
PEER REVIEWED 

Dryer section rebuild and 
expansions, with new concepts for 
lubrication purification and oil 
reservoir sizing 
STEPHEN FUSCO ANO RIC SELBIE 

R 
ECENTLY TWO OLDER PAPER MA- 

chines were rebuilt with an 
emphasis on improving the 
existing dryer sections. 

Both machines were limited by the 
pressure rating of the existing dry- 
ers. The speed and reliability were 
also limited because of the older 
babbitt journal bearing on the dryer 
cans. The rebuild of each machine's 
dryer section was tailored to the 
requirements needed to increase 
production.  Antifriction bearings 
would be required. An additional 
constraint was the limited space that 
was available for a new circulating 
oil system and its components. The 
use of antifriction bearings put an 
increased demand on the new oil 
system. This increased load on the 
lube system was due to the relatively 
low machine speed of less than 300 
m/rain (1000 ft/min). The old lubri- 
cation system was contaminated 
with babbitt and years of particles 
left from improper  filtration. It 
required replacement. 

DRYER SECTION FOR MILL A 
The existing paper machine dryer 
section consisted of 38 dryers, each 
1220 mm (48 in.) in diameter. The 
dryers were pressure rated at 517 
kPa (75 psi). Each bearing had bab- 
bitted assemblies, and all compo- 
nents were in poor  condition. Oil 
flow rate to the bearings was 76 
L/min (20 gal/min). Replacing the 
existing dryers in the constant-rate 
or high-evaporation zone required 

new 1034-kPa (150-psi) dryers to 
meet the new production rates. The 
new dryers would be fitted with 
antifriction bearings, new gears, and 
siphons for higher operating speed 
and better runnability. The new bear- 
ing assemblies required 212 L/min 
(56 gal/min) of oil flow. 

THE EXISTING FRAMES WERE 
ACCEPTABLE 

An  important key to the rebuild was 
using the existing dryer section fram- 
ing; the frames were in good condi- 
tion. The new dryer cans and bearing 
assemblies were designed to fit in 
the existing frames. The lubrication 
system was replaced and installed in 
the basement. F igure  1 shows the 
dryer section and a schematic of the 
oil system. 

Production goals are being met 
The mill has experienced about an 
8% increase in production. A sec- 
ondary success of this rebuild was 
the contribution of less unscheduled 
downtime on the machine due to 
bearing replacements. 

DRYER SECTION REBUILD AT MILL B 
In this expansion, the mill had previ- 
ously rebuilt the wet end of its board 
machine; the sheet entering the 
dryer section was now wider. The 
existing dryers in the first section 
could not carry and dry the wider 
sheet. 

The first dryer section consists of 
twenty-three 1066-ram (42-in.)-diam. 
dryers in a three-high configuration, 

as shown in Fig. 2. These dryers 
were fitted with plain babbitted jour- 
nal bearings. Howevel, the bearings 
presented maintenance and run-abil- 
ity problems. Lubrication was pro- 
vided by an oil mist system, which 
could not be used with new antifric- 
tion-type bearings. The new lube sys- 
tem had to fit in the basement area 
and had to be small enough to fit 
through exiting doors and column 
spacings. Space was at a premium. 

The existing foundation and 
frames were sound 

In this case, the mill wanted to reuse 
the existing dryer frames without 
any changes to the machine founda- 
tion, if possible. After review of the 
machine frames and existing sole 
plates, a plan was devised to remove 
the existing dryers and move the 
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I. Schematic of dryer section and typical oil piping lines~Mill A 

f rames  o u t w a r d  on  the sole plates .  
The  exis t ing sole p la tes  w e r e  w i d e  
e n o u g h  to a c c o m m o d a t e  the  n e w  
dryers .  These  d rye r s  have a 254-mm 
(10-in.)-wider  face. T h e y  w e r e  f i t ted 
w i t h  n e w  a n t i f r i c t i o n  b e a r i n g s  
w i t h i n  t he  ex i s t ing  f rames .  N e w  
d r y e r  cans  w e r e  ins ta l led to  r ep l ace  
the  01d non-ASME-coded  dryers .  

The  l u b r i c a t i o n  s y s t e m  was  
ins ta l led in the  basemen t .  Its f l ow  
rate  was  s ized at 87.5 L/min (23.0 
ga l /min)  to hand le  the  n e w  bea t i ng  
requ i rements .  The  genera l  arrange- 
m e n t  o f  these  changes  is s h o w n  in 
Fig. 2. 

LUBRICATION ISSUES 
Lubrication changes were 
required 

Lubr ica t ion  changes  w e r e  k e y  to  
b o t h  o f  t h e s e  r e b u i l d  succes se s .  
T h e r e  was  n o t  e n o u g h  s p a c e  in 
e i the r  case  to  install  a convent ional -  
size lube  oil  reservoir .  But was  this  

necessary?  
Should reservoirs use the old 
standards for sizing? 

As the  mills expand ,  the  lubr ica t ion  
sys tems b e c o m e  obso le t e  o r  under-  
sized. The re  may  no t  b e  e n o u g h  f loor  
space  to inc rease  the  size of  oil stor- 
age c o n s i s t e n t  w i t h  o ld  p h i l o s o -  
phies .  Engineer ing  may  th ink  that  an 
e x p a n s i o n  is no t  poss ib le ,  because  
the re  is insuff ic ient  r o o m  to increase  
the  oil r ese rvo i r  size. This l imi ta t ion  
is based  on  o ld  theor ie s  of  f i l t rat ion 
and  w a t e r - s e p a r a t i o n  t e c h n i q u e s .  
Perhaps  the  reservoi r  d o e s n ' t  n e e d  

to be  expanded .  
There  is an informal  sizing stan- 

dard  w i th in  the  eng inee r ing  cen te r s  
o f  the  pu lp  and p a p e r  industry.  This 
s tandard  r e c o m m e n d s  oil r ese rvo i r  
vo lume for d rye r  sect ions,  p ress  sec- 
t ions,  and  we t - end  e q u i p m e n t  to b e  
30 t imes  the  ra ted  p u m p i n g  capacity.  
The  dr iv ing force  b e h i n d  this stan- 
dard  was  to a l low abou t  30 min  o f  
set t l ing t ime  for water ,  air, and  part i -  
cles to  separa te  b y  gravity f rom the  
oi l  r e t u r n i n g  f rom the  bea r ings .  
Some  c o n s e r v a t i v e  r e q u i r e m e n t s  
push  this capac i ty  to 60 t imes  the  
f l ow  rate, espec ia l ly  for  d rye r  sec- 
t ions.  For  example ,  a small  d rye r  sec- 
t ion  w i th  a lubr ica t ion  r e q u i r e m e n t  
of  284 L/rain (75 ga l /min)  is typica l ly  
spec i f ied  w i t h  an 8516-L (2250-gal) 
reservoir .  This will  a l low the  oil to  
res ide  in the  reservoi r  for 30 min  
before  the  p u m p  suc t ion  re tu rns  the  
oil to  the  bear ing.  Dur ing  this t ime,  
the  w a t e r  and air we re  e x p e c t e d  to 

separate .  
Oils in use today do not 
separate in 30 min 

Over  the  years,  p a p e r m a k e r s  have 
d e m a n d e d  m o r e  of  the i r  mach ines  in 
t e rms  of  s p e e d  and th roughpu t .  Oil  
formula t ions  we re  d e v e l o p e d  to  han- 
d le  t h e  i n c r e a s e  in l u b r i c a t i o n  
demands .  The  oils we re  fo rmula t ed  
w i th  a var ie ty  of  de te rgen t s  and  oxi- 
da t ion  and rust  inhibi tors .  These  for- 
mula t ions  a l lowed  the  mills to run  at 
a h ighe r  t h r o u g h p u t  bu t  e l imina ted  
the  natura l  separa t ion  o f  w a t e r  f rom 
the  oil. Because  of  the  addit ives,  the  

w a t e r  w o u l d  n o w  form s t rong emul- 
s ions w i th in  the  oil. These  emuls ions  
are ex t r eme ly  s t a b l e - - s o  s table that  
the  w a t e r  w o u l d  no t  separa te  f rom 
the  oil in 3 0 - 6 0  min.  In fact, the  
emuls ions  are so s table that  w e  are 
n o w  e x p e r i e n c i n g  set t l ing t imes  of  
several  m o n t h s  in l abo ra to ry  con- 
tainers.  Obvious ly  a 30-60-min  reser- 
voir  is no t  effective,  no r  is it p rac t ica l  
to bu i ld  a rese rvo i r  to  ho ld  several  
m o n t h s  of  oil. 

Better oil formulas don't always 
solve the problem 

Oil c o m p a n i e s  have b e g u n  deve lop-  
ing re formula t ions  that  wil l  a l low 
w a t e r  to  s e p a r a t e  m o r e  quickly.  
Whi le  these  fo rmula t ions  do  sepa- 
rate w a t e r  in a l abo ra to ry  environ-  
ment ,  the  real  w o r l d  has  had  a differ- 
en t  expe r i ence .  Con tamina t ion  f rom 
wi th in  the  p a p e r  mill  w o r k s  its w a y  
into  the  oil system. In a r ecen t  paper ,  
the  au thors  p o i n t e d  out  that  w a t e r  
sepa ra t ion  can  be  severe ly  c o m p r o -  
m i s e d  b y  ve ry  small  a m o u n t s  of  
o rganic  con taminan ts .  Materials  such  
as p i p e  sealant,  c leaners ,  and  solvents  
can  and do  a l ter  the  wa te r - separa t ion  
charac ter i s t ics  o f  virgin oil. 

Positive water-separtion equip- 
ment is required 

The so lu t ion  is no t  to  bu i ld  larger  
reservoi rs  and  h o p e  that  mos t  o f  the  
w a t e r  wi l l  separate .  Rather, a mill  
should  install  wa te r - separa t ion  de- 
v ices  that  are effect ive regardless  o f  
the  emuls ions  that  are formed.  

Decide cleanliness levels first 
In deve lop ing  the  p r o p e r  dev ice  for  
these  reservoirs ,  one  mus t  d e c i d e  
h o w  d ry  the  oil n e e d s  to  be.  F i g u r e  
3 s h o w s  the  resul ts  of  a tes t  run  b y  
SKF Bearings.  The  bea r ing  manufac-  
tu re r  e x p e c t s  its bear ings  to  ope ra t e  
u n d e r  loaded  cond i t ions  o r  for a 
spec i f ied  t ime  w i t h o u t  failure; this  is 
cal led the  B10 or  L10 life of  the  bear-  
ing. It is the  ope ra t ing  t ime usual ly 
r e p o r t e d  in mi l l ions  of  revo lu t ions  o r  
hou r s  before  10% of  a g roup  of  bear-  
ings fail. To opera te ,  the  bea t i ng  mus t  
be  lub r i ca t ed  w i t h  a k n o w n  oil o f  
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2. Typical dryer and piping schematic~Mill B 

spec i f ied  cleanliness.  
SKF ran the  test  us ing lubr ica t ion  

d o p e d  w i t h  k n o w n  a m o u n t s  o f  
water.  The  results  s h o w e d  that,  to  
reach  the  p u b l i s h e d  BIO life, the  
bea r ing  mus t  be  lub r i ca t ed  w i t h  oil 
c o n t a i n i n g  on ly  100 p p m  water .  
Not ice  that  this  is a quick  oppor tu -  
ni ty  to  cou r t  bea r ing  disaster.  At 
w a t e r  concen t r a t ions  of  only  500 
p p m ,  the  bear ing  life is r e d u c e d  by  
half. Similar i m p r o v e m e n t s  can  be  
a rgued  for increas ing  bea r ing  life b y  
us ing  ve ry  d r y  oil. Reduc ing  the  
w a t e r  c o n t e n t  to 25 p p m  increases  
the  life 2.5 t imes.  

Similar tests  p rov ide  ins ight  in to  
w h y  w a t e r  causes  bea r ing  failure. 
T a b l e  I s h o w s  the  effect  of  w a t e r  in 
oil  w h e n  ca ta lyzed b y  c o p p e r  o r  
iron. It po in t s  to the  reasons  w h y  
c o p p e r  should  be  min imized  in oil 
sys tems and s u p p o r t s  some  reasons  
to use  stainless steel  p ip ing  ins tead  
of  i ron  p ip ing  and  tanks.  It does  no t  
quant i fy  the  exac t  amoun t  of  w a t e r  
o r  concen t ra t ion ,  bu t  it po in t s  ou t  
that  w a t e r  in c o m b i n a t i o n  w i t h  i ron  
and c o p p e r  is de t r imen ta l  to  the  life 
o f  the  oil. 

Similar ar t ic les  and  s tudies  s h o w  
that  w a t e r  is de t r imen ta l  to  oil per-  
fo rmance .  However ,  only  the  SKF 
p a p e r  a d d r e s s e s  t h e  r e l a t i o n s h i p  
b e t w e e n  life of  bear ings  and w a t e r  

3. Effect of water on bearing life 

I. Effect of water on the oxidation of oil 

concen t ra t ion .  From these  ar t ic les  
and  us ing c o m m o n  sense,  it s eems  
logical  to assume that  d r ie r  oil is bet-  
ter. If e q u i p m e n t  is e x p e c t e d  to  
r emove  water ,  it shou ld  d ry  oil to less 
than  100 p p m  of  res idual  water .  One  

t echn ique  used  to r emove  w a t e r  and  
air is v a c u u m  disti l lation. F rom expe-  
r ience ,  w e  have found  that  vacuum 
dehydra t ion ,  as a w a t e r  remova l  tech-  
nique,  can  easily main ta in  oil  at or  
b e l o w  100 p p m  water .  We the re fo re  
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5. Vapor pressure curve for water 

4. Cutaway of typical vacuum distillation system 

have selected vacuum distil lation as 
the  t e c h n o l o g y  to r emove  wa te r  
f rom pape r  mach ine  oils and  to 
break or e l iminate  any emuls ions  
formed. 

Vacuum distillation 
F i g u r e  4 shows the major  pr inc ip le  
b e h i n d  v a c u u m  drying.  If oil is 
al lowed to en te r  a v a c u u m  chamber,  
the water  will  e i ther  evaporate or 
boll  from the oil. The vapor  pressure 
curve for water  shown  in  Fig. 5 indi- 

cates the effect of t empera ture  on  
water  removal  f rom oil. Water will 
evaporate f rom oil if the tempera-  

ture /pressure  combina t ion  is be low  
the vapor  pressure  curve. If the 
c o m b i n a t i o n  of t e m p e r a t u r e  and  
pressure is above the line, the water  
is dis t i l led f rom the  oil. Water  
removal  rate is m u c h  greater if the 
dis t i l la t ion range  is r eached  and  
maintained.  To main ta in  the vacuum,  
a v a c u u m  p u m p  must  remove the 
water  as it is generated.  F i g u r e  6 
shows the typical p ip ing  arrange- 
m e n t  used to accompl ish  this func- 
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tion. 

If a vacuum p u m p  alone were  
used to per form this water  removal,  
the rate of removal  wou ld  be strictly 
a func t ion  of the v a c u u m  p u m p  size. 
The t e rm used is p u m p i n g  speed, 

which  is measured  in  liters pe r  sec- 
ond  (cubic  feet per  min).  However,  
the wa te r - r emova l  rate of a vacuum 
dryer  can be  significantly increased 

by  using a vapor  condense r  in the 
p ip ing  before the vacuum pump .  

The con de nse r  can reduce  the 
v o l u m e  of vapor  that  a v a c u u m  
p u m p  must  move  by  conver t ing  it to 
a liquid. Most systems use an air- or 
water-cooled condenser .  F i g u r e  7 
shows a un ique  arrangement ,  w he r e  
the condens e r  is an integral par t  of  
the vacuum chamber.  This reduces  
the size of the purif ier  and increases 
its overall efficiency. Not  only  is 
water  vapor  c onde nse d  by  the cool- 
ing coils, bu t  the jacket of the vac- 
u u m  chamber  is in contac t  wi th  
vapor. This increases the surface area 
of the condenser ,  bu t  more  impor-  

tantly, it creates an i nne r  c ha mbe r  for 
the water  to collect  and  be removed.  

Otherwise,  the water  w ou l d  be free 
to condense  and  fall back into the oil 
sump. 

The fmal dryness  level is a func- 
t ion  of the t ime at a given pressure.  
The dryness  of oil mus t  eventual ly 
be in  equi l ib r ium wi th  the mois ture  

in  the v a c u u m  space above the oil. If 
the  v a c u u m  p u m p  c o n s t a n t l y  
removes  the moisture,  the oil will  
give up  the wa te r  to rebalance  the 

v a c u u m  e n v i r o n m e n t .  F i g u r e  8 
shows the effect of increas ing or 
decreasing the t empera ture  at vari- 
ous v a c u u m  levels and  the effect it 
has on  oil dryness.  The graph's  heavy 
line indicates that  a lO0-ppm dry- 
ness  level can be achieved if the oil 
is distilled at 71°C (160°F) and  26 in. 
Hg. 

Water contamination cont ro l  is 
the key to downsizing oil 
reservoirs 

Figure 4 is a cutaway view of a com- 
plete  v a c u u m  distil lation system. In  
addi t ion to the ma in  pumps ,  there  
are o ther  devices c o m m o n  to many  
different v a c u u m  dryers to cont ro l  
f low rates and  oil temperature .  The 
mode l  s h o w n  can remove about  3 
gal of  wa te r  pe r  hour .Water - removal  
rates in  this range have b e e n  used  
successfully on  reservoirs con ta in ing  
more  than  4500 gal of oil. The signif- 
icance of this water- removing capac- 
ity is that it allows the eng inee r  to 
reduce  the oil reservoir  size. The 
pulp  and  pape r  indus t ry  can design 



6. Piping schematic of a typical vacuum distillation system used to remove water and air from lube oils 

and use these  dis t i l la t ion sys tems on  
small  reservoirs  w h e r e  h igh  oil f l ow 
rate to  the  bear ings  is required .  Sev- 
eral units  are in serv ice  t h r o u g h o u t  
the  Uni ted  States w h e r e  space  and 
w a t e r  con tamina t ion  is a p rob lem.  

Mi l l  A's installation is typical o f  
a space problem being solved 

F i g u r e  9 is a genera l  a r r angemen t  of  
the  lube  oil e q u i p m e n t  at an installa- 
t ion  in Mill A's plant .  As d iscussed  
earlier, the  mill  u n d e r w e n t  a signifi- 
can t  r ebu i ld  and expans ion .  The  mill  
was  severe ly  l imi ted  in f loor  space  
and access  to the  b a s e m e n t  area, 
w h e r e  the  lubr ica t ion  sys tem cou ld  
be  installed.  If the  classical  th ink ing  
of  p rov id ing  oil reservoirs  o f  3 0 - 6 0  
t imes  the  f l ow  rate we re  used,  the  
instal la t ion w o u l d  no t  be  economi-  
cal. However ,  a reservoi r  was  con- 
s t ruc t ed  w i t h  the  capac i ty  of  only  a 
15-min res idence  t ime,  bu t  a vacuum 
d rye r  was  instal led using the  distilla- 
t i on  p r o c e s s  d e s c r i b e d  p lus  o n e  
o the r  feature.  

Vapor extraction is n o w  a n  addi- 
tion to v a c u u m  distillation 

The addi t ional  feature  was  to incor-  
po ra t e  a v a p o r  and mist  ex t r ac to r  in 
the  f r eeboa rd  area of  an oil reservoir.  

7. Cutaway of the D y n a - D r y  vacuum distillation chamber with integral condensing sec- 
tion 

A pur i f ie r  was  m o u n t e d  on  the  t o p  
of  the  oil reservoir,  and  a 152-mm (6- 
in.) p o r t  was  a l igned to the  inlet  of  a 
demis t ing  filter system. On  top  of  
the  fi l ter was  an exhaus t  blower .  The  
b l o w e r  is used  to pul l  air, oil, and  
w a t e r  vapor  f rom the  f r eeboa rd  area  

of  the  reservoir.  As these  vapors  are 
pu l l ed  t h rough  the  demis t ing  ele- 
ment ,  the  w a t e r  and  oil  coa lesce  in to  
drople ts .  The  w a t e r  and  oil  wi l l  t h e n  
set t le  to  the  sump  of  the  demis t ing  
vessel ,  and  the  air  is e x h a u s t e d  
t h r o u g h  the  b l o w e r  fan. Oi l  and  
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water  are diverted to the vacuum 
chamber,  where  the water  is distilled 

from the oil. F i g u r e  10 shows the 
vapor  extractor  m o u n t e d  in  conjunc-  
t ion wi th  a vacuum distillation sys- 

tem. 
Residual water contamination is 
below I00  ppm 

This combina t ion  of vapor  extrac- 
tion, vacuum distillation, and  air or  

gas removal  has resul ted in  a signifi- 8. Effect o f  temperature and pressure o n  oil dryness 

9. General arrangement of the 190-L/min (50-gal/min) lubrication system complete with the vacuum distillation system and vapor 
extractor. This package contains particulate filtration to 6-/sm Beta20 ~ with temperature control and regulation. Oil retention time 
in the reservoir is 15 min. The oil quality is maintained at or below I00 ppmwt residual water. 

cantly improved  oil lubr ica t ion  sys- 
tem, wi th  mois ture  levels be low 100 
ppm.  Mills A and B were  able to 
install an effective filtration and  lubri- 
cat ion system for their  expansion.  
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This was done  wi thou t  the cost and  
f loor  space p r e m i u m  of conven-  
tional or the classical large, ineffec- 
tive oil reservoirs. 

This new technique is n o w  in use 
in several mills 

This idea has n o w  b e e n  appl ied to 
o ther  installations in Texas, Wiscon- 
sin, Kentucky, Minnesota,  and Mon- 



tana. We are con t inu ing  to  m o n i t o r  
t h e s e  i n s t a l l a t i ons  and  h o p e  to  
r e p o r t  in a fu ture  p a p e r  the  long- 
t e r m  ef fec t iveness  of  small  reser-  
voirs  and  t ruly effect ive v a c u u m  dis- 
tiUation dryers .  T|  
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I0. Vapor extractor used to remove water and air from the freeboard area in the lube 
oil reservoir 
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