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SECTI ON 35 45 03. 00 10

SPEED REDUCERS FOR STORM WATER PUMPS
05/ 22

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  speed r educer s used wi t h ver t i cal  
i mpel l er  pumps.

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 gui de speci f i cat i on,  as wr i t t en,  i s  f or  
use i n const r uct i on cont r act s f or  t he bui l di ng of  
pumpi ng st at i ons.   I f  i t  i s  t o be used i n suppl y 
cont r act s,  i t  shoul d be changed as appr opr i at e.

The pump,  mot or ,  base,  el ect r i cal  power ,  engi ne,  and 
cl ut ch ( i f  used)  ar e al l  r el at ed component s but  ar e 
not  i ncl uded i n t hi s speci f i cat i on.

The epi cycl i c r educer  i s r el i abl e and especi al l y 
wel l  sui t ed t o hi gh power  appl i cat i ons.   I t  shoul d 
not  nor mal l y be del et ed as an opt i on i f  t he pr i me 
mover  has a ver t i cal  shaf t .
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1. 1   UNI T PRI CES

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  Sect i on 01 20 00 PRI CE AND PAYMENT 
PROCEDURES i s i ncl uded i n t he pr oj ect  
speci f i cat i ons,  t hi s par agr aph t i t l e ( UNI T PRI CES)  
shoul d be del et ed f r om t hi s sect i on and t he 
r emai ni ng appr opr i at el y edi t ed subpar agr aphs bel ow 
shoul d be i nser t ed i nt o Sect i on 01 20 00.

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

1. 1. 1   Speed Reducer s f or  St or m Wat er  Pumps

Make payment s f or  cost s associ at ed wi t h [ f ur ni shi ng]  [ f ur ni shi ng and 
i nst al l i ng]  [ i nst al l i ng]  t he speed r educer s f or  st or m wat er  pumps as 
speci f i ed.

1. 2   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.

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs

AMERI CAN GEAR MANUFACTURERS ASSOCI ATI ON ( AGMA)

AGMA 6013 ( 2006A;  R2016)  St andar d f or  I ndust r i al  
Encl osed Gear  Dr i ves

SECTI ON 35 45 03. 00 10  Page 4



AGMA 6123 ( 2016C)  Desi gn Manual  f or  Encl osed 
Epi cycl i c Gear  Dr i ves

ANSI / AGMA 6025 ( 1998D;  R 2010)  Sound f or  Encl osed 
Hel i cal ,  Her r i ngbone and Spi r al  Bevel  Gear  
Dr i ves

ANSI / AGMA 6113 ( 2016B)  St andar d f or  I ndust r i al  Encl osed 
Gear  Dr i ves ( Met r i c Edi t i on)

ANSI / AGMA 9000 ( 2011D)  Fl exi bl e Coupl i ngs -  Pot ent i al  
Unbal ance Cl assi f i cat i on

ANSI / AGMA 9005 ( 2016)  I ndust r i al  Gear  Lubr i cat i on

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  RP 686 ( 2009)  Recommended Pr act i ce f or  Machi ner y 
I nst al l at i on and I nst al l at i on Desi gn

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

ASME B31. 1 ( 2022)  Power  Pi pi ng

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

I SO 4406 ( 2021)  Hydr aul i c Fl ui d Power  -  Fl ui ds -  
Met hod f or  Codi ng t he Level  of  
Cont ami nat i on by Sol i d Par t i c l es

I SO 16889 ( 2022)  Hydr aul i c Fl ui d Power  -  Fi l t er s -  
Mul t i - Pass Met hod f or  Eval uat i ng 
Fi l t r at i on Per f or mance of  a Fi l t er  El ement

I SO 20816- 3 ( 2022)  Mechani cal  Vi br at i on -  Measur ement  
and Eval uat i on of  Machi ne Vi br at i on -  Par t  
3:  I ndust r i al  Machi ner y wi t h a Power  
Rat i ng Above 15 kW and Oper at i ng Speeds 
Bet ween 120 r / mi n and 30 000 r / mi n

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

U. S.  ENVI RONMENTAL PROTECTI ON AGENCY ( EPA)

EPA 800- R- 11- 002 ( 2011)  Envi r onment al l y Accept abl e 
Lubr i cant s
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1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Gener al  Pr oduct  Requi r ement s

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

Thi s sect i on i s i nt ended t o be used al ong wi t h 
Sect i on 35 45 01 VERTI CAL PUMPS,  AXI AL- FLOW AND 
MI XED- FLOW I MPELLER- TYPE.   The desi gner  i s 
r esponsi bl e f or  det er mi ni ng whet her  a speed r educer  
i s r equi r ed or  whet her  a di r ect  dr i ve ver t i cal  
i nduct i on mot or  can be used t o dr i ve t he pump.   
Gui dance f or  maki ng t hi s deci s i on i s EM 1110- 2- 3105,  
MECHANI CAL AND ELECTRI CAL DESI GN OF PUMPI NG 
STATI ONS.   An addi t i onal  sect i on f or  t he pr i me 
mover ,  an el ect r i c mot or  or  di esel  engi ne,  i s al so 
nor mal l y added.   The i nt ent i on i s f or  t hese 
component s t o be pur chased and i nst al l ed by t he 
Const r uct i on Cont r act or .   Pur chase of  t he t hr ee 
component s i n a s i ngl e cont r act  al l ows t he suppl i er  
t o obt ai n t he most  opt i mum combi nat i on of  component s 
t hus r educi ng cost s whi l e not  sacr i f i c i ng 
r el i abi l i t y .   Thi s al so makes i t  f easi bl e f or  t he 
Cont r act or  t o per f or m dynami c anal ysi s as descr i bed 
i n Sect i on 35 45 01 and be sol el y r esponsi bl e f or  
acqui r i ng t he necessar y dat a t o per f or m such 
anal ysi s.   The dynami c anal ysi s i s i mpor t ant  t o 
ensur e t he pump,  r educer ,  and mot or  or  engi ne 
combi nat i on i s f r ee of  det r i ment al  v i br at i on.   I f  
t he r educer  and pr i me mover  ar e pur chased 
separ at el y,  t he desi gner  i s r esponsi bl e t o pr ovi de 
addi t i onal  pl ans and speci f i cat i ons cover i ng r educer  
i nst r ument at i on.   Pr ovi s i ons f or  a pump,  r educer ,  
and Pr ovi s i ons f or  a pump,  r educer ,  and pr i me mover  
base pl at e ar e descr i bed i n Sect i on 35 45 01.   Pump 
and r educer  al i gnment  i s descr i bed i n Sect i on 
35 45 01.   The " Buy Amer i can Act "  whi ch wi l l  be 
i ncl uded i n t he non- t echni cal  por t i on of  t he 
cont r act  wi l l  pr ecl ude t he use of  nondomest i c 
r educer s and appur t enances.

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

Pr ovi de speed r educer s whi ch ar e desi gned and manuf act ur ed by an 
or gani zat i on t hat  i s r egul ar l y engaged i n t he manuf act ur e of  speed 
r educer s of  t he t ype ut i l i zed f or  t hese i nst al l at i ons whi ch conf or m t o t he 
r equi r ement s of  ANSI / AGMA 6113AGMA 6013 or  AGMA 6123.   Submi t  compl et e 
comput at i ons,  desi gn l oads,  and cat al og dat a.   Di spl ay t he cer t i f i ed 
Cont r act or ' s manuf act ur er ' s ANSI / AGMA i nsi gni a as evi dence of  conf or mance 
t o t hese st andar ds on t he r educer s namepl at e.   Ci t e t he Cont r act or ' s 
sel ect ed  manuf act ur er ' s name,  model  desi gnat i on,  ser i al  number ,  uni t  
r at i ng,  appl i cat i on f act or ,  r educt i on r at i o,  and ot her  appl i cabl e 
i nf or mat i on on t he namepl at e.   Pr ovi de a [ s i ngl e r educt i on spi r al  bevel ]  
[ spi r al  bevel  pr i mar y,  hel i cal  secondar y st age]  [ s i ngl e r educt i on par al l el  
shaf t ]  [ doubl e r educt i on par al l el  shaf t ]  [ epi cycl i c]  gear  t ype equi pped 
wi t h t hr ust  bear i ngs t o make t he speed r educer  sui t abl e f or  use wi t h a 
ver t i cal  i mpel l er  pump.   Equi p t he r educer  wi t h a t hr ust  bear i ng wher e 
upt hr ust  i s  possi bl e dur i ng pump st ar t up or  shut down.   Pr ovi de a backst op 
t o pr event  r ever se r ot at i on of  t he pump.

SECTI ON 35 45 03. 00 10  Page 6



1. 3. 2   Desi gn Condi t i ons

1. 3. 2. 1   Oper at i ng Condi t i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   The speed r educer ,  pump,  and pr i me mover  ar e 
i nt ended t o be pur chased t oget her ;  r esponsi bi l i t y  
f or  est abl i shi ng oper at i ng l oads shoul d be pl aced on 
t he Cont r act or .   I f  t he speed r educer  i s pur chased 
separ at el y,  t he desi gner  must  det er mi ne t he 
oper at i ng l oads f r om pump and pr i me mover  dat a.

For  mot or  st al l  t or que,  350 per cent  of  r at ed l oad 
shoul d be used f or  i nduct i on mot or s.   For  di esel  
engi nes,  t he maxi mum t or que shoul d equal  t he s l i p 
t or que of  t he over l oad pr ot ect i on devi ce.   An ai r  
act uat ed cl ut ch shoul d be used as over l oad 
pr ot ect i on.

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

I ncl ude t he f ol l owi ng oper at i ng condi t i ons as a mi ni mum:  maxi mum i nput  
power ,  mot or  or  engi ne speed,  speed r educer  r at i o,  maxi mum pump r ever se 
over speed,  l ow- speed shaf t  downwar d t hr ust  i ncl udi ng wei ght [ ,  l ow- speed 
shaf t  moment ar y upwar d t hr ust  dur i ng st ar t up or  shut down] ,  hi gh- speed 
shaf t  di r ect i on of  r ot at i on,  l ow- speed shaf t  di r ect i on of  r ot at i on,  
over hung l oad,  mot or  st al l  t or que,  or  maxi mum engi ne over l oad t or que 
t r ansmi t t ed t hr ough t he cl ut ch,  r ever se t or que l oad on t he backst op.

1. 3. 2. 2   Runaway

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph f or  engi ne- dr i ven 
uni t s.   I f  emer gency cl osur e mi ght  not  be achi eved 
wi t hi n 30 mi nut es,  t hi s t i me per i od must  be 
i ncr eased.

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

Desi gn t he speed r educer  t o wi t hst and backst op f ai l ur e and maxi mum pump 
r ever se r unaway speed f or  a per i od of  [ 30]  [ _____]  mi nut es.

1. 3. 3   Ar r angement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n maki ng choi ces as t o t he r educer  
ar r angement ,  t he desi gner  must  coor di nat e wi t h t he 
pump ( Sect i on 35 45 01)  and pr i me mover  
speci f i cat i ons.   These cont ai n st at ement s on shaf t  
conf i gur at i on.   The hol l ow out put  shaf t  ar r angement  
i s pr ef er r ed f or  ease of  i nst al l at i on.   I f  t he 
r educer  i s pur chased separ at el y f r om t he pump and 
pr i me mover ,  t he desi gner  i s r esponsi bl e f or  
det er mi ni ng i nput  and out put  shaf t  det ai l s and 
ensur i ng t he r educer  wi l l  be compat i bl e.   For  
r educer s dr i ven by a di esel  engi ne,  an ai r  act uat ed 
cl ut ch i s r ecommended.   The cl ut ch shoul d be par t  of  
t he di esel  engi ne speci f i cat i on.

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

[ Pr ovi de a t r ue hol l ow l ow- speed shaf t  wher e t he pump shaf t  passes 
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concent r i cal l y t hr ough t he r educer  shaf t  al l owi ng f i ni t e i mpel l er  
el evat i on adj ust ment . ]   [ Pr ovi de a speed r educer  out put  shaf t  connect ed t o 
t he pump usi ng a r i gi d coupl i ng. ]   [ Connect  speed r educer  i nput  shaf t  t o 
t he mot or  shaf t  by a f l exi bl e coupl i ng. ]   [ Connect  t he speed r educer  i nput  
shaf t  t o t he engi ne wi t h t wo uni ver sal  j oi nt s and an i nt er medi at e shaf t . ]   
[ Connect  t he speed r educer  i nput  shaf t  t o t he engi ne wi t h a f l exi bl e 
coupl i ng. ]   Ensur e compat i bi l i t y  and f i t  of  t he r educer  hi gh- speed and 
l ow- speed shaf t s wi t h t hat  of  t he pump and pr i me mover .   Pr ovi de a speed 
r educer  mount i ng whi ch i s desi gned t o per mi t  r emoval  of  t he r educer  and 
r ei nst al l at i on wi t hout  r equi r i ng r eal i gnment  of  t he r educer  and shaf t i ng.   
Bef or e assembl y,  dynami cal l y bal ance each gear  and shaf t  assembl y.

1. 4   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .   The Gui de Speci f i cat i on 
t echni cal  edi t or s have cl assi f i ed t hose i t ems t hat  
r equi r e Gover nment  appr oval ,  due t o t hei r  compl exi t y 
or  cr i t i cal i t y,  wi t h a " G. "   Gener al l y,  ot her  
submi t t al  i t ems can be r evi ewed by t he Cont r act or ' s 
Qual i t y Cont r ol  Syst em.   Onl y add a “ G”  t o an i t em,  
i f  t he submi t t al  i s  suf f i c i ent l y i mpor t ant  or  
compl ex i n cont ext  of  t he pr oj ect .

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

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

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

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e 
[ f or  Cont r act or  Qual i t y Cont r ol  appr oval . ] [ f or  i nf or mat i on onl y.   When 
used,  a code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  
wi l l  r evi ew t he submi t t al  f or  t he Gover nment . ]   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs
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Speed Reducer s;  G[ ,  [ _____] ]

Lubr i cat i on Syst em;  G[ ,  [ _____] ]

I nst r ument at i on;  G[ ,  [ _____] ] ;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Syst em Descr i pt i on;  G[ ,  [ _____] ]

Bear i ngs;  G[ ,  [ _____] ]

Gear s;  G[ ,  [ _____] ]

Shaf t s;  G[ ,  [ _____] ]

[ Coupl i ngs]  [ Uni ver sal  Joi nt s] ;  G[ ,  [ _____] ]

Backst op;  G[ ,  [ _____] ]

Housi ng;  G[ ,  [ _____] ]

Lubr i cat i on Syst em;  G[ ,  [ _____] ]

I nst r ument at i on;  G[ ,  [ _____] ]

Speed Reducer s;  G[ ,  [ _____] ]

Lubr i cat i ng Oi l ;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Shop Test i ng

Fi el d Test i ng

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

Oper at i ons and Mai nt enance ( O&M)  Manual ;  G[ ,  [ _____] ]

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  mat er i al  and equi pment  f r om weat her ,  humi di t y,  t emper at ur e 
var i at i on,  di r t ,  dust ,  and ot her  cont ami nant s dur i ng del i ver y and st or age.

1. 6   EXTRA MATERI ALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  i s r esponsi bl e f or  pr ovi di ng a 
l i s t  of  spar e par t s r equi r ement s.   Thi s shoul d be 
based on consi der at i on of  whet her  t he pur chase of  a 
compl et e spar e r educer  i s j ust i f i ed and t he 
consequences of  downt i me of  one or  mor e uni t s.   
Spar e par t s mi ght  ot her wi se i ncl ude spar e gear s,  
bear i ngs,  seal s,  l ubr i cat i on syst em par t s,  
i nst r ument at i on component s,  or  heat  exchanger .   The 
desi gner  shoul d consul t  wi t h t he end user  of  t he 
syst em t o det er mi ne spar e par t s r equi r ement s.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Submi t  t he f ol l owi ng:   [ _____]

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Appl i cat i on f act or s of  1. 25 ( el ect r i c mot or )  
and 1. 50 ( di esel  engi ne)  ar e t he val ues r ecommended 
by EM 1110- 2- 3105 MECHANI CAL AND ELECTRI CAL DESI GN 
OF PUMPI NG STATI ONS.   These ar e sui t abl e f or  most  
appl i cat i ons.   Wher e r educer  oper at i ng condi t i ons 
ar e consi der ed sever e,  t he appl i cat i on f act or s of  
1. 75 ( el ect r i c mot or )  and 2. 0 ( di esel  engi ne)  may be 
used t o i ncr ease r el i abi l i t y .

I SO 20816- 3 was added i n t he event  any vi br at i on 
t est i ng may be r equi r ed by t he desi gner .

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

Pr ovi de new mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  t he 
Cont r act or ' s manuf act ur er s who ar e r egul ar l y engaged i n t he pr oduct i on of  
gear  r educer s f or  ver t i cal  pump dr i ves and t hat  essent i al l y  dupl i cat e 
pr oduct s whi ch have been i n pr i or  sat i sf act or y use f or  at  l east  2 year s 
pr i or  t o bi d openi ng.   Submi t  det ai l  dr awi ngs consi st i ng of  a compl et e 
l i s t  of  equi pment  and mat er i al s,  i ncl udi ng descr i pt i ve and t echni cal  
l i t er at ur e;  per f or mance char t s and cur ves;  cat al og cut s;  and i nst al l at i on 
i nst r uct i ons.   Show on t he dr awi ngs pr oposed l ayout  and anchor age of  
equi pment  and appur t enances,  and equi pment  r el at i onshi p t o ot her  par t s of  
wor k i ncl udi ng cl ear ances f or  mai nt enance and oper at i on.   Rat e t he r educer  
assembl y i n accor dance wi t h ANSI / AGMA 6113AGMA 6013 or  AGMA 6123 as 
appl i cabl e.   Pr ovi de r educer s whi ch ar e equal  t o or  exceed t he maxi mum 
i nput  power  t i mes an appl i cat i on f act or [  of  [ 1. 25] [ 1. 75]  f or  r educer s 
dr i ven by el ect r i c mot or s ] [ [ 1. 5] [ 2. 0]  f or  r educer s dr i ven by di esel  
engi nes. ] [   For  v i br at i on t est i ng conf or m t o I SO 20816- 3. ]

2. 2   BEARI NGS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The sel ect i on of  t hr ust  bear i ng t ype shoul d 
be l ef t  t o t he r educer  manuf act ur er .   The sel ect i on 
of  bear i ng t ype i s based upon t hr ust  l oad.   For  ver y 
hi gh t hr ust  l oads,  a hydr odynami c f l ui d f i l m t hr ust  
bear i ng may be needed.   I f  t he desi gner  has speci f i c  
exper i ence whi ch r el at es t o whi ch bear i ng t ype i s 
best  f or  t he appl i cat i on,  one of  t he opt i ons f or  
t hr ust  bear i ng t ype may be omi t t ed.

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

2. 2. 1   Thr ust  Bear i ngs

Pr ovi de t hr ust  bear i ngs whi ch ar e ei t her  hydr odynami c f l ui d f i l m t ype or  
ant i f r i c t i on t ype.   Ant i f r i c t i on t hr ust  t ype bear i ngs can be ei t her  
t aper ed r ol l er  or  spher i cal  r ol l er  t ype.   Si ze t he t hr ust  bear i ng f or  t he 
pump t hr ust  pl us t he wei ght  of  t he i mpel l er  and shaf t .   Si ze t he bear i ngs 
t o be abl e t o sust ai n cont i nuous oper at i onal  l oad as wel l  as st ar t up and 
shut down l oads.   For  hydr odynami c f l ui d f i l m t hr ust  bear i ngs use pi vot ed 
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segment al  shoes wi t h t he babbi t t ed f ace sur f aced as r ecommended by t he 
bear i ng manuf act ur er  t o mai nt ai n an opt i mum oi l  f i l m.

2. 2. 2   Radi al  Bear i ngs

Use ant i f r i c t i on t ype r adi al  bear i ngs f or  spi r al  bevel  and par al l el  shaf t  
r educer s.   Use ei t her  hydr odynami c f l ui d f i l m t ype or  ant i f r i c t i on t ype 
r adi al  bear i ngs f or  epi cycl i c r educer s.

2. 2. 3   Hydr odynami c Fl ui d Fi l m Bear i ngs

Desi gn t he bear i ngs t o have a mi ni mum oi l  f i l m t hi ckness of  12. 5 µm 0. 0005 
i nch under  t he most  sever e oper at i ng condi t i ons.   The bear i ng l oads can 
not  exceed 2400 kPa 350 psi  f or  t he maxi mum l oad.   Wher e hydr odynami c 
f l ui d f i l m t hr ust  bear i ngs ar e used,  make sui t abl e hydr ost at i c l i f t  
pr ovi s i ons i f  r equi r ed t o pr event  bear i ng damage dur i ng st ar t up.   Pr ovi ded 
t hr ust  bear i ngs wi t h ei t her  spr i ng l oaded or  embedded i nst r ument at i on t o 
moni t or  oper at i ng t emper at ur es.

2. 2. 4   Ant i f r i c t i on Bear i ngs

Use ant i f r i c t i on bear i ngs whi ch ar e r at ed f or  an L- 10 l i f e of  100, 000 
hour s at  t he oper at i ng l oad of  t he r educer .   Conf or m t o ABMA 9 f or  bal l  
bear i ng l oad r at i ngs.   Conf or m t o ABMA 11 f or  r ol l er  bear i ng l oad r at i ngs.

2. 3   GEARS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Desi gner  must  del et e i nappl i cabl e st at ement s 
whi ch per t ai n t o t he gear  t ypes not  used.

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

[ Pr ovi de doubl e hel i cal  desi gns f or  Epi cycl i c gear i ng. ]  [ Pr ovi de hel i cal  
desi gns f or  par al l el  shaf t  gear i ng. ] [  Pr ovi de spi r al  bevel  desi gns f or  
r i ght  angl e gear i ng. ]   Gas ni t r i de or  car bur i ze,  t hen har den and gr ound 
spi r al  bevel ,  hel i cal ,  and doubl e hel i cal  gear s.   For  epi cycl i c gear i ng 
t he annul us r i ng may be cut  by gear  shaper .   Cr own t he pi ni on or  gear  of  
each hel i cal  set  t o el i mi nat e end l oadi ng.   For  hel i cal  gear s,  use 
st andar d nor mal  di amet r al  pi t ches.   I n addi t i on t o r at i ng t he gear s 
accor di ng t o ANSI / AGMA 6113AGMA 6013 or  AGMA 6123 as appl i cabl e,  ensur e 
gear  st r esses do not  exceed 80 per cent  of  y i el d st r engt h f or  any over l oad,  
mot or  st al l ,  or  engi ne over l oad condi t i on.   Use 350 per cent  of  mot or  r at ed 
t or que f or  mot or  st al l  condi t i on mi ni mum.

2. 4   SHAFTS

Pr ovi de heat  t r eat ed al l oy st eel  f or  gear  shaf t s.   Ensur e i nput  shaf t  
s i zes and conf i gur at i ons ar e compat i bl e wi t h t he mot or  or  engi ne and 
cl ut ch.   Ensur e out put  shaf t  s i zes and conf i gur at i ons ar e compat i bl e wi t h 
t he pump.   Wel ded shaf t s ar e not  accept abl e.

2. 5   [ COUPLI NGS]  [ UNI VERSAL JOI NTS]

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  must  del et e i nappl i cabl e 
st at ement s.   Coupl i ngs ar e t o be used wi t h el ect r i c 
mot or  pr i me mover s.   Uni ver sal  j oi nt s ar e t o be used 
wi t h di esel  engi ne pr i me mover s.   I n some cases,  
f l exi bl e coupl i ngs may be used wi t h di esel  engi nes.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Connect  t he speed r educer  t o t he mot or  ( engi ne)  by [ f l exi bl e coupl i ng]  
[ uni ver sal  j oi nt s] .   Speci f y a ser vi ce f act or  of  2 based on maxi mum r at ed 
l oad f or  [ coupl i ngs]  [ uni ver sal  j oi nt s] .   Do not  exceed 80 per cent  of  
y i el d st r engt h at  maxi mum over l oad condi t i ons.   [ Pr ovi de coupl i ngs whi ch 
t r ansmi t  t or que by means of  a st eel  gr i d spr i ng f i t t ed i nt o gr oves i n t he 
per i pher y of  t he coupl i ng hubs or  by means of  ext er nal  gear s on hubs 
engagi ng i n i nt er nal  gear s on t he coupl i ng s l eeves or  by hubs engaged wi t h 
f l exi bl e sel f - l ubr i cat i ng member s.   Coupl i ngs wi t h s l eeves hel d i n pl ace 
by snap r i ngs ar e not  accept abl e. ]   [ Pr ovi de uni ver sal  j oi nt s whi ch have 
f or ged st eel  yokes and spi der s and seal ed needl e r ol l er  bear i ngs.   I nst al l  
uni ver sal  j oi nt s i n pai r s.   Conf or m t he angl es bet ween each shaf t  and t he 
i nt er medi at e shaf t  as r equi r ed.   Set  t he dr i v i ng pi ns on t he yokes 
at t ached t o t he i nt er medi at e shaf t  par al l el  t o each ot her . ]   [ Encl ose and 
seal  coupl i ngs t o excl ude cont ami nant s and r et ai n t he l ubr i cant  under  bot h 
st at i c and oper at i ng condi t i ons. ]   [ Pr ovi de ANSI / AGMA 9000 cl ass 7 or  
bet t er  f l exi bl e coupl i ngs wi t h gr ease unl ess sel f - l ubr i cat ed. ]

2. 6   BACKSTOPS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Mount i ng of  t he backst op wi t h t he i nner  
member  and r ol l er s st at i onar y wi l l  decr ease wear  and 
heat  gener at i on and consequent l y i ncr ease t he l i f e 
of  t he backst op.   The out war d r adi al  l oad on t he 
r ol l er s i s decr eased i n t hi s mount i ng s i t uat i on.   
Thi s mount i ng met hod can be obt ai ned wi t hout  undue 
cost  but  i s not  t he st andar d mount i ng met hod f or  
t hese backst ops.   The desi gner  may opt  f or  t he 
st andar d met hod ( i nner  member  and r ol l er s r ot at i ng)  
but  i s advi sed t hat  bet t er  l i f e has been obt ai ned 
wi t h t he i nner  member  st at i onar y.   For  smal l er  
wat t age hor sepower  uni t s ( 375 kW ( 500 hp and bel ow) ,  
t he dr op- pi n t ype backst op i s a sat i sf act or y 
al t er nat i ve and may be added t o t he speci f i cat i on.   
Spr agt ype backst ops per f or m adequat el y i n many 
i nst al l at i ons but  have been mor e pr one t o pr obl ems 
such as wear  and excessi ve heat  gener at i on t han t he 
ot her  t ypes and ar e not  l i s t ed as an opt i on her e.   
I f  a di esel  engi ne i s used,  t he i dl e speed and 
dur at i on shoul d be l i s t ed f or  pr oper  consi der at i on 
dur i ng backst op si z i ng.

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

Pr ovi de a backst op on t he out put  shaf t  t o pr event  r ever se r ot at i on of  t he 
pump.   For  doubl e r educt i on r educer s,  t he backst op may be mount ed on t he 
out put  or  i nt er medi at e shaf t .   Si ze t he backst op f or  t he r esul t i ng t or que 
at  t he r educer  dur i ng maxi mum r ever se f l ow at  pump and appl y a ser vi ce 
f act or  of  2. 0 t o t he equi pment ' s publ i shed r at i ng.   I n addi t i on pr ovi de a 
backst op whi ch i s sui t abl e f or  cont i nuous oper at i on at  engi ne i dl e speed 
of  [ 800]  [ _____]  r pm t hat ' s of  a t ype wi t h cyl i ndr i cal  r ol l er s on i ncl i ned 
cam pl anes or  dr op- pi n t ype.   Ar r ange t he backst op wi t h t he out er  r ace 
movi ng and t he i nner  r ace f i xed.   The backst op t emper at ur e cannot  exceed 
160 degr ees F under  al l  oper at i ng condi t i ons wi t h an ambi ent  t emper at ur e 
up t o 40 degr ees C 100 degr ees F.   Pr ovi de a c i r cul at i ng oi l  l ubr i cat i on 
syst em wi t h suf f i c i ent  f l ow t o pr ovi de t he r equi r ed cool i ng.   The 
l ubr i cat i on syst em may be par t  of  t he gear  r educer  l ubr i cat i on syst em.
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2. 7   HOUSI NG

2. 7. 1   Gener al

Pr ovi de a housi ng made f r om cast  or  f abr i cat ed st eel .   St r ess r el i eve 
pr i or  t o machi ni ng,  and r ei nf or ce t o car r y al l  appl i ed l oads and t o 
mai nt ai n gear  al i gnment .   Pr ovi de a sol e pl at e under  t he r educer .   Level  
and gr out  t he sol e pl at e i n accor dance wi t h API  RP 686.   Use j acki ng bol t s 
f or  l evel i ng bef or e gr out i ng,  and back of f  j acki ng bol t s af t er  l evel i ng t o 
t r ansf er  t he l oad t o t he gr out  pad.   Pr ovi de an anchor  bol t  l ayout  t o ai d 
i n pl acement  of  t he anchor  bol t s.   Machi ne t he housi ng bot t om.   Pai nt  t he 
i nt er i or  of  t he r educer  wi t h an oi l  compat i bl e coat i ng.   Pai nt  t he 
ext er i or  wi t h t he Cont r act or ' s st andar d coat i ng syst em.   Pr ovi de an oi l  
f i l l  connect i on and a dr ai n connect i on wi t h a magnet i c pl ug.   Pr ovi de 
l i f t i ng l ugs f or  l i f t i ng t he ent i r e r educer  assembl y and any subassembl y 
or  component  whi ch cannot  be l i f t ed usi ng web sl i ngs.

2. 7. 2   Seal s

Use a dr ywel l  desi gn seal  f or  ver t i cal  down out put  shaf t s.   Use a l i p seal  
on t he i nput  shaf t  t o pr event  l eakage of  oi l  and excl ude di r t  and ut i l i ze 
har dened st eel  wear  s l eeves.

2. 7. 3   I nspect i on Cover s

Pr ovi de i nspect i on hol es wi t h cover  pl at es l ocat ed above t he maxi mum oi l  
l evel  t o per mi t  v i ewi ng of  gear  t eet h al l owi ng eval uat i on of  t he cont act  
pat t er ns of  each gear  mesh and t o al l ow i nspect i on of  i nt er nal  f eat ur es of  
t he l ubr i cat i on syst em.

2. 8   LUBRI CATI ON SYSTEM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Consul t  wi t h EM 1110- 2- 1424 when desi gni ng an 
Envi r oment al l y Accept abl e Lubr i cant  ( EAL)  syst em.

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

2. 8. 1   Gener al

Pr ovi de an oi l  l ubr i cat i on syst em t hat  wi l l  pr ovi de cont i nuous l ubr i cat i on 
t o t he gear s,  bear i ngs,  and oi l  l ubr i cat ed- t ype backst op consi st i ng of  an 
oi l  c i r cul at i ng pump,  [ oi l - t o- wat er ] [ ai r ]  heat  exchanger ,  pi pi ng,  f i l t er s,  
and cont r ol s f or  each r educer  dr i ven di r ect l y f r om t he speed r educer  
shaf t .   The maxi mum oi l  sump t emper at ur e at  r at ed speed al l owabl e i s 160 
degr ees F at  an ambi ent  t emper at ur e of  40 degr ees C 100 degr ees F.   I f  a 
hydr odynami c t hr ust  bear i ng i s used,  i t s l ubr i cat i on syst em may be par t  of  
t he gear  r educer  l ubr i cat i on syst em,  or  a separ at e l ubr i cat i on syst em may 
be pr ovi ded.

2. 8. 2   Lubr i cat i ng Oi l

Pr ovi de mi ner al  oi l  or  Pol yal phaol ef i ne ( PAO)  synt het i c hydr ocar bon 
l ubr i cat i ng oi l  as r ecommended i n ANSI / AGMA 6113AGMA 6013 or  AGMA 6123 f or  
an ambi ent  t emper at ur e r ange of  [ mi nus 10 t o pl us 50 degr ees C 15 t o 125 
degr ees F] [ _____]  f or  use i n t he gear  r educer ( s)  and backst op( s) .   Pr ovi de 
vi scosi t y r at i ng and necessar y l ubr i cant  addi t i ves as r ecommended by t he 
Cont r act or ' s f abr i cat or .   [ Pr ovi de envi r onment al l y accept abl e l ubr i cant  i n 
accor dance wi t h EPA 800- R- 11- 002 whi ch i s compat i bl e wi t h t he l ubr i cat i on 
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syst em. ]   Submi t  cat al og dat a f or  t he pr oposed l ubr i cant .

Pr ovi de a manuf act ur er  of  oi l  whi ch has a mi ni mum of  15 year s of  
exper i ence i n t he pr ocessi ng and manuf act ur e of  s i mi l ar  oi l .  Pr ovi de gear  
oi l  whi ch i s t he st andar d pr oduct  of  t he manuf act ur er  and f r om a st andar d 
pr oduct  l i ne.

Pr ovi de gear  oi l  whi ch meet s al l  r equi r ement s of  ANSI / AGMA 9005 whi ch can 
oper at e at  bot h ext r eme hi gh t emper at ur es and l ow t emper at ur es.   Use gear  
oi l  whi ch pr ovi des r ust  and cor r osi on pr ot ect i on f or  t he gear  set s and 
bear i ngs.   Submi t  l ubr i cat i on manuf act ur er  dat a whi ch c l ear l y i ndi cat es 
t he l ubr i cat i on meet s t he gener al  per f or mance r equi r ement s.

a.  Ther mal  and oxi dat i ve st abi l i t y  under  hi gh t emper at ur es
b.  Oper at i on under  ext r eme l ow t emper at ur es
c.  Oper at i on under  hi gh t emper at ur e
d.  Ext r eme pr essur e and ext r eme wear  pr oper t i es t o pr ot ect  t he gear s and 

bear i ngs
e.  Oper at i on under  boundar y l ubr i cat i on t o pr ot ect  gear  set s
f .  Hi gh vi scosi t y i ndex
g.  Sl udge pr ot ect i on
h.  Resi st ance t o wat er  and moi st ur e
i .  Hydr ol yt i c st abi l i t y  and wat er  separ abi l i t y  dat a
j .  Resi st ance t o f oami ng

Pr ovi de oi l  wi t h a c l eanl i ness r at i ng t hat  conf or ms t o I SO 4406 and meet s 
t he f ol l owi ng t hr ee di gi t  r at i ng code:  17/ 15/ 13.   Accept abl e wat er  cont ent  
i s bel ow 300 ppm.   Pr ovi de at  l east  3 r andom sampl es and cor r espondi ng 
t est  dat a of  gear  oi l  f r om each del i ver y t o show i t  conf or ms t o t he 
c l eanl i ness r at i ng and wat er  concent r at i on r equi r ement s.

2. 8. 3   Oi l  Pumps

Pr ovi de posi t i ve di spl acement  t ype oi l  pumps equi p wi t h a r el i ef  val ve 
whi ch di schar ges t o t he sump whi ch i s r ever si bl e so i t  cont i nues t o 
f unct i on dur i ng a r unaway condi t i on.

2. 8. 4   Pr el ubr i cat i on Pump

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   An el ect r i c mot or - dr i ven pr el ubr i cat i on pump 
i s r ecommended wher e hydr odynami c t hr ust  bear i ngs 
wi l l  be used t o ensur e an opt i mum oi l  f i l m i s 
devel oped pr i or  t o st ar t up.   Many appl i cat i ons wi t h 
hydr odynami c t hr ust  bear i ngs do not  use el ect r i c 
mot or - dr i ven pumps.   The desi gner  has t he opt i on of  
omi t t i ng t he r equi r ement  f or  an el ect r i c 
mot or - dr i ven pump.

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

Pr ovi de a pr el ubr i cat i on pump whi ch i s posi t i ve di spl acement .  [ Pr ovi de a 
hand- oper at ed t ype wher e ant i f r i c t i on t hr ust  bear i ngs ar e used. ] [   Pr ovi de 
a posi t i ve di spl acement  el ect r i c mot or - dr i ven pump wher e hydr odynami c 
t hr ust  bear i ngs ar e used] .   Pr ovi de an el ect r i c mot or - dr i ven pump capabl e 
of  del i ver i ng suf f i c i ent  pr essur e t o l i f t  t he t hr ust  bear i ng r unner  f r om 
t he shoes.   Pr ovi de t he means t o oper at e i n manual  and aut omat i c modes.   
Aut omat i c mode consi st s of  aut omat i cal l y suppl y i ng oi l  pr i or  t o r educer  
st ar t up,  oper at i ng at  l east  30 seconds af t er  r educer  st ar t up,  t hen 
aut omat i cal l y shut t i ng down.   Manual  mode,  consi st s of  t he pr el ubr i cat i on 
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pump bei ng st ar t ed and st opped f r om a l ocal  push but t on st at i on.   
[ Avai l abl e power  f or  t he pump and cont r ol s wi l l  be 480 V,  3 Ph,  60 Hz and 
120 V,  1 Ph,  60 Hz. ]   Suppl y oi l  f r om t he l ubr i cat i on syst em pr i or  t o 
r educer  st ar t up.   Ut i l i ze zer o- l eakage check val ves t o i sol at e i t  f r om t he 
l ubr i cat i on syst em dur i ng oper at i on of  t he r educer .   Val ve oper at i on i s 
not  per mi t t ed t o execut e t he pr el ubr i cat i on cycl e or  t o r et ur n t o nor mal  
oper at i on.

2. 8. 5   Oi l  and Br eat her  Fi l t er s

Pr ovi de t wo oi l  f i l t er s on t he pump out l et  s i de,  one f or  r emovi ng 
par t i c l es and t he ot her  f or  wat er  r emoval .  Pr ovi de a par t i c l e f i l t er  wi t h 
a Bet a r at i ng of  B6 gr eat er  t han 200 at  400 kPa 60 psi  di f f er ent i al  t est ed 
i n accor dance wi t h I SO 16889.   [ The r educer  manuf act ur er  may pr opose an 
al t er nat e Bet a r at i ng by submi t t i ng pr oof  t hat  B6 gr eat er  t han 75 i s 
unsui t abl e f or  t he l ubr i cant  t o be used. ]   I ncor por at e an oi l - f i l l ed 
di f f er ent i al  pr essur e gauge t o i ndi cat e t he pr essur e dr op acr oss t he 
f i l t er .   Equi p t he f i l t er  wi t h an i nt er nal  magnet i c el ement .   Pr ovi de a 
wat er  r emoval  f i l t er  whi ch can mai nt ai n a wat er  cont ent  i n t he oi l  t o no 
gr eat er  t han 200 ppm.   Si ze al l  f i l t er  assembl i es so t he pr essur e dr op 
acr oss t he cl ean f i l t er  i s  no gr eat er  t han 30 kPa 4 psi .   Si ze t he 
par t i c l e f i l t er  t o avoi d bypass at  a st ar t up oi l  t emper at ur e of  25 degr ees 
C 80 degr ees F.   Pr ovi de a f i l t er  bypass set t i ng of  300 t o 400 kPa 45 t o 
60 psi .   The mi ni mum el ement  col l apse r at i ng  1050 kPai s 150 psi .   Pr ovi de 
a br eat her  f i l t er  wi t h a Bet a r at i ng of  B6 gr eat er  t han 75 and a desi ccant  
chamber  t o r emove wat er .

2. 8. 6   Heat  Exchanger

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTES:   When usi ng an oi l - t o- ai r  heat  exchanger ,  use 
t he second br acket ed par agr aph.

The desi gner  must  consi der  t he wat er  sour ce.   Wher e 
possi bl e,  pot abl e wat er  i s t he f i r st  choi ce.   When 
f l ows ar e excessi ve,  ot her  sour ces must  be used.   
Dependi ng on t he t ur bi di t y of  t he wat er ,  di f f er ent  
met hods wi l l  be needed t o c l ean t he wat er  such as a 
cycl oni c separ at or .   I f  t he wat er  t hr ough t he heat  
exchanger  t ubes i s t ur bi d,  vel oci t i es shoul d be kept  
above 2 m/ s 7 f ps t o pr event  c l oggi ng.   Wher e t he 
wat er  i s br acki sh or  ot her wi se hi ghl y cor r osi ve,  
70- 30 t ube mat er i al  shoul d be used.   Pl at e heat  
exchanger s shoul d be l ef t  as an opt i on as t hey ar e 
gener al l y easi er  t o mai nt ai n.   Wher e sui t abl e 
cool i ng wat er  i s unavai l abl e or  may cause 
mai nt enance pr obl ems,  an oi l - t o- ai r  heat  exchanger  
shoul d be used.

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

[ Pr ovi de a heat  exchanger  whi ch i s ei t her  a wat er - cool ed shel l  and t ube 
t ype,  wat er - cool ed pl at e t ype,  or  i nt er nal  wat er - cool ed coi l s wi t hi n t he 
r educer  sump.   Compose heat  exchanger  t ubes of  [ 90- 10 Copper  Ni ckel  
Al l oy] [ 70- 30 Copper  Ni ckel  Al l oy]  wi t h a mi ni mum t ube t hi ckness of  1. 519 mm
 0. 0598 i nch ( 16 gauge)  whi ch adequat e f or  t he speci f i ed pr essur e r at i ng.   
Pr ovi de heat  exchanger  pl at es t ype 316 cor r osi on r esi st ant  st eel .   
Ci r cul at e wat er  t hr ough t he t ubes or  pl at es.  Pr ovi de a desi gn whi ch wi l l  
al l ow t ubes or  pl at es t o be cl eaned.   Maxi mum t emper at ur e of  cool i ng wat er  
pr ovi ded i s [ 25 degr ees C 80 degr ees F] [ _____] ,  at  a pr essur e of  [  550 kPa 
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80 psi ] [ _____] ,  at  a maxi mum f l ow r at e of  [ 0. 6 L/ s 10 gpm] [ _____] .  St r ai n 
t he cool i ng wat er  t o a maxi mum [ 3 mm 1/ 8 i nch] [ _____]  par t i c l e s i ze.   The 
maxi mum pr essur e dr op t hr ough t he cl ean heat  exchanger  al l owabl e i s [ 55 
kPa ( gage)  8 psi g] [ _____] .   Desi gn t he heat  exchanger  f or  a wor ki ng 
pr essur e of  [ 550 kPa ( gage)  80 psi g] [ _____] .   Pr essur e t est  t he heat  
exchanger  t o 150 per cent  of  t he desi gn pr essur e f or  a per i od of  4 hour s 
and moni t or  t he heat  exchanger  f or  l eakage dur i ng t he t est .   Any l eakage 
wi l l  be cause f or  r ej ect i on. ]

[ Pr ovi de an oi l - t o- ai r  t ype heat  exchanger  wi t h s i ze based upon a maxi mum 
ambi ent  t emper at ur e of  40 degr ees C 100 degr ees F.  composed of  copper  or  
copper  al l oy t ubes.   Desi gn t he heat  exchanger  t o wi t hst and a t est  
pr essur e of  150 per cent  of  t he desi gn pr essur e hel d f or  a per i od of  4 
hour s and moni t or  t he heat  exchanger  f or  l eakage dur i ng t he t est .   Leakage 
i s cause f or  r ej ect i on.   I ncl ude a f an,  mot or ,  and cont r ol s i n t he 
oi l - t o- ai r  heat  exchanger  syst em f or  mai nt ai ni ng t he speci f i ed oi l  
t emper at ur e. ]

2. 8. 7   Cool i ng Wat er  Cont r ol  Val ve

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e i f  an oi l - t o- ai r  heat  exchanger  i s 
used.

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

Pr ovi de a t her mo- mechani cal  cont r ol  val ve t o adj ust  t he f l ow r at e of  wat er  
t hr ough t he heat  exchanger  t o mai nt ai n a mi ni mum oi l  t emper at ur e of  50 
degr ees C 120 degr ees F i n t he housi ng sump.

2. 8. 8   Pi pi ng and Tubi ng

Use seaml ess st eel  t ubi ng oi l  l i nes up t o 50 mm 2 i nches o. d.  wi t h 37 
degr ee f l ar e or  f l ar el ess f i t t i ngs.   Use st eel  pi pe wi t h wel ded f i t t i ngs 
wher e pi pe si zes of  50 mm 2 i nches and over  ar e r equi r ed.   Use copper  or  
copper  al l oy wi t h br azed or  95- 5 sol der ed j oi nt s f or  wat er  pi pes.   Ensur e 
al l  pi pi ng,  t ubi ng,  and f i t t i ngs conf or m t o ASME B31. 1.   Use vi br at i on 
i sol at i ng t ubi ng and pi pi ng suppor t s.   Keep oi l  t ubi ng or  por t s wi t hi n t he 
gear  case wher e f easi bl e.   Keep di ssi mi l ar  met al s el ect r i cal l y i sol at ed t o 
pr event  cor r osi on.

2. 8. 9   Oi l  Heat er

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I n r egi ons wher e t he t emper at ur e dur i ng f l ood 
season i s r ar el y bel ow 10 degr ees C 50 degr ees F,  
consi der at i on may be gi ven t o omi ssi on of  t he oi l  
heat er .   However ,  omi ssi on of  t he oi l  heat er  i s 
gener al l y not  r ecommended because i t  r esul t s i n poor  
oi l  c i r cul at i on at  st ar t up and i t  i s  i mpr act i cal  t o 
s i ze t he f i l t er  t o avoi d a bypass condi t i on at  
t emper at ur es bel ow 20 t o 25 degr ees C 70 t o 80 
degr ees F.   Accumul at ed cont ami nant s can be passed 
at  unaccept abl e concent r at i ons dur i ng a bypass 
condi t i on.   The oi l  heat er  shoul d be used si nce i t  
wi l l  hel p ensur e adequat e oi l  f l ow dur i ng uni t  
st ar t up.   Caki ng of  t he oi l  on t he heat er  i s 
pr event ed by usi ng a l ow wat t  densi t y heat er ,  9300 
wat t s per  squar e met er  6 wat t s per  squar e i nch.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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I nst al l  a t her most at i cal l y oper at ed oi l  heat er  t o mai nt ai n t he oi l  at  a 
t emper at ur e of  25 degr ees C 80 degr ees F.   Si ze t he heat er  based on a 
mi ni mum ambi ent  t emper at ur e of  [ mi nus 10 degr ees C 15 degr ees F]  [ _____] .   
Equi p t he heat er  wi t h t he abi l i t y  t o be shut  of f  i f  t he uni t  i s  t o be out  
of  ser vi ce f or  an ext ended per i od.   The heat er s wat t  densi t y can not  be 
gr eat er  t han 9300 W/ squar e m 6 W/ i nch squar ed.

2. 9   I NSTRUMENTATI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi ded t hat  t he pr i me mover  and r educer  ar e 
pur chased and i nst al l ed under  a s i ngl e cont r act ,  t he 
Cont r act or  must  del i ver  t he i nst r ument at i on as a 
compl et e wor ki ng package.   I f  t he r educer  i s 
pur chased separ at el y,  t he desi gner  i s r esponsi bl e 
f or  t aki ng car e of  addi t i onal  pl ans and 
speci f i cat i ons f or  t he i nst r ument at i on.   On 
noncr i t i cal  appl i cat i ons,  consi der at i on may be gi ven 
by t he desi gner  t o del et e t he hi gh t emper at ur e 
swi t ch,  f l ow swi t ch,  and vi br at i on swi t ch.   The 
desi gner  woul d t hen del et e al l  el ect r i cal  
r equi r ement s f or  i nst r ument at i on.

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

Pr ovi de i nst r ument at i on f or  t he r educer  suppl i ed and i nst al l ed as a 
compl et e wor ki ng package.   Conf or m el ect r i cal  wor k t o NFPA 70.   Pr ovi de 
NEMA 250,  Type 4 el ect r i cal  encl osur es.   Pr ovi de an el ect r i cal  t er mi nat i on 
cabi net .   [ Avai l abl e power  i s 120 V,  1 ph. ]   Pr ovi de t he f ol l owi ng devi ces 
wi t hi n t he speed r educer  at  a mi ni mum:

a.   Hi gh oi l  t emper at ur e swi t ch i n uni t  sump.

( 1)   Al ar m at  80 degr ees C 180 degr ees F.

( 2)   Shut  down pr i me mover  at  95 degr ees C 200 degr ees F.

( 3)   Lower  set t i ngs may be used i f  r ecommended by t he Cont r act or ' s 
manuf act ur er .

b.   Oi l  pr essur e gauge.

( 1)   Af t er  oi l  pump.

( 2)   El ect r i c mot or - dr i ven pr el ubr i cat i on pump ( i f  used) .

( 3)   Gauges whi ch ar e oi l  or  gl ycer i n f i l l ed and wi t h snubber s and 
i sol at i on val ves.

c.   Ther momet er .   Mer cur y i s not  al l owed.

( 1)   Sump

( 2)   Oi l  l i ne af t er  heat  exchanger

( 3)   Backst op

d.   Oi l  Level  Si ght  Gauge,  wi t h bui l t  i n r ef l ect or .
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e.   Resi st ance Temper at ur e Det ect or  ( RTD) ,   Hydr odynami c Thr ust  Bear i ng,  
i f  used.

( 1)   Al ar m at  80 degr ees C 180 degr ees F.

( 2)   Shut  down pr i me mover  at  95 degr ees C 200 degr ees F.

( 3)   Lower  set t i ngs may be used i f  r ecommended by t he r educer  and 
bear i ng manuf act ur er s.

f .   Oi l  Fl ow Swi t ch.

( 1)   Al ar m at  80 per cent  of  desi gn f l ow.

( 2)   Shut  down pr i me mover  at  60 per cent  of  desi gn f l ow.

g.   Vi br at i on Swi t ch -  Al ar m at  13 mm/ s 0. 5 i nch/ sec or  at  basel i ne l evel  
r ecommended by t he r educer  manuf act ur er .

PART 3   EXECUTI ON

3. 1   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

3. 1. 1   Shop Test i ng

Submi t  a shop t est  r epor t  f ul l y  document i ng t he t est .   I n addi t i on t o or  
as par t  of  t he Cont r act or ' s nor mal  shop t est i ng pr ocedur e,  t est  t he 
r educer  at  r at ed speed wi t h no l oad t o check f or  pot ent i al  pr obl ems pr i or  
t o f i el d t est i ng.   Check gear  cont act  pat t er ns,  sound l evel ,  l ubr i cat i on 
and cool i ng,  and al l  ot her  oper at i onal  char act er i st i cs.    [ 90 dBA i s t he 
maxi mum sound pr essur e l evel  of  t he speed r educer  and pr i me mover  al l owed 
i n t he shop t est  measur ed at  a di st ance of  1 m 3 f eet  f r om t he 
equi pment . ]   Measur e sound i n accor dance wi t h ANSI / AGMA 6025.   Pr ovi de any 
pr event at i ve measur es t o cont r ol  backgr ound noi se.   Not i f y t he Cont r act i ng 
Of f i cer  2 weeks pr i or  t o per f or mi ng t he shop t est .

[ 3. 1. 1. 1   Cr i t i cal  Speeds

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Dynami c anal ysi s of  t he pump,  r educer ,  and 
engi ne or  mot or  assembl y wi l l  be per f or med by t he 
pump manuf act ur er  as descr i bed i n Sect i on 35 45 01 
VERTI CAL PUMPS,  AXI AL- FLOW AND MI XED- FLOW 
I MPELLER- TYPE.   I f  t he r educer  i s pur chased 
separ at el y f r om t he pump,  t hi s par agr aph shoul d be 
del et ed and r esponsi bi l i t y  f or  dynami c anal ysi s,  i f  
done,  i s t hat  of  t he desi gner .

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

Per f or m dynami c anal ysi s of  t he pump,  r educer ,  and mot or  ( engi ne)  
assembl y.  Make any desi gn modi f i cat i ons t o t he r educer  whi ch ar e necessar y 
t o avoi d r esonances i n t he syst em.   A t or s i onal  or  l at er al  nat ur al  
f r equency wi t hi n 25 per cent  of  nor mal  oper at i ng speed of  any shaf t  or  gear  
mesh f r equency i s unaccept abl e.

] 3. 1. 2   I nst al l at i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he r educer  i s not  f ur ni shed i nst al l ed,  
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t hi s par agr aph must  be modi f i ed or  el i mi nat ed.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

I nst al l  t he speed r educer  under  t he super vi s i on of  t he r educer  
Cont r act or ' s r epr esent at i ve and ensur e al l  f eat ur es and syst ems ar e 
oper at i onal .  Pr ovi de al l  necessar y l i f t i ng devi ces,  at t achment s,  and 
speci al  t ool s r equi r ed f or  mai nt enance.   Submi t  an OPERATI ONS AND 
MAI NTENANCE ( O&M)  MANUAL whi ch pr ovi des det ai l ed st ar t up and oper at i ng 
pr ocedur es,  l ubr i cat i on i nst r uct i ons,  i nst al l at i on and al i gnment  
pr ocedur es,  r out i ne mai nt enance r equi r ement s and pr ocedur es,  compl et e 
det ai l ed pr ocedur es f or  di sassembl y and assembl y of  t he r educer ,  par t s 
l i s t  f or  al l  par t s det ai l ed,  assembl y dr awi ngs of  t he r educer  showi ng al l  
par t s,  suppl i er s f or  al l  par t s,  set t i ngs and adj ust ment  f or  pr ot ect i ve 
devi ces,  and a l i s t  of  al l  t ool s,  handl i ng devi ces,  and spar e par t s 
f ur ni shed.

3. 1. 3   Fi el d Test i ng

Fi el d t est  t he speed r educer  at  r at ed speed and l oad t o demonst r at e t hat  
r educer  oper at i on,  l ubr i cat i on,  cool i ng,  and i nst r ument at i on meet  cont r act  
r equi r ement s.   Ensur e t he dur at i on of  t he t est  i s  l ong enough t o r eveal  
ver i f i abl e gear  cont act  pat t er ns.   I nspect ed gear  cont act  pat t er s and 
pr ovi de t o t he Cont r act i ng Of f i cer .   Ensur e gear  cont act  pat t er ns ar e at  
l east  70 per cent  of  f ace wi dt h.   Ensur e spi r al  bevel  gear s have a cent r al  
t oe cont act  pat t er n wi t h cont act  of  50 per cent  of  f ace wi dt h at  f ul l  
l oad.   Phot ogr aph and i ncl ude as par t  of  t he f i el d t est  r epor t  t he 
obser ved gear  cont act  pat t er ns.   Document  al l  dat a col l ect ed f or  l oad and 
speed measur ement ,  l ubr i cat i on,  oi l  t emper at ur e and f l ow,  ambi ent  
t emper at ur e,  cool i ng wat er  t emper at ur e and f l ow,  gear  cont act  pat t er ns,  
and any ot her  dat a r equi r ed t o show compl i ance wi t h speci f i cat i ons.   
Shoul d t her e be i nsuf f i c i ent  wat er  avai l abl e t o per f or m t he t est ,  t he 
Cont r act i ng Of f i cer  may del ay t he t est  [ f or  up t o [ 9] [ ___]  mont hs ] or  
wai ve t he t est .

3. 2   OPERATI ONS AND MAI NTENANCE DATA

[ For  speci f i cat i ons on t he f ur ni shi ng,  i nst al l at i on,  oper at i ons and
mai nt enance i nst r uct i ons,  r ef er  t o Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.   Unl ess ot her wi se speci f i ed,  al l  oper at i on and 
mai nt enance manual s ar e t o be compr ehensi ve t o t he gear  r educer  syst em 
wi t h i ndependent  sect i ons f or  each uni que pi ece of  equi pment .   Oper at i on 
and Mai nt enance manual s ar e t o compl y wi t h t he r equi r ement s of  Dat a 
Package 3 i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE 
DATA.

] a.   Saf et y pr ecaut i ons
b.   Oper at or  pr est ar t
c.   St ar t up,  shut down,  and post - shut down pr ocedur es
d.   Nor mal  oper at i ons
e.   Emer gency oper at i ons
f .   Envi r onment al  condi t i ons
g.   Lubr i cat i on dat a
h.   Pr event i ve mai nt enance pl an and schedul e
i .   Cl eani ng r ecommendat i ons
j .   Tr oubl eshoot i ng gui des and di agnost i c t echni ques
k.   Wi r i ng di agr ams and cont r ol  di agr ams
l .   Mai nt enance and r epai r  pr ocedur es
m.   Removal  and r epl acement  i nst r uct i ons
n.   Spar e par t s and suppl y l i s t
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o.   Pr oduct  submi t t al  dat a
p.   O&M submi t t al  dat a
q.   Par t s i dent i f i cat i on
r .   War r ant y i nf or mat i on
s.   Test i ng equi pment  and speci al  t ool  i nf or mat i on
t .   Test i ng and per f or mance dat a
u.   Cont r act or  i nf or mat i on

Submi t  s i x copi es of  t he OPERATI ONS AND MAI NTENANCE ( O&M)  MANUAL [ i n 
accor dance wi t h par agr aph OPERATI ONS AND MAI NTENANCE MANUALS and]  i n 
compl i ance wi t h Dat a Package 3 i n Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

       - -  End of  Sect i on - -
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