accumul at i on and mechani cal  
damage.   Rel at i ve humi di t y ( RH)  sensor s must  measur e r el at i ve humi di t y 
over  a r ange of  0 per cent  t o 100 per cent  wi t h an accur acy of  pl us or  mi nus 
[ 2] [ 3]  per cent .   RH sensor s must  f unct i on over  a t emper at ur e r ange of  4. 4 
t o 57. 2 degr ees C 40 t o 135 degr ees F and must  not  dr i f t  mor e t han 1 

SECTI ON 23 09 13  Page 22



per cent  per  year .

2. 7. 5   Car bon Di oxi de ( CO2)  Sensor s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n appl i cat i ons wher e t he expect ed out si de 
ai r  t emper at ur e r ange exceeds t he l i s t ed val ues,  t he 
desi gner  must  make accommodat i ons t o pl ace t o OA CO 
Sensor  i n a condi t i oned 100 per cent  Out si de 
Ai r st r eam.

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

Pr ovi de phot omet r i c t ype CO2 sensor s wi t h i nt egr al  t r ansducer s and l i near  
out put .  Car bon di oxi de ( CO2)  sensor s must  measur e CO2 concent r at i ons 
bet ween 0 t o 2000 par t s per  mi l l i on ( ppm)  usi ng non- di sper si bl e i nf r ar ed 
( NDI R)  t echnol ogy wi t h an accur acy of  pl us or  mi nus 50 ppm and a maxi mum 
r esponse t i me of  1 mi nut e.   The sensor  must  be r at ed f or  oper at i on at  
ambi ent  ai r  t emper at ur es wi t hi n t he r ange of  0 t o 50 degr ees C 32 t o 122 
degr ees F and r el at i ve humi di t y wi t hi n t he r ange of  20 t o 95 per cent  
( non- condensi ng) .   The sensor  must  have a maxi mum dr i f t  of  2 per cent  per  
year .   The sensor  chamber  must  be manuf act ur ed wi t h a non- cor r osi ve 
mat er i al  t hat  does not  af f ect  car bon di oxi de sampl e concent r at i on.   Duct  
mount ed sensor s must  be pr ovi ded wi t h a duct  pr obe desi gned t o pr ot ect  t he 
sensi ng el ement  f r om dust  accumul at i on and mechani cal  damage.   The sensor  
must  have a cal i br at i on i nt er val  no l ess t han 5 year s.

2. 7. 6   Di f f er ent i al  Pr essur e I nst r ument at i on

2. 7. 6. 1   Di f f er ent i al  Pr essur e Sensor s

Pr ovi de Di f f er ent i al  Pr essur e Sensor s wi t h r anges as i ndi cat ed or  as 
r equi r ed f or  t he appl i cat i on.   Pr essur e sensor  r anges must  not  exceed t he 
hi gh end r ange i ndi cat ed on t he Poi nt s Schedul e by mor e t han 50 per cent .   
The over  pr essur e r at i ng must  be a mi ni mum of  150 per cent  of  t he hi ghest  
desi gn pr essur e of  ei t her  i nput  t o t he sensor .   The accur acy must  be pl us 
or  mi nus 1 per cent  of  f ul l  scal e.  The sensor  must  have a maxi mum dr i f t  of  
2 per cent  per  year

2. 7. 6. 2   Di f f er ent i al  Pr essur e Swi t ch

Pr ovi de di f f er ent i al  pr essur e swi t ches wi t h a user - adj ust abl e set poi nt  
whi ch ar e s i zed f or  t he appl i cat i on such t hat  t he set poi nt  i s  bet ween 25 
per cent  and 75 per cent  of  t he f ul l  r ange.   The over  pr essur e r at i ng must  
be a mi ni mum of  150 per cent  of  t he hi ghest  desi gn pr essur e of  ei t her  i nput  
t o t he sensor .   The swi t ch must  have t wo set s of  cont act s and each cont act  
must  have a r at i ng gr eat er  t han i t ' s  connect ed l oad.   Cont act s must  open 
or  c l ose upon r i se of  pr essur e above t he set poi nt  or  dr op of  pr essur e 
bel ow t he set poi nt  as i ndi cat ed.

2. 7. 7   Fl ow Sensor s

2. 7. 7. 1   Ai r f l ow Measur ement  Ar r ay ( AFMA)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Car e shoul d be ut i l i zed i n det er mi ni ng whi ch 
t echnol ogy i s best  sui t ed f or  t he appl i cat i on.   
Whi l e di f f er ent i al  pr essur e measur ement  i s usual l y 
t he l east  expensi ve,  i t  has l i mi t at i ons on t he 
mi ni mum vel oci t i es i t  can measur e on a r epeat ed 
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basi s.   Due t o t he ver y smal l  pr essur e di f f er ent i al s 
at  vel oci t i es bel ow 400 f pm,  out si de i nf l uences 
( bui l di ng pr essur e,  wi nd vel oci t i es,  et c. )  have a 
gr eat er  ef f ect  on t he r epeat abi l i t y .   When si z i ng 
AFMS f or  appl i cat i ons wher e t he mi ni mum OA and 
economi zer  f unct i ons ar e combi ned i nt o one AFMS ( and 
associ at ed damper ) ,  a r evi ew of  t he condi t i ons at  
t he mi ni mum OA f l ow i s pr udent  t o make sur e t he 
desi r ed AFMS can accur at el y r ead at  t hi s desi gn 
poi nt .

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

2. 7. 7. 1. 1   Ai r f l ow St r ai ght ener

Pr ovi de AFMAs whi ch cont ai n an ai r f l ow st r ai ght ener  i f  r equi r ed by t he 
AFMA manuf act ur er ' s publ i shed i nst al l at i on i nst r uct i ons.   The st r ai ght ener  
must  be cont ai ned i nsi de a f l anged sheet  met al  casi ng,  wi t h t he AFMA 
l ocat ed as speci f i ed accor di ng t o t he publ i shed r ecommendat i on of  t he AFMA 
manuf act ur er .   I n t he absence of  publ i shed document at i on,  pr ovi de ai r f l ow 
st r ai ght ener s i f  t her e i s any duct  obst r uct i on wi t hi n 5 duct  di amet er s 
upst r eam of  t he AFMA.   Ai r - f l ow st r ai ght ener s,  wher e r equi r ed,  must  be 
const r uct ed of  3 mm 0. 125 i nch al umi num honeycomb and t he dept h of  t he 
st r ai ght ener  must  not  be l ess t han 40 mm 1. 5 i nches.

2. 7. 7. 1. 2   Resi st ance t o Ai r f l ow

The r esi st ance t o ai r  f l ow t hr ough t he AFMA,  i ncl udi ng t he ai r f l ow 
st r ai ght ener  must  not  exceed 20 Pa 0. 085 i nch wat er  gauge at  an ai r f l ow of  
10 m/ s 2, 000 f pm.   AFMA const r uct i on must  be sui t abl e f or  oper at i on at  
ai r f l ows of  up t o 25 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.

2. 7. 7. 1. 3   Out si de Ai r  Temper at ur e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ensur e t hat  out si de ai r  t emper at ur e r ange i s 
appr opr i at e f or  t he envi r onment  at  t he pr oj ect  s i t e,  
and pr ovi de a r ange i f  i t ' s  not .

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

I n out si de ai r  measur ement  or  i n l ow- t emper at ur e ai r  del i ver y 
appl i cat i ons,  pr ovi de an AFMA cer t i f i ed by t he manuf act ur er  t o be accur at e 
as speci f i ed over  a t emper at ur e r ange of  [ - 29 t o +49 degr ees C- 20 t o +120 
degr ees F]  [ _____] .

2. 7. 7. 1. 4   Pi t ot  Tube AFMA

Each Pi t ot  Tube AFMA must  cont ai n an ar r ay of  vel oci t y sensi ng el ement s.   
The vel oci t y sensi ng el ement s must  be of  t he mul t i pl e pi t ot  t ube t ype wi t h 
aver agi ng mani f ol ds.   The sensi ng el ement s must  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 speci f i ed or  r ecommended by 
t he publ i shed i nst al l at i on i nst r uct i ons of  t he AFMA manuf act ur er .

a.   Pi t ot  Tube AFMAs f or  use i n ai r f l ows over  3. 0 m/ s 600 f pm must  have an 
accur acy of  pl us or  mi nus 5 per cent  over  a r ange of  2. 5 t o 12. 5 m/ s 
500 t o 2500 f pm.  

b.   Pi t ot  Tube AFMAs f or  use i n ai r f l ows under  3. 0 m/ s 600 f pm must  have 
an accur acy of  pl us or  mi nus 5 per cent  over  a r ange of  0. 6 t o 12. 5 m/ s 
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125 t o 2500 f pm.  

2. 7. 7. 1. 5   El ect r oni c AFMA

Each el ect r oni c AFMA must  consi st  of  an ar r ay of  vel oci t y sensi ng el ement s 
of  t he r esi st ance t emper at ur e det ect or  ( RTD)  or  t her mi st or  t ype.   The 
sensi ng el ement s must  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 speci f i ed or  r ecommended by t he publ i shed appl i cat i on 
dat a of  t he AFMA manuf act ur er .   El ect r oni c AFMAs must  have an accur acy of  
pl us or  mi nus 5 per cent  over  a r ange of  0. 6 t o 12. 5 m/ s 125 t o 5, 000 f pm 
and t he out put  must  be t emper at ur e compensat ed over  a r ange of  0 t o 100 
degr ees C 32 t o 212 degr ees F.

2. 7. 7. 1. 6   Fan I nl et  Measur ement  Devi ces

Fan i nl et  measur ement  devi ces cannot  be used unl ess i ndi cat ed on t he 
dr awi ngs or  schedul es.

2. 7. 7. 2   Or i f i ce Pl at e

Or i f i ce pl at e must  be made of  an aust eni t i c  st ai nl ess st eel  sheet  of  3.  mm 
0. 125 i nch nomi nal  t hi ckness wi t h an accur acy of  pl us or  mi nus 1 per cent  
of  f ul l  f l ow.   The or i f i ce pl at e must  be f l at  wi t hi n 0. 1 mm 0. 002 i nches.   
The or i f i ce sur f ace r oughness must  not  exceed 0. 5 µm 20 mi cr o- i nches.   The 
t hi ckness of  t he cyl i ndr i cal  f ace of  t he or i f i ce must  not  exceed 2 per cent  
of  t he pi pe i nsi de di amet er  or  12. 5 per cent  of  t he or i f i ce di amet er ,  
whi chever  i s smal l er .   The upst r eam edge of  t he or i f i ce must  be squar e and 
shar p.   Wher e or i f i ce pl at es ar e used,  concent r i c or i f i ce pl at es must  be 
used i n al l  appl i cat i ons except  st eam f l ow measur ement  i n hor i zont al  
pi pel i nes.

2. 7. 7. 3   Fl ow Nozzl e

Fl ow nozzl e must  be made of  aust eni t i c  st ai nl ess st eel  wi t h an accur acy of  
pl us or  mi nus 1 per cent  of  f ul l  f l ow.   The i nl et  nozzl e f or m must  be 
el l i pt i cal  and t he nozzl e t hr oat  must  be t he quadr ant  of  an el l i pse.   The 
t hi ckness of  t he nozzl e wal l  and f l ange must  be such t hat  di st or t i on of  
t he nozzl e t hr oat  f r om st r ai ns caused by t he pi pel i ne t emper at ur e and 
pr essur e,  f l ange bol t i ng,  or  ot her  met hods of  i nst al l i ng t he nozzl e i n t he 
pi pel i ne must  not  cause t he accur acy t o degr ade beyond t he speci f i ed 
l i mi t .   The out si de di amet er  of  t he nozzl e f l ange or  t he desi gn of  t he 
f l ange f aci ng must  be such t hat  t he nozzl e t hr oat  must  be cent er ed 
accur at el y i n t he pi pe.

2. 7. 7. 4   Vent ur i  Tube

Vent ur i  t ube must  be made of  cast  i r on or  cast  st eel  and must  have an 
accur acy of  pl us or  mi nus 1 per cent  of  f ul l  f l ow.   The t hr oat  sect i on must  
be l i ned wi t h aust eni t i c  st ai nl ess st eel .   Ther mal  expansi on 
char act er i st i cs of  t he l i ni ng must  be t he same as t hat  of  t he t hr oat  
cast i ng mat er i al .   The sur f ace of  t he t hr oat  l i ni ng must  be machi ned t o a 
pl us or  mi nus 1. 2 µm 50 mi cr o i nch f i ni sh,  i ncl udi ng t he shor t  cur vat ur e 
l eadi ng f r om t he conver gi ng ent r ance sect i on i nt o t he t hr oat .

2. 7. 7. 5   Annul ar  Pi t ot  Tube

Annul ar  pi t ot  t ube must  be made of  aust eni t i c  st ai nl ess st eel  wi t h an 
accur acy of  pl us or  mi nus 2 per cent  of  f ul l  f l ow and a r epeat abi l i t y  of  
pl us or  mi nus 0. 5 per cent  of  measur ed val ue.   The uni t  must  have at  l east  
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one st at i c por t  and no l ess t han f our  t ot al  head pr essur e por t s wi t h an 
aver agi ng mani f ol d.

2. 7. 7. 6   I nser t i on Tur bi ne Fl owmet er

Pr ovi de dual  axi al  t ur bi ne f l owmet er  wi t h al l  i nst al l at i on har dwar e 
necessar y t o enabl e i nser t i on and r emoval  of  t he met er  wi t hout  syst em 
shut down.   Al l  par t s must  meet  or  exceed t he pr essur e c l assi f i cat i on of  
t he pi pe syst em i t  i s  i nst al l ed i n.   I nser t i on Tur bi ne Fl owmet er  accur acy 
must  be pl us or  mi nus 0. 5 per cent  of  r at e at  cal i br at ed vel oci t y. ,  wi t hi n 
pl us or  mi nus of  r at e over  a 10: 1 t ur ndown and wi t hi n pl us or  mi nus 2 
per cent  of  r at e over  a 50: 1 t ur ndown.   Repeat abi l i t y  must  be pl us or  mi nus 
0. 25 per cent  of  r eadi ng.   The met er  f l ow sensi ng el ement  must  oper at e over  
a r ange sui t abl e f or  t he i nst al l ed l ocat i on wi t h a pr essur e l oss l i mi t ed 
t o 1 per cent  of  oper at i ng pr essur e at  maxi mum f l ow r at e.   The f l owmet er  , must  
i ncl ude ei t her  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc 
out put s.   The t ur bi ne r ot or  assembl y must  be const r uct ed of  Ser i es 300 
st ai nl ess st eel  and use Tef l on seal s.

2. 7. 7. 7   Vor t ex Sheddi ng Fl owmet er

Vor t ex Sheddi ng Fl owmet er  accur acy must  be wi t hi n pl us or  mi nus 0. 8 
per cent  of  t he act ual  r eadi ng over  t he r ange of  t he met er .   St eam met er s 
must  cont ai n densi t y compensat i on by di r ect  measur ement  of  t emper at ur e.   
Mass f l ow i nf er r ed f r om speci f i ed st eam pr essur e ar e not  accept abl e.   The 
f l ow met er  body must  be made of  aust eni t i c  st ai nl ess st eel  and i ncl ude a 
weat her  t i ght  NEMA 4X el ect r oni cs encl osur e.   The vor t ex sheddi ng 
f l owmet er  body must  not  r equi r e r emoval  f r om t he pi pi ng i n or der  t o 
r epl ace t he sheddi ng sensor .

2. 7. 7. 8   Ul t r asoni c Fl ow Met er

Pr ovi de Ul t r asoni c Fl ow Met er s compl et e wi t h mat ched t r ansducer s,  sel f  
al i gni ng i nst al l at i on har dwar e and t r ansducer  cabl es.   Ul t r asoni c 
t r ansducer s must  be opt i mi zed f or  t he speci f i c  pi pe and pr ocess condi t i ons 
f or  t he appl i cat i on.   The f l ow met er  accur acy must  pl us or  mi nus 1 per cent  
of  r at e f r om 0. 3 t o 12 met er s/ sec 0 t o 40 f t / sec.   The f l owmet er  must  
i ncl ude ei t her  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc out put .

2. 7. 7. 9   I nser t i on Magnet i c Fl ow Met er

Pr ovi de i nser t i on t ype magnet i c f l owmet er s wi t h al l  i nst al l at i on har dwar e 
necessar y t o enabl e i nser t i on and r emoval  of  t he met er  wi t hout  syst em 
shut down.   Al l  par t s must  meet  or  exceed t he pr essur e c l assi f i cat i on of  
t he pi pe syst em i t  i s  i nst al l ed i n.   Fl owmet er  accur acy must  be no gr eat er  
t han pl us or  mi nus 1 per cent  of  r at e f r om 0. 6 t o 6 met er s/ sec 2 t o 20 
f eet / sec.   Wet t ed mat er i al  par t s must  be 300 ser i es st ai nl ess st eel .   The 
f l owmet er  must  i ncl ude ei t her  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc 
or  0- 5Vdc out put s.

2. 7. 7. 10   Posi t i ve Di spl acement  Fl ow Met er

The f l ow met er  must  be a di r ect  r eadi ng,  ger ot or ,  nut at i ng di sc or  vane 
t ype di spl acement  devi ce r at ed f or  l i qui d ser vi ce as i ndi cat ed.   A count er  
must  be mount ed on t op of  t he met er ,  and must  consi st  of  a non- r eset t abl e 
mechani cal  t ot al i zer  f or  l ocal  r eadi ng,  and a pul se t r ansmi t t er  f or  r emot e 
r eadi ng.   The t ot al i zer  must  have a s i x di gi t  r egi st er  t o i ndi cat e t he 
vol ume passed t hr ough t he met er  i n [ l i t er s]  [ gal l ons] ,  and a sweep- hand 
di al  t o i ndi cat e down t o 1 L 0. 25 gal l ons.   The pul se t r ansmi t t er  must  
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have a her met i cal l y seal ed r eed swi t ch whi ch i s act i vat ed by magnet s f i xed 
on gear s of  t he count er .   The met er  must  have a br onze body wi t h t hr eaded 
or  f l anged connect i ons as r equi r ed f or  t he appl i cat i on.   Out put  accur acy 
must  be pl us or  mi nus 2 per cent  of  t he f l ow r ange.   The maxi mum pr essur e 
dr op at  f ul l  f l ow must  be 34 kPa 5 psi g.

2. 7. 7. 11   Fl ow Met er s,  Paddl e Type

Sensor  must  be non- magnet i c,  wi t h f or war d cur ved i mpel l er  bl ades desi gned 
f or  wat er  cont ai ni ng debr i s.   Sensor  accur acy must  be pl us or  mi nus 1 
per cent  of  r at e of  f l ow,  mi ni mum oper at i ng f l ow vel oci t y must  be 0. 3 
met er s/ second 1 f oot  per  second.   Sensor  r epeat abi l i t y  and l i near i t y must  
be pl us or  mi nus 1 per cent .   Mat er i al s whi ch wi l l  be wet t ed must  be made 
f r om non- cor r osi ve mat er i al s and must  not  cont ami nat e wat er .   The sensor  
must  be r at ed f or  i nst al l at i on i n pi pes of  76 mm t o 1 m 3 t o 40 i nch 
di amet er s.   The t r ansmi t t er  housi ng must  be a NEMA 250 Type 4 encl osur e.

2. 7. 7. 12   Fl ow Swi t ch

Fl ow swi t ch must  have a r epet i t i ve accur acy of  pl us or  mi nus 10 per cent  of  
act ual  f l ow set t i ng.   Swi t ch act uat i on must  be adj ust abl e over  t he 
oper at i ng f l ow r ange,  and must  be si zed f or  t he appl i cat i on such t hat  t he 
set poi nt  i s  bet ween 25 per cent  and 75 per cent  of  t he f ul l  r ange. .   The 
swi t ch must  have For m C snap- act i on cont act s,  r at ed f or  t he appl i cat i on.   
The f l ow swi t ch must  have non f l exi bl e paddl e wi t h magnet i cal l y act uat ed 
cont act s and be r at ed f or  ser vi ce at  a pr essur e gr eat er  t han t he i nst al l ed 
condi t i ons.   Fl ow swi t ch f or  use i n sewage syst em must  be r at ed f or  use i n 
cor r osi ve envi r onment s encount er ed.

2. 7. 7. 13   Gas Fl ow Met er

Gas f l ow met er  must  be di aphr agm or  bel l ows t ype ( gas posi t i ve 
di spl acement  met er s)  f or  f l ows up t o 19. 7 L/ sec 2500 SCFH and axi al  f l ow 
t ur bi ne t ype f or  f l ows above 19. 7 L/ sec 2500 SCFH,  desi gned speci f i cal l y 
f or  nat ur al  gas suppl y met er i ng,  and r at ed f or  t he pr essur e,  t emper at ur e,  
and f l ow r at es of  t he i nst al l at i on.   Met er  must  have a mi ni mum t ur ndown 
r at i o of  10 t o 1 wi t h an accur acy of  pl us or  mi nus 1 per cent  of  act ual  
f l ow r at e.   The met er  i ndex must  i ncl ude a di r ect  r eadi ng mechani cal  
t ot al i z i ng r egi st er  and el ect r i cal  i mpul se dr y cont act  out put  f or  r emot e 
moni t or i ng.  The el ect r i cal  i mpul se dr y cont act  out put  must  not  r equi r e 
f i el d adj ust ment  or  cal i br at i on.   The el ect r i cal  i mpul se dr y cont act  
out put  must  have a mi ni mum r esol ut i on of  3 cubi c met er s 100 cubi c f eet  of  
gas per  pul se and must  not  exceed 15 pul ses per  second at  t he desi gn f l ow.

2. 7. 8   El ect r i cal  I nst r ument s

Pr ovi de El ect r i cal  I nst r ument s wi t h an i nput  r ange as i ndi cat ed or  s i zed 
f or  t he appl i cat i on.   Unl ess ot her wi se speci f i ed,  AC i nst r ument at i on must  
be sui t abl e f or  60 Hz oper at i on.

2. 7. 8. 1   Cur r ent  Tr ansducer s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  t he r equi r ed accur acy f or  cur r ent  
t r ansducer s.   Not e t hat  hi gher  accur acy t r ansducer s 
wi l l  be mor e expensi ve and wi l l  l i kel y r equi r e a 
mor e expensi ve/ bet t er  qual i t y cont r ol l er .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Cur r ent  t r ansducer s must  accept  an AC cur r ent  i nput  and must  have an 
accur acy of  pl us or  mi nus [ 0. 5]  [ 2]  per cent  of  f ul l  scal e.   The devi ce 
must  have a means f or  cal i br at i on.   Cur r ent  t r ansducer s f or  var i abl e 
f r equency appl i cat i ons must  be r at ed f or  var i abl e f r equency oper at i on.

2. 7. 8. 2   Cur r ent  Sensi ng Rel ays ( CSRs)

Cur r ent  sensi ng r el ays ( CSRs)  must  pr ovi de a nor mal l y- open cont act  wi t h a 
vol t age and amper age r at i ng gr eat er  t han i t s connect ed l oad.   Cur r ent  
sensi ng r el ays must  be of  spl i t - cor e desi gn.   The CSR must  be r at ed f or  
oper at i on at  200 per cent  of  t he connect ed l oad.   Vol t age i sol at i on must  be 
a mi ni mum of  600 vol t s.   The CSR must  aut o- cal i br at e t o t he connect ed l oad 
or  be adj ust abl e and f i el d cal i br at ed.   Cur r ent  sensor s f or  var i abl e 
f r equency appl i cat i ons must  be r at ed f or  var i abl e f r equency oper at i on.

2. 7. 8. 3   Vol t age Tr ansducer s

Vol t age t r ansducer s must  accept  an AC vol t age i nput  and have an accur acy 
of  pl us or  mi nus 0. 25 per cent  of  f ul l  scal e.   The devi ce must  have a means 
f or  cal i br at i on.   Li ne s i de f uses f or  t r ansducer  pr ot ect i on must  be 
pr ovi ded.

2. 7. 8. 4   Ener gy Met er i ng

2. 7. 8. 4. 1   Wat t  or  Wat t hour  Tr ansducer s

Wat t  t r ansducer s must  measur e vol t age and cur r ent  and must  out put  kW or   
kWh or  bot h kW and kWh as i ndi cat ed.   kW out put s must  have an accur acy of  
pl us or  mi nus 0. 5 per cent  over  a power  f act or  r ange of  0. 1 t o 1.   kWh 
out put s must  have an accur acy of  pl us or  mi nus 0. 5 per cent  over  a power  
f act or  r ange of  0. 1 t o 1.

2. 7. 8. 4. 2   Wat t hour  Revenue Met er  ( wi t h and wi t hout  Demand Regi st er )

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The i nt ent  of  i ncl udi ng met er s i n t hi s 
Sect i on i s f or  ener gy moni t or i ng as may be r equi r ed 
f or  i nt er f ace t o a UMCS.   Met er s ar e t ypi cal l y onl y 
r equi r ed by t hi s Sect i on f or  r et r of i t  appl i cat i ons.   
Coor di nat i on of  met er  i nst al l at i on and met er  
r equi r ement s wi t h ot her  speci f i cat i ons may be 
r equi r ed.

Sel ect  t he r evenue met er  accur acy as r equi r ed f or  
t he appl i cat i on.   For  most  appl i cat i ons,  t he 0. 5 
accur acy c l ass shoul d be sui t abl e/ suf f i c i ent .   ( Not e 
t he 0. 5 accur acy c l ass al l ows a 0. 5 per cent  er r or ,  
whi l e t he 0. 2 c l ass al l ows 0. 2 per cent ) .

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

Al l  Wat t hour  r evenue met er s must  measur e vol t age and cur r ent  and must  be 
i n accor dance wi t h ANSI  C12. 1 wi t h an ANSI  C12. 20 Accur acy c l ass of  [ 0. 5]  
[ 0. 2]  and must  have pul se i ni t i at or s f or  r emot e moni t or i ng of  Wat t hour  
consumpt i on.   Pul se i ni t i at or s must  consi st  of  f or m C cont act s wi t h a 
cur r ent  r at i ng not  t o exceed t wo amper es and vol t age not  t o exceed 500 V,  
wi t h combi nat i ons of  VA not  t o exceed 100 VA,  and a l i f e r at i ng of  one 
bi l l i on oper at i ons.   Met er  socket s must  be i n accor dance wi t h 
NEMA/ ANSI  C12. 10.   Wat t hour  r evenue met er s wi t h demand r egi st er s must  
out put  i nst ant aneous demand i n addi t i on t o t he pul se i ni t i at or s.
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2. 7. 8. 4. 3   St eam Met er s

St eam met er s must  be t he vor t ex t ype,  wi t h pr essur e compensat i on,  a 
mi ni mum t ur ndown r at i o of  10 t o 1,  and an out put  s i gnal  compat i bl e wi t h 
t he DDC syst em.

2. 7. 8. 4. 4   Hydr oni c BTU Met er s

The BTU met er  i s t o be suppl i ed wi t h wal l  mount  har dwar e and be capabl e of  
bei ng i nst al l ed r emot e f r om t he f l ow met er .  The BTU met er  must  i ncl ude an 
LCD di spl ay f or  l ocal  i ndi cat i on of  ener gy r at e and f or  di spl ay of  
par amet er s and set t i ngs dur i ng conf i gur at i on.  Each BTU met er  must  be 
f act or y conf i gur ed f or  i t s speci f i c  appl i cat i on and be compl et el y f i el d 
conf i gur abl e by t he user  v i a a f r ont  panel  keypad ( no speci al  i nt er f ace 
devi ce or  comput er  r equi r ed) .  The uni t  must  out put  Ener gy Rat e,  Ener gy 
Tot al ,  Fl ow Rat e,  Suppl y Temper at ur e,  and Ret ur n Temper at ur e.  An i nt egr al  
t r ansmi t t er  i s  t o pr ovi de a l i near  anal og or  conf i gur abl e pul se out put  
s i gnal  r epr esent i ng t he ener gy r at e;  and t he si gnal  must  be compat i bl e 
wi t h bui l di ng aut omat i on syst em DDC Har dwar e t o whi ch t he out put  i s 
connect ed.

2. 7. 9   pH Sensor

The sensor  must  be sui t abl e f or  appl i cat i ons and chemi cal s encount er ed i n 
wat er  t r eat ment  syst ems of  boi l er s,  chi l l er s and condenser  wat er  syst ems.   
Const r uct i on,  wi r i ng,  f i t t i ngs and accessor i es must  be cor r osi on and 
chemi cal  r esi st ant  wi t h f i t t i ngs f or  t ank or  suspensi on i nst al l at i on.   
Housi ng must  be pol yvi nyl i dene f l uor i de wi t h O- r i ngs made of  chemi cal  
r esi st ant  mat er i al s whi ch do not  cor r ode or  det er i or at e wi t h ext ended 
exposur e t o chemi cal s.   The sensor  must  be encapsul at ed.   Per i odi c 
r epl acement  must  not  be r equi r ed f or  cont i nued sensor  oper at i on.   Sensor s 
must  use a cer ami c j unct i on and pH sensi t i ve gl ass membr ane capabl e of  
wi t hst andi ng a pr essur e of  689 kPa at  66 degr ees C 100 psi g at  150 degr ees 
F.   The r ef er ence cel l  must  be doubl e j unct i on conf i gur at i on.   Sensor  
r ange must  be 0 t o 12 pH,  st abi l i t y  0. 05,  sensi t i v i t y 0. 02,  and 
r epeat abi l i t y  of  pl us or  mi nus 0. 05 pH val ue,  r esponse of  90 per cent  of  
f ul l  scal e i n one second and a l i near i t y of  99 per cent  of  t heor et i cal  
el ect r ode out put  measur ed at  24 degr ees C 76 degr ees F.

2. 7. 10   Oxygen Anal yzer

Oxygen anal yzer  must  consi st  of  a z i r coni um oxi de sensor  f or  cont i nuous 
sampl i ng and an ai r - power ed aspi r at or  t o dr aw f l ue gas sampl es.   The 
anal yzer  must  be equi pped wi t h f i l t er s t o r emove f l ue ai r  par t i c l es.   
Sensor  pr obe t emper at ur e r at i ng must  be 435 degr ees C 815 degr ees F.   The 
sensor  assembl y must  be equi pped f or  f l ue f l ange mount i ng.

2. 7. 11   Car bon Monoxi de Anal yzer

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ent er  t he r ange f or  t he CO Anal yzer

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

Car bon monoxi de anal yzer  must  consi st  of  an i nf r ar ed l i ght  sour ce i n a 
weat her  pr oof  st eel  encl osur e f or  duct  or  st ack mount i ng.   An opt i cal  
det ect or / anal yzer  i n a s i mi l ar  encl osur e,  sui t abl e f or  duct  or  st ack 
mount i ng must  be pr ovi ded.   Bot h assembl i es must  i ncl ude i nt er nal  bl ower  
syst ems t o keep opt i cal  wi ndows f r ee of  dust  and ash at  al l  t i mes.   The 
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t hi r d component  of  t he anal yzer  must  be t he el ect r oni cs cabi net .   
Aut omat i c f l ue gas t emper at ur e compensat i on and manual / aut omat i c zer oi ng 
devi ces must  be pr ovi ded.   Uni t  must  r ead par t s per  mi l l i on ( ppm)  of  
car bon monoxi de i n t he r ange of  [ _____]  t o [ _____]  ppm and t he r esponse 
t i me must  be l ess t han 3 seconds t o 90 per cent  val ue.   Uni t  measur ement  
r ange must  not  exceed speci f i ed r ange by mor e t hat  50 per cent .   
Repeat abi l i t y  must  be pl us or  mi nus 1 per cent  of  f ul l  scal e wi t h an 
accur acy of  pl us or  mi nus 1 per cent  of  f ul l  scal e.

2. 7. 12   Occupancy Sensor s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Avoi d usi ng occupancy sensor s wi t h i nst ant  
st ar t  f l uor escent  bal l ast s f or  i nst ant  st ar t  of  
l amps because t hey shor t en t he l amp l i f e.   Use onl y 
r api d st ar t  f l uor escent  bal l ast s.

Show whi ch t ype of  occupancy sensor  t o use 
dr awi ngs:   Ul t r asoni c sensor s ar e best  sui t ed f or  
spaces wi t h par t i t i ons or  di v i der s;  I nf r ar ed sensor s 
ar e best  sui t ed i n l i ne- of - s i ght  appl i cat i ons.   Dual  
mode sensor  ar e avai l abl e f or  s i t uat i ons wher e onl y 
one mode wi l l  not  adequat el y i dent i f y occupancy.

Show occupancy sensor  mount i ng l ocat i on on 
dr awi ngs.   Of f i ce f ur ni t ur e i s l ess l i kel y t o 
i nt er f er e wi t h ( bl ock)  cei l i ng mount ed sensor s.   I n 
r et r of i t  appl i cat i ons,  occupancy sensor s can be 
i nst al l ed i n pl ace of  exi st i ng l i ght  swi t ches.

Dual - t echnol ogy sensor s ( one sensor  i ncor por at i ng 
bot h t ypes)  or di nar i l y  t ur n l i ght i ng ON when bot h 
t echnol ogi es sense occupancy.   Then,  det ect i on by 
ei t her  t echnol ogy wi l l  hol d l i ght i ng ON.

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

Occupancy sensor s must  have occupancy- sensi ng sensi t i v i t y adj ust ment  and 
an adj ust abl e of f - del ay t i mer  wi t h a set poi nt  of  15 mi nut es.   Adj ust ment s 
accessi bl e f r om t he f ace of  t he uni t  ar e pr ef er r ed.   Occupancy sensor s 
must  be r at ed f or  oper at i on i n ambi ent  ai r  t emper at ur es r angi ng f r om 5 t o 
35 degr ees C 40 t o 95 degr ees F or  t emper at ur es nor mal l y encount er ed i n 
t he i nst al l ed l ocat i on.   Sensor s i nt egr al  t o wal l  mount  on- of f  l i ght  
swi t ches must  have an aut o- of f  swi t ch.   Wal l  swi t ch sensor s must  be 
decor at or  st y l e and must  f i t  behi nd a st andar d decor at or  t ype wal l  pl at e.   
Al l  occupancy sensor s,  power  packs,  and sl ave packs must  be UL l i s t ed.   I n 
addi t i on t o any out put s r equi r ed f or  l i ght i ng cont r ol ,  t he occupancy 
sensor  must  pr ovi de an out put  f or  t he HVAC cont r ol  syst em.

2. 7. 12. 1   Passi ve I nf r ar ed ( PI R)  Occupancy Sensor s

PI R occupancy sensor s must  have a mul t i - l evel ,  mul t i - segment ed vi ewi ng 
l ens and a coni cal  f i el d of  v i ew wi t h a v i ewi ng angl e of  180 degr ees and a 
det ect i on of  at  l east  6 m 20 f eet  unl ess ot her wi se i ndi cat ed or  
speci f i ed.   PI R Sensor s must  pr ovi de f i el d- adj ust abl e backgr ound 
l i ght - l evel  adj ust ment  wi t h an adj ust ment  r ange sui t abl e t o t he l i ght  
l evel  i n t he sensed ar ea,  r oom or  space.   PI R sensor s must  be i mmune t o 
f al se t r i gger i ng f r om RFI  and EMI .
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2. 7. 12. 2   Ul t r asoni c Occupancy Sensor s

Ul t r asoni c sensor s must  oper at e at  a mi ni mum f r equency 32 kHz and must  be 
desi gned t o not  i nt er f er e wi t h hear i ng ai ds.

2. 7. 12. 3   Dual - Technol ogy Occupancy Sensor  ( PI R and Ul t r asoni c)

Dual - Technol ogy Occupancy Sensor s must  meet  t he r equi r ement s of  bot h PI R 
and Ul t r asoni c Occupancy Sensor s.

2. 7. 13   Vi br at i on Swi t ch

Vi br at i on swi t ch must  be sol i d st at e,  encl osed i n a NEMA 250 Type 4 or  
Type 4X housi ng wi t h seal ed wi r e ent r y.   Uni t  must  have t wo i ndependent  
set s of  For m C swi t ch cont act s wi t h one set  t o shut down equi pment  upon 
excessi ve v i br at i on and a second set  f or  moni t or i ng al ar m l evel  
v i br at i on.   The vi br at i on sensi ng r ange must  be a t r ue r ms r eadi ng,  
sui t abl e f or  t he appl i cat i on.   The uni t  must  i ncl ude ei t her  di spl acement  
r esponse f or  l ow speed or  vel oci t y r esponse f or  hi gh speed appl i cat i on.   
The f r equency r ange must  be at  l east  3 Hz t o 500 Hz.   Cont act  t i me del ay 
must  be 3 seconds.   The uni t  must  have i ndependent  st ar t - up and r unni ng 
del ay on each swi t ch cont act .   Al ar m l i mi t s must  be adj ust abl e and 
set poi nt  accur acy must  be pl us or  mi nus 10 per cent  of  set t i ng wi t h 
r epeat abi l i t y  of  pl us or  mi nus 2 per cent .

2. 7. 14   Conduct i v i t y Sensor

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t he br acket ed t ext  f or  new 
const r uct i on ( Cont r act or  cannot  meet  t hi s 
r equi r ement ) .   For  r et r of i t  pr oj ect s,  coor di nat e 
wi t h t he pr oj ect  s i t e t o det er mi ne need f or  t hi s 
anal ysi s.

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

Sensor  must  i ncl ude l ocal  i ndi cat i ng met er  and must  be sui t abl e f or  
measur ement  of  conduct i v i t y of  wat er  i n boi l er s,  chi l l ed wat er  syst ems,  
condenser  wat er  syst ems,  di st i l l at i on syst ems,  or  pot abl e wat er  syst ems as 
i ndi cat ed.   Sensor  must  sense f r om 0 t o 10 mi cr oSei mens per  cent i met er  
( µS/ cm)  f or  di st i l l at i on syst ems,  0 t o 100 µS/ cm f or  boi l er ,  chi l l ed 
wat er ,  and pot abl e wat er  syst ems and 0 t o 1000 µS/ cm f or  condenser  wat er  
syst ems.   Cont r act or  must  f i el d ver i f y t he r anges f or  par t i cul ar  
appl i cat i ons and adj ust  t he r ange as r equi r ed.   The out put  must  be 
t emper at ur e compensat ed over  a r ange of  0 t o 100 degr ees C 32 t o 212 
degr ees F.   The accur acy must  be pl us or  mi nus 2 per cent  of  t he f ul l  scal e 
r eadi ng.   Sensor  must  have aut omat i c zer oi ng and must  r equi r e no per i odi c 
mai nt enance or  r ecal i br at i on.

2. 7. 15   Compr essed Ai r  Dew Poi nt  Sensor

Sensor  must  be sui t abl e f or  measur ement  of  dew poi nt  f r om - 40 +27 degr ees C
 - 40 +80 degr ees F over  a pr essur e r ange of  0 t o 1 MPa 0 t o 150 psi g.   The 
t r ansmi t t er  must  pr ovi de bot h dr y bul b and dew poi nt  t emper at ur es on 
separ at e out put s.   The end t o end accur acy of  t he dew poi nt  must  be pl us 
or  mi nus 2. 8 degr ees C 5 degr ees F and t he dr y bul b must  be pl us or  mi nus 
0. 6 degr ees C 1 degr ee F.   Sensor  must  be aut omat i c zer oi ng and must  
r equi r e no nor mal  mai nt enance or  per i odi c r ecal i br at i on.
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2. 7. 16   NOx Moni t or

Moni t or  must  cont i nuousl y moni t or  and gi ve l ocal  i ndi cat i on of  boi l er  
st ack gas f or  NOx cont ent .   I t  must  be a compl et e syst em desi gned t o 
ver i f y compl i ance wi t h t he Cl ean Ai r  Act  st andar ds f or  NOx nor mal i zed t o a 
3 per cent  oxygen basi s and must  have a r ange of  f r om 0 t o 100 ppm.   Sensor  
must  be accur at e t o pl us or  mi nus 5 ppm.   Sensor  must  out put  NOx and 
oxygen l evel s and bi nar y out put  t hat  changes st at e when t he NOx l evel  i s  
above a l ocal l y adj ust abl e NOx set poi nt .   Sensor  must  have nor mal ,  t r oubl e 
and al ar m l i ght s.   Sensor  must  have heat  t r aced l i nes i f  t he st ack pi ckup 
i s r emot e f r om t he sensor .   Sensor  must  be compl et e wi t h aut omat i c zer o 
and span cal i br at i on usi ng a t i med cal i br at i on gas syst em,  and must  not  
r equi r e per i odi c mai nt enance or  r ecal i br at i on.

2. 7. 17   Tur bi di t y Sensor

Sensor  must  i ncl ude a l ocal  i ndi cat i ng met er  and must  be sui t abl e f or  
measur ement  of  t ur bi di t y of  wat er .   Sensor  must  sense f r om 0 t o 1000 
Nephel omet r i c Tur bi di t y Uni t s ( NTU) .   Range must  be f i el d- ver i f i ed f or  t he 
par t i cul ar  appl i cat i on and adj ust ed as r equi r ed.   The out put  must  be 
t emper at ur e compensat ed over  a r ange of  0 t o 100 degr ees C 32 t o 212 
degr ees F.   The accur acy must  be pl us or  mi nus 5 per cent  of  f ul l  scal e 
r eadi ng.   Sensor  must  have aut omat i c zer oi ng and must  not  r equi r e per i odi c 
mai nt enance or  r ecal i br at i on.

2. 7. 18   Chl or i ne Det ect or

The det ect or  must  measur e concent r at i ons of  chl or i ne i n wat er  i n t he r ange 
0 t o 20 ppm wi t h a r epeat abi l i t y  of  pl us or  mi nus 1 per cent  of  f ul l  scal e 
and an accur acy of  pl us or  mi nus 2 per cent  of  f ul l  scal e.   The Chl or i ne 
Det ect or  t r ansmi t t er  must  be housed i n a non- cor r osi ve NEMA 250 Type 4X 
encl osur e.   Det ect or  must  i ncl ude a l ocal  panel  wi t h adj ust abl e al ar m t r i p 
l evel ,  l ocal  audi o and vi sual  al ar m wi t h s i l ence f unct i on.

2. 7. 19   Fl oor  Mount ed Leak Det ect or

Leak det ect or s must  use el ect r odes mount ed at  s l ab l evel  wi t h a mi ni mum 
bui l t - i n- ver t i cal  adj ust ment  of  3 mm 0. 125 i nches.   Det ect or  must  have a 
bi nar y out put .   The i ndi cat or  must  be manual  r eset  t ype.

2. 7. 20   Temper at ur e Swi t ch

2. 7. 20. 1   Duct  Mount  Temper at ur e Low Li mi t  Saf et y Swi t ch ( Fr eezest at )

Duct  mount  t emper at ur e l ow l i mi t  swi t ches ( Fr eezest at s)  must  be manual  
r eset ,  l ow t emper at ur e saf et y swi t ches at  l east  3 met er s 1 f oot  l ong per  
squar e met er  squar e f oot  of  cover age whi ch must  r espond t o t he col dest  450 
mm 18 i nch segment  wi t h an accur acy of  pl us or  mi nus 2 degr ees C 3. 6 
degr ees F.   The swi t ch must  have a f i el d- adj ust abl e set poi nt  wi t h a r ange 
of  at  l east  - 1 +10 degr ees C 30 t o 50 degr ees F.   The swi t ch must  have t wo 
set s of  cont act s,  and each cont act  must  have a r at i ng gr eat er  t han i t s 
connect ed l oad.   Cont act s must  open or  c l ose upon dr op of  t emper at ur e 
bel ow set poi nt  as i ndi cat ed and must  r emai n i n t hi s st at e unt i l  r eset .

2. 7. 20. 2   Pi pe Mount  Temper at ur e Li mi t  Swi t ch ( Aquast at )

Pi pe mount  t emper at ur e l i mi t  swi t ches ( aquast at s)  must  have a f i el d 
adj ust abl e set poi nt  bet ween 15 and 32 degr ees C 60 and 90 degr ees F,  an 
accur acy of  pl us or  mi nus 2 degr ees C 3. 6 degr ees F and a 5 degr ees C 10 
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degr ees F f i xed deadband.   The swi t ch must  have t wo set s of  cont act s,  and 
each cont act  must  have a r at i ng gr eat er  t han i t s connect ed l oad.   Cont act s 
must  open or  c l ose upon change of  t emper at ur e above or  bel ow set poi nt  as 
i ndi cat ed.

2. 7. 21   Damper  End Swi t ches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he HVAC syst em desi gn i ncl udes smoke 
damper s i n t he r et ur n ai r  and f an di schar ge,  or  
ot her  damper s r equi r i ng end swi t ches,  show t he end 
swi t ches on dr awi ngs.

Damper s t hat  have t he pot ent i al  t o c l ose of f  al l  
ai r f l ow t o/ f r om a f an shoul d have end swi t ches 
pr ovi di ng an i nt er l ock wi t h t he f an cont r ol  
c i r cui t .   I nt er l ock shoul d be act i ve i n al l  modes 
( Hand,  Aut omat i c and Bypass) .

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

Each end swi t ch must  be a her met i cal l y seal ed swi t ch wi t h a t r i p l ever  and 
over - t r avel  mechani sm.   The swi t ch encl osur e must  be sui t abl e f or  mount i ng 
on t he duct  ext er i or  and must  per mi t  set t i ng t he posi t i on of  t he t r i p 
l ever  t hat  act uat es t he swi t ch.   The t r i p l ever  must  be al i gned wi t h t he 
damper  bl ade.

End swi t ches i nt egr al  t o an el ect r i c damper  act uat or  ar e al l owed as l ong 
as at  l east  one i s adj ust abl e over  t he t r avel  of  t he act uat or .

2. 7. 22   Ai r  Qual i t y Sensor s

Pr ovi de f ul l  spect r um ai r  qual i t y sensor s usi ng a hot  wi r e el ement  based 
on t he Taguchi  pr i nci pl e.   The sensor  must  moni t or  a wi de r ange of  gaseous 
vol at i l e or gani c component s common i n i ndoor  ai r  cont ami nant s l i ke pai nt  
f umes,  sol vent s,  c i gar et t e smoke,  and vehi c l e exhaust .   The sensor  must  
aut omat i cal l y compensat e f or  t emper at ur e and humi di t y,  have span and 
cal i br at i on pot ent i omet er s,  oper at e on 24 VDC power  wi t h out put  of  0- 10 
VDC,  and have a ser vi ce r at i ng of  0 t o 60 degr ees C 32 t o 140 degr ees F 
and 5 t o 95 per cent  r el at i ve humi di t y.

[ 2. 8   I NDI CATI NG DEVI CES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat i ng devi ces ar e t ypi cal l y pr ovi ded by 
t he Mechani cal  Cont r act or  and t he speci f i cat i ons of  
anci l l ar y i ndi cat i ng devi ces i s l ocat ed i n Sect i ons 
23 30 00 HVAC AI R DI STRI BUTI ON,  23 05 15 COMMON 
PI PI NG FOR HVAC.   Bot h sect i ons ar e l i s t ed i n 
Subpar t  1. 2   

Wi t h t he r e- or gani zat i on of  t he i ndi cat i ng devi ces 
ar e speci f i ed i n ot her  sect i ons ar e ar e i ncl uded 
her e t o ensur e t hey ar e i ncl uded i n t he pr oj ect  
speci f i cat i on.   I f  t he i ndi cat i ng devi ces ar e 
adequat el y l i s t ed on ot her  sect i ons,  t hen r emove al l  
or  par t  of  t he br acket ed t ext .

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

Al l  i ndi cat i ng devi ces must  di spl ay r eadi ngs i n [ met r i c ( SI ) ] [ Engl i sh 
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( i nch- pound) ]  uni t s.

2. 8. 1   Ther momet er s

Pr ovi de bi - met al  t ype t her momet er s at  l ocat i ons i ndi cat ed.   Ther momet er s 
must  have ei t her  230 mm 9 i nch l ong scal es or  90 mm 3. 5 i nch di amet er  
di al s,  wi t h i nser t i on,  i mmer si on,  or  aver agi ng el ement s.   Pr ovi de mat chi ng 
t her mowel l s f or  pi pe- mount ed i nst al l at i ons.   Sel ect  scal e r anges sui t abl e 
f or  t he i nt ended ser vi ce,  wi t h t he nor mal  oper at i ng t emper at ur e near  t he 
scal e' s mi dpoi nt .   The t her momet er ' s accur acy must  be pl us or  mi nus 2 
per cent  of  t he scal e r ange.

2. 8. 1. 1   Pi pi ng Syst em Ther momet er s

Pi pi ng syst em t her momet er s must  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,  per manent l y st abi l i zed gl ass 
t ube wi t h i ndi cat i ng- f l ui d col umn,  whi t e f ace,  bl ack number s,  and a 230 mm 
9 i nch scal e.   Pi pi ng syst em t her momet er s must  have an accur acy of  pl us or  
mi nus 1 per cent  of  scal e r ange.   Ther momet er s f or  pi pi ng syst ems must  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.   Ther momet er  
st ems must  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 
must  be f i l l ed wi t h a heat - t r ansf er  medi um.

2. 8. 1. 2   Ai r - Duct  Ther momet er s

Ai r - duct  t her momet er s must  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 sm.

2. 8. 2   Pr essur e Gauges

Pr ovi de pi pe- mount ed pr essur e gauges at  t he l ocat i ons i ndi cat ed.   Gauges 
must  conf or m t o ASME B40. 100 and have a 100 mm 4 i nch di amet er  di al  and 
shut of f  cock.     Sel ect  scal e r anges sui t abl e f or  t he i nt ended ser vi ce,  
wi t h t he nor mal  oper at i ng pr essur e near  t he scal e' s mi dpoi nt .   The gauge' s 
accur acy must  be pl us or  mi nus 2 per cent  of  t he scal e r ange.

Gauges must  be sui t abl e f or  f i el d or  panel  mount i ng as r equi r ed,  must  have 
bl ack l egend on whi t e backgr ound,  and must  have a poi nt er  t r avel i ng 
t hr ough a 270- degr ee ar c.   Gauge r ange must  be sui t abl e f or  t he 
appl i cat i on wi t h an upper  end of  t he r ange not  t o exceed 150 per cent  of  
t he desi gn upper  l i mi t .   Accur acy must  be pl us or  mi nus 3 per cent  of  scal e 
r ange.   Gauges must  meet  r equi r ement s of  ASME B40. 100.

2. 8. 3   Low Di f f er ent i al  Pr essur e Gauges

Gauges f or  l ow di f f er ent i al  pr essur e measur ement s must  be a mi ni mum of  90 
mm 3. 5 i nch ( nomi nal )  s i ze wi t h t wo set s of  pr essur e t aps,  and must  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 .   Gauge r ange must  be sui t abl e f or  t he appl i cat i on wi t h an 
upper  end of  t he r ange not  t o exceed 150 per cent  of  t he desi gn upper  
l i mi t .   Accur acy must  be pl us or  mi nus t wo per cent  of  scal e r ange.

[ 2. 8. 4   Pr essur e Gauges f or  Pneumat i c Cont r ol s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t hi s par agr aph i f  pneumat i c devi ces 
ar e not  r equi r ed.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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 Gauges must  [ have a 0 t o 207 kPa  0 t o 30 psi  scal e] [ suf f i c i ent  scal e t o 
di spl ay t he f ul l  r ange of  expect ed pr essur es]  wi t h 5 kPa 1 psi  gr aduat i ons.

] ] 2. 9   OUTPUT DEVI CES

2. 9. 1   Act uat or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude t he appr opr i at e br acket ed t ext  i f  
pneumat i c act uat or s ar e used.

Edi t  t he cont r ol  Schemat i c dr awi ng t o show el ect r i c 
and/ or  pneumat i c act uat or s al ong wi t h t hei r  f ai l saf e 
posi t i ons ( NO,  NC,  or  f ai l - i n- l ast - posi t i on 
( FI LP) ) .   See t he UFC f or  desi gn gui dance on 
choosi ng act uat or  f ai l - t o posi t i ons.

I ncl ude t he br acket ed t ext  i f  usi ng el ect r i c 
act uat or  posi t i on f eedback.   Thi s shoul d be l i mi t ed 
t o pr i mar y equi pment ,  such as bui l t - up ai r  
handl er s.   Show t hi s f eedback si gnal  on t he cont r ol  
schemat i c dr awi ngs or  speci f i cal l y st at e wher e t hi s 
r equi r ement  appl i es.    Add t he act uat or  posi t i on t o 
t he Poi nt s Schedul e as a net wor k var i abl e avai l abl e 
t o be moni t or ed by t he UMCS ( pr esent  or  f ut ur e) .

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

Act uat or s must  be el ect r i c ( el ect r oni c)  [ or  pneumat i c as i ndi cat ed] .   Al l  
act uat or s must  be nor mal l y open ( NO) ,  nor mal l y c l osed ( NC)  or  
f ai l - i n- l ast - posi t i on ( FI LP)  as i ndi cat ed.   Nor mal l y open and nor mal l y 
c l osed act uat or s must  be of  mechani cal  spr i ng r et ur n t ype.   El ect r i c 
act uat or s must  have an el ect r oni c cut  of f  or  ot her  means t o pr ovi de 
bur nout  pr ot ect i on i f  st al l ed.   Act uat or s must  have a v i s i bl e posi t i on 
i ndi cat or .   [ El ect r i c act uat or s must  pr ovi de posi t i on f eedback t o t he 
cont r ol l er  as i ndi cat ed. ]  Act uat or s must  smoot hl y and f ul l y open or  c l ose 
t he devi ces t o whi ch t hey ar e appl i ed.   El ect r i c act uat or s must  have a 
f ul l  s t r oke r esponse t i me i n bot h di r ect i ons of  90 seconds or  l ess at  
r at ed l oad.   El ect r i c act uat or s must  be of  t he f oot - mount ed t ype wi t h an 
oi l - i mmer sed gear  t r ai n or  t he di r ect - coupl ed t ype.   Wher e mul t i pl e 
el ect r i c act uat or s oper at e f r om a common si gnal ,  t he act uat or s must  
pr ovi de an out put  s i gnal  i dent i cal  t o i t s i nput  s i gnal  t o t he addi t i onal  
devi ces.   [ Pneumat i c act uat or s must  be r at ed f or  172 kPa 25 psi  oper at i ng 
pr essur e except  f or  hi gh- pr essur e cyl i nder - t ype act uat or s. ]   Al l  act uat or s 
must  be r at ed f or  t hei r  oper at i ng envi r onment .   Act uat or s used out door s 
must  be desi gned and r at ed f or  out door  use.   Act uat or s under  cont i nuous 
exposur e t o wat er ,  such as t hose used i n sumps,  must  be submer si bl e.

Act uat or s i ncor por at i ng an i nt egr al  net wor k connect i on ar e consi der ed DDC 
Har dwar e and must  meet  t he DDC Har dwar e r equi r ement s of  Sect i on [
23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS ]  [ 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND 
OTHER BUI LDI NG CONTROL SYSTEMS] .

2. 9. 1. 1   Val ve Act uat or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ndi cat e i n t he Val ve Schedul e a c l ose- of f  
pr essur e t hat  i s 150 per cent  of  t he pump dead head 
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pr essur e f or  2- way val ves and 200 per cent  of  t he 
val ve di f f er ent i al  pr essur e f or  3- way val ves,  or  
equi val ent  t or que val ues.

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

Val ve act uat or s must  pr ovi de shut of f  pr essur es and t or ques as i ndi cat ed on 
t he Val ve Schedul e.

2. 9. 1. 2   Damper  Act uat or s

Damper  act uat or s must  pr ovi de t he t or que necessar y per  damper  
manuf act ur er ' s i nst r uct i ons t o modul at e t he damper s smoot hl y over  i t s f ul l  
r ange of  oper at i on and t or que must  be at  l east  7. 3 Nm/ squar e m 6 
i nch- pounds/ 1 squar e f oot  of  damper  ar ea f or  opposed bl ade damper s and 
10. 9 Nm/ squar e m 9 i nch- pounds/ 1 squar e f oot  of  damper  ar ea f or  par al l el  
bl ade damper s.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t he br acket ed t ext  i f  pneumat i c 
devi ces ar e not  r equi r ed.

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

[ 2. 9. 1. 3   Posi t i ve Posi t i oner s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Posi t i ve posi t i oner s may be r equi r ed f or  
l ar ger  val ves and act uat or s or  wher e hi gh- speed 
act uat i on i s needed.   Edi t  t he dr awi ngs t o show 
posi t i ve posi t i oner s when t hey ar e r equi r ed.   The 
t ypi cal  dr awi ngs do not  show/ r equi r e t hem due t o 
mai nt enance r equi r ement s f or  t hese devi ces.  See UFC 
3- 410- 02 f or  mor e i nf or mat i on.

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

Posi t i ve posi t i oner s must  be a pneumat i c r el ay wi t h a mechani cal  posi t i on 
f eedback mechani sm and an adj ust abl e oper at i ng r ange and st ar t i ng poi nt .

] 2. 9. 1. 4   El ect r i c Act uat or s

  Each act uat or  must  have di st i nct  mar ki ngs i ndi cat i ng t he f ul l - open and 
f ul l - c l osed posi t i on  Each act uat or  must  del i ver  t he t or que r equi r ed f or  
cont i nuous uni f or m mot i on and must  have i nt er nal  end swi t ches t o l i mi t  t he 
t r avel ,  or  be capabl e of  wi t hst andi ng cont i nuous st al l i ng wi t hout  damage.   
Act uat or s must  f unct i on pr oper l y wi t hi n 85 t o 110 per cent  of  r at ed l i ne 
vol t age.   Pr ovi de act uat or s wi t h har dened st eel  r unni ng shaf t s and gear s 
of  st eel  or  copper  al l oy.   Fi ber  or  r ei nf or ced nyl on gear s may be used f or  
t or ques l ess t han 16 i nch- pounds. .

a.   Two- posi t i on act uat or s must  be si ngl e di r ect i on,  spr i ng r et ur n,  or  
r ever si ng t ype.   Two posi t i on act uat or  s i gnal s may ei t her  be t he 
cont r ol  power  vol t age or  l i ne vol t age as needed f or  t or que or  
appr opr i at e i nt er l ock c i r cui t s.

b.   Modul at i ng act uat or s must  be capabl e of  st oppi ng at  any poi nt  i n t he 
cycl e,  and st ar t i ng i n ei t her  di r ect i on f r om any poi nt .   Act uat or s 
must  be equi pped wi t h a swi t ch f or  r ever si ng di r ect i on,  and a but t on 
t o di sengage t he cl ut ch t o al l ow manual  adj ust ment s.   Pr ovi de t he 
act uat or  wi t h a hand cr ank f or  manual  adj ust ment s,  as appl i cabl e.   
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Modul at i ng act uat or  i nput  s i gnal s can ei t her  be a 4 t o 20 mAdc or  a 
0- 10 VDC si gnal .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Non spr i ng r et ur n ( NSR)  or  Fai l  i n Last  
Posi t i on Act uat or s ( FI LP)  ar e bot h accept abl e 
al t er nat i ves f or  non saf et y or  equi pment  pr ot ect i on 
appl i cat i ons.   They ar e not  r ecommended f or  
appl i cat i ons such as AHU mi xi ng boxes,  pr eheat  
coi l s,  st eam- wat er  heat  exchanges,  et c. .

Pr ovi de i n t he desi gn val ve and damper  schedul e a 
desi gnat i on on t he need f or  spr i ng r et ur n and 
desi r ed f ai l  posi t i on f or  each val ve and damper .

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

c.   Fl oat i ng or  pul se wi dt h modul at i on act uat or s ar e accept abl e f or  
non- f ai l  saf e appl i cat i ons unl ess i ndi cat ed ot her wi se pr ovi ded t hat  
t he f l oat i ng poi nt  cont r ol  ( t i med act uat i on)  must  have a schedul ed 
r e- cal i br at i on of  span and posi t i on no mor e t han once a day and no 
l ess t han once a week.   The schedul e f or  t he r e- cal i br at i on shoul d not  
af f ect  occupi ed condi t i ons and be st agger ed bet ween equi pment  t o 
pr event  f al sel y l oadi ng or  unl oadi ng cent r al  pl ant  equi pment .

[ 2. 9. 1. 5   Pneumat i c Act uat or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t hi s par agr aph i f  pneumat i c devi ces 
ar e not  r equi r ed.

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

Pr ovi de pi st on or  di aphr agm t ype act uat or s wi t h r epl aceabl e 
di aphr agm/ pi st on.

] 2. 9. 2   Sol enoi d- Oper at ed El ect r i c t o Pneumat i c Swi t ch ( EPS)

Sol enoi d- Oper at ed El ect r i c t o Pneumat i c Swi t ches ( EPS)  must  accept  a 
vol t age i nput  t o act uat e i t s ai r  val ve.   Each val ve must  have t hr ee- por t  
oper at i on:   common,  nor mal l y open,  and nor mal l y c l osed.   Each val ve must  
have an out er  cast  al umi num body and i nt er nal  par t s of  br ass,  br onze,  or  
st ai nl ess st eel .   The ai r  connect i on must  be a 10 mm 0. 38 i nch NPT 
t hr eaded connect i on.   Val ves must  be r at ed f or  345 kPa 50 psi g.

2. 9. 3   El ect r i c t o Pneumat i c Tr ansducer s ( EP)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dependi ng on t he appl i cat i on,  t he desi gner  
may choose t o sel ect  an EP and act uat or  combi nat i on 
t o oper at e over  t he f ul l  r ange i n l ess t han 90 
seconds.

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

El ect r i c t o Pneumat i c Tr ansducer s ( EPs)  must  conver t  ei t her  a 4- 20 mAdc 
i nput  s i gnal ,  a 0- 10 Vdc i nput  s i gnal  t o a pr opor t i onal  0 t o 140 kPa 0 t o 
20 psi g pneumat i c out put .   The EP must  wi t hst and pr essur es at  l east  150 
per cent  of  t he syst em suppl y ai r  pr essur e ( mai n ai r ) .   EPs must  i ncl ude 
i ndependent  of f set  and span adj ust ment .   St eady st at e ai r  consumpt i on must  
not  be gr eat er  t han 0. 23 L/ s 0. 05 scf m.   EPs must  have a manual  adj ust abl e 
over r i de f or  t he EP pneumat i c out put .   EPs must  have suf f i c i ent  out put  
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capaci t y t o pr ovi de f ul l  r ange st r oke of  t he act uat ed devi ce i n bot h 
di r ect i ons wi t hi n [ 90] [ _____]  seconds.

2. 9. 4   Rel ays

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Panel  mount ed r el ays have hi st or i cal l y be 
speci f i ed as ' socket  t ype'  f or  UMCS.   Recent  
popul ar i t y of  encapsul at ed t ypes of  r el ays under  
br and names such as ' RI B. '  has i ncr eased whi ch 
pr ovi des f l exi bi l i t y  i n mount i ng r el ays at  t he 
cont r ol l ed devi ce ( i . e.  Mot or  St ar t er s)  t hat  al l ows 
f or  l ow vol t age wi r i ng be r un t o/ f r om t he panel  t o 
t he devi ce r at her  t han medi um vol t age.

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

Rel ays must  have cont act s r at ed f or  t he i nt ended appl i cat i on,  i ndi cat or  
l i ght ,  and dust  pr oof  encl osur e.   The i ndi cat or  l i ght  must  be l i t  when t he 
coi l  i s  ener gi zed and of f  when coi l  i s  not  ener gi zed.

Cont r ol  r el ay cont act s must  have ut i l i zat i on cat egor y and r at i ngs sel ect ed 
f or  t he appl i cat i on.   Each set  of  cont act s must  i ncor por at e a nor mal l y 
open ( NO) ,  nor mal l y c l osed ( NC)  and common cont act .   Rel ays must  be r at ed 
f or  a mi ni mum l i f e of  one mi l l i on oper at i ons.   

2. 10   USER I NPUT DEVI CES

User  I nput  Devi ces,  i ncl udi ng pot ent i omet er s,  swi t ches and moment ar y 
cont act  push- but t ons.   Pot ent i omet er s must  be of  t he t humb wheel  or  
s l i di ng bar  t ype.   Moment ar y Cont act  Push- But t ons may i ncl ude an 
adj ust abl e t i mer  f or  t hei r  out put .   User  i nput  devi ces must  be l abel ed f or  
t hei r  f unct i on.

2. 11   MULTI FUNCTI ON DEVI CES

Mul t i f unct i on devi ces ar e pr oduct s whi ch combi ne t he f unct i ons of  mul t i pl e 
sensor ,  user  i nput  or  out put  devi ces i nt o a s i ngl e pr oduct .   Unl ess 
ot her wi se speci f i ed,  t he mul t i f unct i on devi ce must  meet  al l  r equi r ement s 
of  each component  devi ce.   Wher e t he r equi r ement s f or  t he component  
devi ces conf l i c t ,  t he mul t i f unct i on devi ce must  meet  t he most  st r i ngent  of  
t he r equi r ement s.

2. 11. 1   Cur r ent  Sensi ng Rel ay Command Swi t ch

The Cur r ent  Sensi ng Rel ay por t i on must  meet  al l  r equi r ement s of  t he 
Cur r ent  Sensi ng Rel ay i nput  devi ce.   The Command Swi t ch por t i on must  meet  
al l  r equi r ement s of  t he Rel ay out put  devi ce except  t hat  i t  must  have at  
l east  one nor mal l y- open ( NO)  cont act .

Cur r ent  Sensi ng Rel ays used f or  Var i abl e Fr equency Dr i ves must  be r at ed 
f or  Var i abl e Fr equency appl i cat i ons unl ess i nst al l ed on t he sour ce si de of  
t he dr i ve.   I f  used i n t hi s s i t uat i on,  t he t hr eshol d f or  showi ng st at us 
must  be set  t o al l ow f or  t he VFD' s cont r ol  power  when t he dr i ve i s not  
enabl ed and pr ovi de i ndi cat i on of  oper at i on when t he dr i ve i s enabl ed at  
mi ni mum speed.

2. 11. 2   Space Sensor  Modul e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   I ndi cat e r equi r ement s f or  each space sensor  
modul e on t he Space Sensor  Modul e and Occupancy 
Sensor  dr awi ng.

Space Sensor  Modul es may be commonl y r ef er r ed t o as 
Ther most at s but  shoul d not  be conf used wi t h devi ces 
t hat  have cont act  out put s f or  cont r ol  of  
heat i ng/ cool i ng equi pment  ( f ans,  compr essor s,  et c. ) .

Not e t hat  any devi ce whi ch i ncl udes cont r ol  
f unct i onal i t y ( i ncl udi ng a t her most at )  i s  a DDC 
Cont r ol l er  and i s speci f i ed i n Sect i ons 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC and 23 09 23. 01 
LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER 
BUI LDI NG CONTROL SYSTEMS or  23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS.

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

Space Sensor  Modul es must  be mul t i f unct i on devi ces i ncor por at i ng a 
t emper at ur e sensor  and one or  mor e of  t he f ol l owi ng as speci f i ed and 
i ndi cat ed on t he Space Sensor  Modul e Schedul e:

a.   A t emper at ur e i ndi cat i ng devi ce.

b.   A User  I nput  Devi ce whi ch must  adj ust  a t emper at ur e set poi nt  out put .

c.   A User  I nput  Moment ar y Cont act  But t on and an out put  t o t he cont r ol  
syst em i ndi cat i ng zone occupancy.

d.   A t hr ee posi t i on User  I nput  Swi t ch l abel ed t o i ndi cat e heat i ng,  
cool i ng and of f  posi t i ons ( ' HEAT- COOL- OFF'  swi t ch)  and pr ovi di ng 
cor r espondi ng out put s t o t he cont r ol  syst em.  

e.   A t wo posi t i on User  I nput  Swi t ch l abel ed wi t h ' AUTO'  and ' ON'  
posi t i ons and pr ovi di ng cor r espondi ng out put  t o t he cont r ol  syst em. .

f .   A mul t i - posi t i on User  I nput  Swi t ch wi t h ' OFF'  and at  l east  t wo f an 
speed posi t i ons and pr ovi di ng cor r espondi ng out put s t o t he cont r ol  
syst em.

Space Sensor  Modul es cannot  cont ai n mer cur y ( Hg) .

[ 2. 12   COMPRESSED AI R STATI ONS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t hi s br acket ed par agr aph i f  pneumat i c 
devi ces ar e not  r equi r ed.

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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  wi l l  est i mat e t he r equi r ed 
cont r ol  ai r  consumpt i on t o cal cul at e t he r equi r ed 
mot or  hor sepower  of  t he cont r ol  ai r  compr essor  and 
coor di nat e wi t h t he el ect r i cal  desi gner .

For  hospi t al s and cr i t i cal  i nst al l at i ons,  a st andby 
compr essor  wi l l  be pr ovi ded.   For  al l  ot her  
appl i cat i ons,  t he por t i on cover i ng st andby 
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compr essor  wi l l  be del et ed.   For  hospi t al s,  del et e 
t he Cont r act or  opt i on per mi t t i ng t he use of  
pol yet hyl ene t ubi ng i n l i eu of  copper .

I ndi cat e on t he dr awi ngs t he l ocat i ons wher e 
met al l i c  r aceway or  el ect r i c met al l i c  t ubi ng i s not  
r equi r ed f or  pr ot ect i on of  nonmet al l i c  t ubi ng.

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

2. 12. 1   Ai r  Compr essor  Assembl y

Ai r  compr essor s f or  pneumat i c cont r ol  syst ems must  be t he t ank- mount ed,  
el ect r i c mot or  dr i ven,  ai r  cool ed,  r eci pr ocat i ng t ype wi t h i nt egr al  
[ dupl ex mot or s and compr essor s] [ s i ngl e mot or  and compr essor ] ,  t ank,  
cont r ol l er ,  [ al t er nat or  swi t ch,  ] pr essur e swi t ch,  bel t  guar d[ s] ,  pr essur e 
r el i ef  val ve,   aut omat i c moi st ur e dr ai n val ve and must  be suppor t ed by a 
st eel  base mount ed on an ai r  st or age t ank.   Compr essor  pi st on speeds must  
not  exceed 2. 28 met er / second 450 f pm.   Pr ovi de compr essor s wi t h a dr y- t ype 
combi nat i on i nt ake ai r  f i l t er  and si l encer  wi t h baked enamel  st eel  
housi ng.   The f i l t er  must  be 99 per cent  ef f i c i ent  at  10 µm 10 mi cr ons.   
The pr essur e swi t ch must  st ar t  t he compr essor [ s]  at  482 kPa 70 psi g and 
st op t he compr essor [ s]  at  620 kPa 90 psi g.   The r el i ef  val ve must  be set  
f or  69 t o 172 kPa 10 t o 25 psi g above t he cont r ol  swi t ch cut - of f  
pr essur e.   Pr ovi de compr essor  capaci t y sui t abl e f or  not  mor e t han a [ 33]  
[ 50]  per cent  r un t i me,  at  f ul l  syst em cont r ol  l oad.   Compr essor s must  have 
a 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 and must  aut omat i cal l y r est ar t  
af t er  a power  out age.   Mot or s 0. 5 hp and l ar ger  must  be t hr ee- phase. [

A second ( dupl ex ar r angement )  compr essor  of  capaci t y equal  t o t he pr i mar y 
compr essor  must  be pr ovi ded,  wi t h i nt er l ocked cont r ol  t o pr ovi de aut omat i c 
changeover  upon mal f unct i on or  f ai l ur e of  ei t her  compr essor .   A manual  
sel ect or  swi t ch must  be pr ovi ded t o i ndex t he l ead compr essor  i ncl udi ng 
t he aut omat i c changeover . ]

2. 12. 2   Compr essed Ai r  St at i on Speci al t i es

2. 12. 2. 1   Ref r i ger at ed Ai r  Dr yer s

Pr ovi de each ai r  compr essor  t ank wi t h a r ef r i ger ant  ai r  dr yer  s i zed f or  
cont i nuous oper at i on at  f ul l  del i ver y capaci t y of  t he compr essor .   The ai r  
must  be dr i ed at  a pr essur e of  not  l ess t han 483 kPa 70 psi  t o a 
t emper at ur e not  gr eat er  t han 2 degr ees C 35 degr ees F and an ambi ent  ai r  
t emper at ur e bet ween 13 and 35 degr ees C 55 and 95 degr ees F.   The dr yer  
must  be pr ovi ded wi t h an aut omat i c condensat e dr ai n t r ap wi t h manual  
over r i de f eat ur e wi t h an adj ust abl e cycl e and dr ai n t i me.   Locat e each 
dr yer  i n t he ai r  pi pi ng bet ween t he t ank and t he pr essur e- r educi ng 
st at i on.   The r ef r i ger ant  used i n t he dr yer  must  be one of  t he 
f l uor ocar bon gases and have an Ozone Depl et i on Pot ent i al  of  not  mor e t han 
0. 05.   A f i ve mi cr on pr e- f i l t er  and coal esci ng- t ype 0. 03 µm mi cr on oi l  
r emoval  f i l t er  wi t h shut - of f  val ves must  be pr ovi ded i n t he dr yer  
di schar ge.

2. 12. 2. 2   Compr essed Ai r  Di schar ge Fi l t er s

Pr ovi de a di sposabl e t ype i n- l i ne f i l t er  i n t he i ncomi ng pneumat i c mai n at  
each pneumat i c cont r ol  panel .   The f i l t er  must  be capabl e of  el i mi nat i ng 
99. 99 per cent  of  al l  l i qui d or  sol i d cont ami nant s 0. 1 mi cr on or  l ar ger .   
Pr ovi de t he f i l t er  wi t h f i t t i ngs t hat  al l ow easy r emoval / r epl acement .     
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Each f i l t er  bowl  must  be r at ed f or  1034 kPa 150 psi  maxi mum wor ki ng 
pr essur e.   A pr essur e r egul at or ,  wi t h hi gh si de and l ow si de pr essur e 
gauges,  and a saf et y val ve must  be pr ovi ded downst r eam of  t he f i l t er .

2. 12. 2. 3   Ai r  Pr essur e- Reduci ng St at i ons

Pr ovi de ai r  compr essor s wi t h a pr essur e- r educi ng val ve ( PRV)  wi t h a f i el d 
adj ust abl e r ange of  0 t o 345 kPa 0 t o 50 psi g di schar ge pr essur e,  at  an 
i nl et  pr essur e of  482 t o 620 kPa 70 t o 90 psi g.   Pr ovi de a f act or y- set  
pr essur e r el i ef  val ve downst r eam of  t he PRV t o r el i eve over - pr essur e.   
Pr ovi de a pr essur e gage upst r eam of  t he PRV wi t h r ange of  0 t o 689 kPa 0 
t o 100 psi g and downst r eam of  t he PRV wi t h r ange of  0 t o 207 kPa 0 t o 30 
psi g.   For  t wo- pr essur e cont r ol  syst ems,  pr ovi de an addi t i onal  PRV and 
downst r eam pr essur e gage.   Pr essur e r egul at or s of  t he r el i evi ng t ype must  
not  be used.

2. 12. 2. 4   Fl exi bl e Pi pe Connect i ons

The f l exi bl e pi pe connect i ons must  be desi gned f or  1034 kPa and 120 
degr ees C 150 psi  and 250 degr ees F ser vi ce,  and must  be const r uct ed of  
r ubber  or  t et r af l uor oet hyl ene r esi n t ubi ng wi t h a r ei nf or ci ng pr ot ect i ve 
cover  of  br ai ded cor r osi on- r esi st ant  st eel ,  br onze,  monel ,  or  gal vani zed 
st eel .   The connect or s must  be sui t abl e f or  t he ser vi ce i nt ended and must  
have t hr eaded or  sol der ed ends.   The l engt h of  t he connect or s must  be as 
r ecommended by t he manuf act ur er  f or  t he ser vi ce i nt ended.

2. 12. 2. 5   Vi br at i on I sol at i on Uni t s

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

2. 12. 3   Compr essed Ai r  Tanks

The ai r  st or age t ank must  be f abr i cat ed f or  a wor ki ng pr essur e of  not  l ess 
t han 1380 kPa 200 psi  and const r uct ed and cer t i f i ed i n accor dance wi t h 
ASME BPVC SEC VI I I  D1.   The t ank must  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  140 kPa 20 psi .   The t ank must  be 
pr ovi ded wi t h an aut omat i c condensat e dr ai n t r ap wi t h manual  over r i de 
f eat ur e.   Pr ovi de dr ai n val ve and pi pi ng r out i ng t he dr ai nage t o a f l oor  
s i nk or  ot her  saf e and vi s i bl e dr ai nage l ocat i on.

] PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Gener al  I nst al l at i on Requi r ement s

Per f or m t he 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  DDC syst ems.

3. 1. 1. 1   Devi ce Mount i ng Cr i t er i a

Al l  devi ces must  be i nst al l ed i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons and as speci f i ed and i ndi cat ed.   Cont r ol  devi ces t o be 
i nst al l ed i n pi pi ng and duct wor k must  be pr ovi ded 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.   St r ap- on 
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t emper at ur e sensi ng el ement s must  not  be used except  as speci f i ed.   Spar e 
t her mowel l s must  be i nst al l ed adj acent  t o each t her mowel l  cont ai ni ng a 
sensor  and as i ndi cat ed.   Devi ces l ocat ed out door s must  have a 
weat her shi el d.

3. 1. 1. 2   Label s and Tags

Mat ch l abel s and t ags t o t he uni que i dent i f i er s i ndi cat ed on t he As- Bui l t  
dr awi ngs.   Label  al l  encl osur es and i nst r ument at i on.   Tag al l  sensor s and 
act uat or s i n mechani cal  r ooms.   Tag ai r f l ow measur ement  ar r ays t o show 
f l ow r at e r ange f or  s i gnal  out put  r ange,  duct  s i ze,  and pi t ot  t ube AFMA 
f l ow coef f i c i ent .   Tag duct  st at i c pr essur e t aps at  t he l ocat i on of  t he 
pr essur e t ap.   Pr ovi de pl ast i c or  met al  t ags,  mechani cal l y at t ached 
di r ect l y t o each devi ce or  at t ached by a met al  chai n or  wi r e.   Label s 
ext er i or  t o pr ot ect i ve encl osur es must  be engr aved pl ast i c and 
mechani cal l y at t ached t o t he encl osur e or  i nst r ument at i on.   Label s i nsi de 
pr ot ect i ve encl osur es may at t ached usi ng adhesi ve,  but  must  not  be hand 
wr i t t en.

3. 1. 2   Weat her shi el d

Pr ovi de weat her shi el ds f or  sensor s l ocat ed out door s.   I nst al l  
weat her shi el ds such t hat  t hey pr event  t he sun f r om di r ect l y st r i k i ng t he 
sensor  and pr event  r ai n f r om di r ect l y st r i k i ng or  dr i ppi ng ont o t he 
sensor .   I nst al l  weat her  shi 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  condi t i ons of  t he sur r oundi ngs.     
When i nst al l i ng weat her shi el ds near  out si de ai r  i nt ake duct s,  i nst al l  t hem 
such t hat  nor mal  out si de ai r  f l ow does not  cause r ai nwat er  t o st r i ke t he 
sensor .   

3. 1. 3   Room I nst r ument  Mount i ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l  f aci l i t i es ar e r equi r ed t o f ol l ow ADA 
st andar ds unl ess t he bui l di ng i s f or  abl e- bodi ed 
mi l i t ar y per sonnel  wi t h no handi capped vi s i t or s.   
Bui l di ngs must  be const r uct ed t o ADA st andar ds.
For  mor e i nf or mat i on,  pl ease r ef er  t o t he f ol l owi ng 
websi t e.  
ht t p: / / www. ada. gov/ r egs2010/ 2010ADASt andar ds/ 2010ADAst andar ds. ht m#pgf I d- 1008283

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

Mount  r oom i nst r ument s,  i ncl udi ng but  not  l i mi t ed t o wal l  mount ed 
non- adj ust abl e space sensor  modul es and sensor s l ocat ed i n occupi ed spaces,
 [ 1. 5] [ 1. 2]  met er s [ 60] [ 48]  i nches above t he f l oor  unl ess ot her wi se 
i ndi cat ed.   I nst al l  adj ust abl e devi ces t o be ADA compl i ant  unl ess 
ot her wi se i ndi cat ed on t he Room Sensor  Schedul e:

a.   Space Sensor  Modul es f or  Fan Coi l  Uni t s may be ei t her  uni t  or  wal l  
mount ed but  not  mount ed on an ext er i or  wal l .

b.   Wal l  mount  al l  ot her  Space Sensor  Modul es.

3. 1. 4   I ndi cat i on Devi ces I nst al l ed i n Pi pi ng and Li qui d Syst ems

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h t he pr oj ect  s i t e f or  
pr ef er ence on t he use of  pr ogr ammabl e cont r ol l er s or  
mul t i pl e appl i cat i on speci f i c  cont r ol l er s i n cases 
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wher e a s i ngl e appl i cat i on speci f i c  cont r ol l er  f or  
t he appl i cat i on i s not  avai l abl e.

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

Pr ovi de snubber s f or  gauges i n pi pi ng syst ems subj ect  t o pul sat i on.   For  
gauges f or  st eam ser vi ce use pi gt ai l  f i t t i ngs wi t h cock.   I nst al l  
t her momet er s and t emper at ur e sensi ng el ement s i n l i qui d syst ems i n 
t her mowel l s.  Pr ovi de spar e Pr essur e/ Temper at ur e Por t s ( Pet e' s Pl ug)  f or  
al l  t emper at ur e and pr essur e sensi ng el ement s i nst al l ed i n l i qui d syst ems 
f or  cal i br at i on/ t est i ng.

3. 1. 5   Occupancy Sensor s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Choose t he pr ef er r ed l ocat i on and t ype of  
f or   Occupancy Sensor s ( coor di nat e wi t h t he pr oj ect  
s i t e t o det er mi ne pr ef er ence of  O&M St af f ) .

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

Pr ovi de a suf f i c i ent  quant i t y of  occupancy sensor s t o pr ovi de compl et e 
cover age of  t he ar ea ( r oom or  space) .   Occupancy sensor s ar e t o be cei l i ng 
mount ed.   I nst al l  occupancy sensor s i n accor dance wi t h NFPA 70 
r equi r ement s and t he manuf act ur er ' s i nst r uct i ons.   Do not  l ocat e occupancy 
sensor s wi t hi n 2 m 6 f eet  of  HVAC out l et s or  heat i ng duct s,  or  wher e t hey 
can " see"  beyond any door way.   I nst al l at i on above door way( s)  i s 
pr ef er r ed.   Do not  use ul t r asoni c sensor s i n spaces cont ai ni ng cei l i ng 
f ans.   I nst al l  sensor s t o det ect  mot i on t o wi t hi n 600 mm 2 f eet  of  al l  
r oom ent r ances and t o not  t r i gger  due t o mot i on out si de t he r oom.   Set  t he 
of f - del ay t i mer  t o [ 15] [ _____]  mi nut es unl ess ot her wi se i ndi cat ed.   Adj ust  
sensor s pr i or  t o benef i c i al  occupancy,  but  af t er  i nst al l at i on of  f ur ni t ur e 
syst ems,  shel v i ng,  par t i t i ons,  et c.   For  each cont r ol l ed ar ea,  pr ovi de one 
hundr ed per cent  cover age capabl e of  det ect i ng smal l  hand- mot i on movement s,  
accommodat i ng al l  occupancy habi t s of  s i ngl e or  mul t i pl e occupant s at  any 
l ocat i on wi t hi n t he cont r ol l ed r oom.

3. 1. 6   Swi t ches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wal l  mount ed t her most at s and si mi l ar  cont r ol  
syst em component s cont ai ni ng user  i nput  devi ces i n 
ADA compl i ant  f aci l i t i es and spaces ar e r equi r ed t o 
be mount ed 1200 mm 48 i nches above t he f l oor  f or  
f or war d r each and 1300 mm54 i nches f or  s i de r each.   
Not e t he mount i ng hei ght  and l ocat i on f or  t hese 
syst em component s on t he dr awi ngs or  r evi se t he 
f ol l owi ng par agr aph accor di ngl y.

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

3. 1. 6. 1   Temper at ur e Li mi t  Swi t ch

Pr ovi de a t emper at ur e l i mi t  swi t ch ( f r eezest at )  t o sense t he t emper at ur e 
at  t he l ocat i on i ndi cat ed.  Pr ovi de a suf f i c i ent  number  of  t emper at ur e 
l i mi t  swi t ches ( f r eezest at s)  t o pr ovi de compl et e cover age of  t he duct  
sect i on but  no l ess t han 3 m 1 f oot  i n l engt h per  squar e met er  squar e f oot  
of  cr oss sect i onal  ar ea.   I nst al l  manual  r eset  l i mi t  swi t ches i n appr oved,  
accessi bl e l ocat i ons wher e t hey can be r eset  easi l y.   I nst al l  t emper at ur e 
l i mi t  swi t ch ( f r eezest at )  sensi ng el ement s i n a s i de- t o- si de ( not  
t op- t o- bot t om)  ser pent i ne pat t er n wi t h t he r el ay sect i on at  t he hi ghest  
poi nt  and i n accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons.
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3. 1. 6. 2   Hand- Of f  Aut o Swi t ches

Wi r e saf et y cont r ol s such as smoke det ect or s and f r eeze pr ot ect i on 
t her most at s t o pr ot ect  t he equi pment  dur i ng bot h hand and aut o oper at i on.

3. 1. 7   Temper at ur e Sensor s

I nst al l  t emper at ur e sensor s i n l ocat i ons t hat  ar e accessi bl e and pr ovi de a 
good r epr esent at i on of  sensed medi a.   I nst al l at i ons i n dead spaces ar e not  
accept abl e.   Cal i br at e and i nst al l  sensor s accor di ng t o manuf act ur er ’ s 
i nst r uct i ons.   Sel ect  sensor s onl y f or  i nt ended appl i cat i on as desi gnat ed 
or  r ecommended by manuf act ur er .

3. 1. 7. 1   Room Temper at ur e Sensor s

Mount  t he sensor s on i nt er i or  wal l s t o sense t he aver age r oom t emper at ur e 
at  t he l ocat i ons i ndi cat ed.   Avoi d l ocat i ons near  heat  sour ces such as 
copy machi nes or  l ocat i ons by suppl y ai r  out l et  dr af t s.   Mount  t he cent er  
of  al l  user - adj ust abl e sensor s [ 1. 5 m 5 f eet  above t he f i ni shed f l oor ] [
1220 mm 48 i nches above t he f l oor  t o meet  ADA r equi r ement s] [ at  t he 
hei ght [ s]  i ndi cat ed] .   Non user - adj ust abl e sensor s can be mount ed as 
i ndi cat ed i n par agr aph ROOM I NSTRUMENT MOUNTI NG.

3. 1. 7. 2   Duct  Temper at ur e Sensor s

3. 1. 7. 2. 1   Pr obe Type

Pl ace t i p of  t he sensor  i n t he mi ddl e of  t he ai r st r eam or  i n accor dance 
wi t h manuf act ur er ' s r ecommendat i ons or  i nst r uct i ons. Pr ovi de a gasket  
bet ween t he sensor  housi ng and t he duct  wal l .   Seal  t he duct  penet r at i on 
ai r  t i ght .   When i nst al l ed i n i nsul at ed duct ,  pr ovi de encl osur e or  st and 
of f  f i t t i ng t o accommodat e t he t hi ckness of  duct  i nsul at i on t o al l ow f or  
mai nt enance or  r epl acement  of  t he sensor  and wi r i ng t er mi nat i ons.   Seal  
t he duct  i nsul at i on penet r at i on vapor  t i ght .

3. 1. 7. 2. 2   Aver agi ng Type

Weave t he sensi ng el ement  i n a ser pent i ne f ashi on f r om si de t o s i de 
per pendi cul ar  t o t he f l ow,  acr oss t he duct  or  ai r  handl er  cr oss- sect i on,  
usi ng dur abl e non- met al  suppor t s i n accor dance wi t h manuf act ur er ' s 
i nst al l at i on i nst r uct i ons.   Avoi d t i ght  r adi us bends or  k i nki ng of  t he 
sensi ng el ement .   Pr event  cont act  bet ween t he sensi ng el ement  and t he duct  
or  ai r  handl er  i nt er nal s.   Pr ovi de a duct  access door  at  t he sensor  
l ocat i on.   The access door  must  be hi nged on t he si de,  f act or y i nsul at ed,  
have cam t ype l ocks,  and be as l ar ge as t he duct  wi l l  per mi t ,  maxi mum 18 
by 18 i nches.   For  sensor s i nsi de ai r  handl er s,  t he sensor s must  be f ul l y 
accessi bl e t hr ough t he ai r  handl er ' s access door s wi t hout  r emovi ng any of  
t he ai r  handl er ' s i nt er nal s.

3. 1. 7. 3   I mmer si on Temper at ur e Sensor s

Pr ovi de t her mowel l s f or  sensor s measur i ng pi pi ng,  t ank,  or  pr essur e vessel  
t emper at ur es.   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.   When i nst al l ed on i nsul at ed 
pi pi ng,  pr ovi de st and encl osur e or  st and of f  f i t t i ng t o accommodat e t he 
t hi ckness of  t he pi pe i nsul at i on and al l ow f or  mai nt enance or  r epl acement  
of  t he sensor  or  wi r i ng t er mi nat i ons.   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 sense 
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f l ow acr oss ent i r e ar ea of  wel l .   Wel l s must  not  r est r i ct  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 si ze as r equi r ed t o 
avoi d r est r i ct i on.   Pr ovi de t he sensor  wel l  wi t h a heat - sensi t i ve t r ansf er  
agent  bet ween t he sensor  and t he wel l  i nt er i or  ensur i ng cont act  bet ween 
t he sensor  and t he wel l .

3. 1. 7. 4   Out si de Ai r  Temper at ur e Sensor s

Pr ovi de out si de ai r  t emper at ur e sensor s on t he bui l di ng' s nor t h s i de wi t h 
a pr ot ect i ve weat her  shade t hat  does not  i nhi bi t  f r ee ai r  f l ow acr oss t he 
sensi ng el ement ,  and pr ot ect s t he sensor  f r om snow,  i ce,  and r ai n.   
Locat i on must  not  be near  exhaust  hoods and ot her  ar eas such t hat  i t  i s  
not  i nf l uenced by r adi at i on or  convect i on sour ces whi ch may af f ect  t he 
r eadi ng.   Pr ovi de a shi el d t o shade t he sensor  f r om di r ect  sunl i ght .

3. 1. 8   Ai r  Fl ow Measur ement  Ar r ays ( AFMA)

Locat e Out si de Ai r  AFMAs downst r eam f r om t he Out si de Ai r  f i l t er s.

I nst al l  AFMAs wi t h t he manuf act ur er ' s r ecommended mi ni mum di st ances 
bet ween upst r eam and downst r eam di st ur bances.   Ai r f l ow st r ai ght ener s may 
be used t o r educe mi ni mum di st ances as r ecommended by t he AFMA 
manuf act ur er .

3. 1. 9   Duct  St at i c Pr essur e Sensor s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Recommend t hat  t he desi gner  of  r ecor d 
det er mi ne t he pr ef er r ed l ocat i on.   I t  i s  desi r abl e 
t o have mor e t han one t er mi nal  devi ce downst r eam of  
t he sensor  t o pr event  a s i ngl e devi ce f r om havi ng 
t oo much aut hor i t y over  t he cont r ol  l oop.

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

Locat e t he duct  st at i c pr essur e sensi ng t ap at  75 per cent  of  t he di st ance 
bet ween t he f i r st  and l ast  ai r  t er mi nal  uni t s [ as i ndi cat ed on t he desi gn 
document s] .   I f  t he t r ansmi t t er  out put  i s a 0- 10Vdc si gnal ,  l ocat e t he 
t r ansmi t t er  i n t he same encl osur e as t he ai r  handl i ng uni t  ( AHU)  
cont r ol l er  f or  t he AHU ser vi ng t he t er mi nal  uni t s.   I f  a r emot e duct  
st at i c pr essur e sensor  i s t o be used,  r un t he si gnal  wi r e back t o t he 
cont r ol l er  f or  t he ai r  handl i ng uni t .

3. 1. 10   Rel at i ve Humi di t y Sensor s

I nst al l  r el at i ve humi di t y sensor s i n suppl y ai r  duct s at  l east  3 m 10 f eet  
downst r eam of  humi di t y i nj ect i on el ement s.

3. 1. 11   Met er s

3. 1. 11. 1   Fl owmet er s

I nst al l  f l owmet er s t o ensur e mi ni mum st r ai ght  unobst r uct ed pi pi ng f or  at  
l east  10 pi pe di amet er s upst r eam and at  l east  5 pi pe di amet er s downst r eam 
of  t he f l owmet er ,  and i n accor dance wi t h t he manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.

3. 1. 11. 2   Ener gy Met er s

Locat e ener gy met er s as i ndi cat ed.   Connect  each met er  out put  t o t he DDC 
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syst em,  t o measur e bot h i nst ant aneous demand/ ener gy and ot her  var i abl es as 
i ndi cat ed.

3. 1. 12   Damper s

3. 1. 12. 1   Damper  Act uat or s

Pr ovi de spr i ng r et ur n act uat or s whi ch f ai l  t o a posi t i on t hat  pr ot ect s t he 
ser ved equi pment  and space on al l  cont r ol  damper s r el at ed t o f r eeze 
pr ot ect i on or  f or ce pr ot ect i on.   For  al l  out s i de,  makeup and r el i ef  
damper s pr ovi de damper s whi ch f ai l  c l osed.   Ter mi nal  f an coi l  uni t s,  
t er mi nal  VAV uni t s,  convect or s,  and uni t  heat er s nay be non- spr i ng r et ur n 
unl ess i ndi cat ed ot her wi se.   Do not  mount  act uat or s i n t he ai r  st r eam.   Do 
not  connect  mul t i pl e act uat or s t o a common dr i ve shaf t .   I nst al l  act uat or s 
so t hat  t hei r  act i on seal  t he damper  t o t he ext ent  r equi r ed t o mai nt ai n 
l eakage at  or  bel ow t he speci f i ed r at e and so t hat  t hey move t he bl ades 
smoot hl y t hr oughout  t he f ul l  r ange of  mot i on.

3. 1. 12. 2   Damper  I nst al l at i on

I nst al l  damper s st r ai ght  and t r ue,  l evel  i n al l  pl anes,  and squar e i n al l  
di mensi ons.   Damper s must  move f r eel y wi t hout  undue st r ess due t o 
t wi st i ng,  r acki ng ( par al l el ogr ammi ng) ,  bowi ng,  or  ot her  i nst al l at i on 
er r or .   Ext er nal  l i nkages must  oper at e smoot hl y over  t he ent i r e r ange of  
mot i on,  wi t hout  def or mat i on or  s l i ppi ng of  any connect i ng r ods,  j oi nt s or  
br acket s t hat  wi l l  pr event  a r et ur n t o i t ' s  nor mal  posi t i on.   Bl ades must  
c l ose compl et el y and l eakage must  not  exceed t hat  speci f i ed at  t he r at ed 
st at i c pr essur e.   Pr ovi de st r uct ur al  suppor t  f or  mul t i - sect i on damper s.   
Accept abl e met hods of  st r uct ur al  suppor t  i ncl ude but  ar e not  l i mi t ed t o 
U- channel ,  angl e i r on,  cor ner  angl es and bol t s,  bent  gal vani zed st eel  
st i f f ener s,  s l eeve at t achment s,  br aces,  and bui l di ng st r uct ur e.   Wher e 
mul t i - sect i on damper s ar e i nst al l ed i n duct s or  s l eeves,  t hey must  not  sag 
due t o l ack of  suppor t .   Do not  use j ackshaf t s t o l i nk mor e t han t hr ee 
damper  sect i ons.   Do not  use bl ade t o bl ade l i nkages.   I nst al l  out s i de and 
r et ur n ai r  damper s such t hat  t hei r  bl ades di r ect  t hei r  r espect i ve ai r  
st r eams t owar ds each ot her  t o pr ovi de f or  maxi mum mi xi ng of  ai r  st r eams.

3. 1. 13   Val ves

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thr ee- way val ve por t  mar ki ngs var y f r om one 
manuf act ur er  t o anot her .   Bef or e i nst al l i ng a 
t hr ee- way val ve,  not e t he i nl et s and out l et s,  not e 
whi ch por t  i s  nor mal l y open,  whi ch i s nor mal l y 
c l osed,  and whi ch i s t he common por t .   On but t er f l y 
val ves,  l i mi t  t he val ve t r avel  t o 70 per cent  ( 60 
degr ees)  open posi t i on t o achi eve desi gn f l ow.

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

I nst al l  t he val ves i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   

3. 1. 13. 1   Val ve Act uat or s

Pr ovi de spr i ng r et ur n act uat or s on al l  cont r ol  val ves wher e f r eeze 
pr ot ect i on i s r equi r ed.   Spr i ng r et ur n act uat or s f or  t er mi nal  f an coi l  
uni t s,  t er mi nal  VAV uni t s,  convect or s,  and uni t  heat er s ar e not  r equi r ed 
unl ess i ndi cat ed ot her wi se.
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3. 1. 14   Ther momet er s and Gauges

[ 3. 1. 14. 1   Local  Gauges f or  Act uat or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t hi s br acket ed par agr aph i f  pneumat i c 
devi ces ar e not  r equi r ed.

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

Pr ovi de a pr essur e gauge at  each pneumat i c cont r ol  i nput  and out put .  
Pneumat i c act uat or s must  have an accessi bl e and vi s i bl e pr essur e gauge 
i nst al l ed i n t he t ubi ng l i nes at  t he act uat or  as i ndi cat ed.

] 3. 1. 14. 2   Ther momet er s

Mount  devi ces t o al l ow r eadi ng whi l e st andi ng on t he f l oor  or  gr ound,  as 
appl i cabl e.

3. 1. 15   Wi r e and Cabl e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Coor di nat e wi t h t he pr oj ect  s i t e and i ndi cat e 
whet her  al l  wi r i ng needs t o be i n r aceways or  
whet her  l ow- vol t age wi r i ng can be r un wi t hout  
r aceways.

Not e t hat  r equi r i ng al l  wi r i ng t o be r un i n r aceways 
wi l l  i ncr ease t he pr oj ect  cost .

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

Pr ovi de compl et e el ect r i cal  wi r i ng f or  t he Cont r ol  Syst em,  i ncl udi ng 
wi r i ng t o t r ansf or mer  pr i mar i es.  Wi r e and Cabl e must  be i nst al l ed wi t hout  
spl i ces bet ween cont r ol  devi ces and i n accor dance wi t h NFPA 70 and NFPA 90A.   
I nst r ument at i on gr oundi ng must  be i nst al l ed per  t he devi ce manuf act ur er ' s 
i nst r uct i ons and as necessar y t o pr event  gr ound l oops,  noi se,  and sur ges 
f r om adver sel y af f ect i ng oper at i on of  t he syst em.   Test  i nst al l ed gr ound 
r ods as speci f i ed i n I EEE 142.   Cabl es and conduct or  wi r es must  be t agged 
at  bot h ends,  wi t h t he i dent i f i er  i ndi cat ed on t he shop dr awi ngs.   
El ect r i cal  wor k must  be as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM and as i ndi cat ed.   Wi r i ng ext er nal  t o encl osur es must  
be r un i n r aceways[ ,  except  l ow- vol t age cont r ol  and l ow- vol t age net wor k 
wi r i ng may be i nst al l ed as f ol l ows:

a.   pl enum r at ed cabl e i n suspended cei l i ngs over  occupi ed spaces may be 
r un wi t hout  r aceways

b.   nonmet al l i c- sheat hed cabl es or  met al l i c- ar mor ed cabl es may be 
i nst al l ed as per mi t t ed by NFPA 70. ]

I nst al l  cont r ol  c i r cui t  wi r i ng not  i n r aceways i n a neat  and saf e manner .   
Wi r i ng must  not  use t he suspended cei l i ng syst em ( i ncl udi ng t i l es,  f r ames 
or  hanger s)  f or  suppor t .   Wher e condui t  or  r aceways ar e r equi r ed,  cont r ol  
c i r cui t  wi r i ng must  not  r un i n t he same condui t / r aceway as power  wi r i ng 
over  50 vol t s.   Run al l  c i r cui t s over  50 vol t s i n condui t ,  met al l i c  
t ubi ng,  cover ed met al  r aceways,  or  ar mor ed cabl e.

3. 1. 16   Copper  Tubi ng

Pr ovi de har d- dr awn copper  t ubi ng i n exposed ar eas and ei t her  har d- dr awn or  
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anneal ed copper  t ubi ng i n conceal ed ar eas.   Use onl y t ool - made bends.   Use 
onl y br ass or  copper  sol der  j oi nt  t ype f i t t i ngs,  except  f or   connect i ons 
t o appar at us.   For  connect i ons t o appar at us use br ass compr essi on t ype 
f i t t i ngs.

3. 1. 17   Pl ast i c Tubi ng

I nst al l  pl ast i c t ubi ng wi t hi n cover ed r aceways or  condui t  except  when 
ot her wi se speci f i ed.   Do not  use pl ast i c t ubi ng f or  appl i cat i ons wher e t he 
t ubi ng coul d be subj ect ed t o a t emper at ur e exceedi ng 55 degr ees C 130 
degr ees F.   For  f i t t i ngs,  use br ass or  acet al  r esi n of  t he compr essi on or  
bar bed push- on t ype f or  i nst r ument  ser vi ce.   Except  i n wal l s and exposed 
l ocat i ons,  pl ast i c mul t i t ube i nst r ument  t ubi ng bundl e wi t hout  condui t  or  
r aceway pr ot ect i on may be used wher e a number  of  ai r  l i nes r un t o t he same 
poi nt s,  pr ovi ded t he mul t i t ube bundl e i s encl osed i n a pr ot ect i ve sheat h,  
i s  r un par al l el  t o t he bui l di ng l i nes and i s adequat el y suppor t ed as 
speci f i ed.

[ 3. 1. 18   Pneumat i c Li nes

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Remove t hi s br acket ed par agr aph i f  pneumat i c 
devi ces ar e not  r equi r ed.

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

Run t ubi ng conceal ed i n f i ni shed ar eas,  r un t ubi ng exposed i n unf i ni shed 
ar eas l i ke mechani cal  r ooms.   For  t ubi ng encl osed i n concr et e,  pr ovi de 
r i gi d met al  condui t .   Run t ubi ng par al l el  and per pendi cul ar  t o bui l di ng 
wal l s.   Use1. 5 m 5 f oot  maxi mum spaci ng bet ween t ubi ng suppor t s.   Wi t h t he 
compr essor  t ur ned of f ,  t est  each t ubi ng syst em pneumat i cal l y at  1. 5 t i mes 
t he wor ki ng pr essur e and pr ove i t  ai r  t i ght ,  l ocat i ng and cor r ect i ng l eaks 
as appl i cabl e.   Caul k i ng j oi nt s i s not  per mi t t ed.   Do not  r un t ubi ng and 
el ect r i cal  power  conduct or s i n t he same condui t .

a.   I nst al l  pneumat i c l i nes must  such t hat  t hey ar e not  exposed t o out si de 
ai r  t emper at ur es.   Conceal  pneumat i c l i nes except  i n mechani cal  r ooms 
and ot her  ar eas wher e ot her  t ubi ng and pi pi ng i s exposed.

b.   I nst al l  al l  t ubes and t ube bundl es exposed t o v i ew i n l i nes par al l el  
t o t he l i nes of  t he bui l di ng.   Rout e t ubi ng i n mechani cal / el ect r i cal   
so t hat  t he l i nes ar e easi l y t r aceabl e.

c.   Pur ge ai r  l i nes of  di r t ,  i mpur i t i es and moi st ur e bef or e connect i ng t o 
t he cont r ol  equi pment .   Number - code or  col or - code ai r  l i nes and key 
t he codi ng i n t he As- Bui l t  Dr awi ngs f or  f ut ur e i dent i f i cat i on and 
ser vi c i ng t he cont r ol  syst em.

3. 1. 18. 1   Pneumat i c Li nes I n Mechani cal / El ect r i cal  Spaces

I n mechani cal / el ect r i cal  spaces,  use pl ast i c or  copper  t ubi ng f or  
pneumat i c l i nes.   I nst al l  hor i zont al  and ver t i cal  r uns of  pl ast i c t ubi ng 
or  sof t  copper  t ubi ng mi n r aceways or  r i gi d condui t  dedi cat ed t o t ubi ng.   
Suppor t  dedi cat ed r aceways,  condui t ,  and har d copper  t ubi ng not  i nst al l ed 
i n r aceways ever y 2 m 6 f eet  f or  hor i zont al  r uns and ever y 2. 4 m 8 f eet  
f or  ver t i cal  r uns.

3. 1. 18. 2   Pneumat i c Li nes Ext er nal  t o Mechani cal / El ect r i cal  Spaces

Ext er nal  t o mechani cal / el ect r i cal  spaces,  use pl ast i c t ubi ng i n r aceways 
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not  cont ai ni ng power  wi r i ng or  copper  t ubi ng wi t h sweat  f i t t i ngs.   Suppor t  
r aceways and t ubi ng not  i n r aceways ever y 2. 4 m 8 f eet .   For  pneumat i c 
l i nes conceal ed i n wal l s use har d- dr awn copper  t ubi ng or  pl ast i c t ubi ng i n 
r i gi d condui t .   Pl ast i c t ubi ng i n a pr ot ect i ve sheat h,  r un par al l el  t o t he 
bui l di ng l i nes and suppor t ed as speci f i ed,  may be used above accessi bl e 
cei l i ngs and i n ot her  conceal ed but  accessi bl e l ocat i ons.

3. 1. 18. 3   Ter mi nal  Si ngl e Li nes

For  t er mi nal  s i ngl e l i nes use har d- dr awn copper  t ubi ng,  except  when t he 
r un i s l ess t han 300 mm 12 i nches i n l engt h,  f l exi bl e pol yet hyl ene may be 
used.

3. 1. 18. 4   Connect i on t o Li qui d and St eam Li nes

Use [ 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 f or  connect i on of  
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.

3. 1. 18. 5   Connect i on t o Duct wor k

Use pl ast i c t ubi ng f or  connect i ons t o sensi ng el ement s i n duct wor k.

3. 1. 18. 6   Tubi ng i n Concr et e

I nst al l  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.

3. 1. 18. 7   Tubi ng Connect i on t o Act uat or s

For  f i nal  connect i ons t o act uat or s use pl ast i c t ubi ng no mor e t han 300 mm 
12 i nches l ong and unsuppor t ed at  t he act uat or .

] 3. 1. 19   Compr essed Ai r  St at i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  possi bl e,  f oundat i ons and housekeepi ng 
pads shoul d be speci f i ed i n Sect i on 23 30 00 HVAC 
AI R DI STRI BUTI ON.

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

Mount  t he ai r  compr essor  assembl y on vi br at i on el i mi nat or s,  i n accor dance 
wi t h ASME BPVC SEC VI I I  D1 f or  t ank c l ear ance.   Connect  t he ai r  l i ne t o 
t he t ank wi t h a f l exi bl e pi pe connect or .   Pr ovi de 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.   Compr essed ai r  st at i ons must  del i ver  cont r ol  ai r  meet i ng t he 
r equi r ement s of  I SA 7. 0. 01.   Pr ovi de f oundat i ons and housekeepi ng pads f or  
t he HVAC cont r ol  syst em ai r  compr essor s [ i n accor dance wi t h t he ai r  
compr essor  manuf act ur er ' s i nst r uct i ons] [ as speci f i ed i n Sect i on 23 30 00 
HVAC AI R DI STRI BUTI ON] .

        - -  End of  Sect i on - -

SECTI ON 23 09 13  Page 49


