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g lobal dem and. At  t he sam e t im e, expec tat ions 

around  qualit y, re liab ilit y, and  safet y have never 

been higher.

Machine design has advanced  signif icant ly, but  

t hese dem ands p lace inc reasing  p ressure on 

hydraulic  system s. In p rac t ice, t he per form ance 

of  t he hydraulic  f luid  it self  has becom e a 

def ining  fac tor in w hether operat ions run 

sm oothly or st rugg le w ith variab ilit y. 

Why Hydraulic Fluid Performance Matters
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Every d ie cast ing  cyc le is a t ight ly cont ro lled  

sequence: c lam p ing  the m old , injec t ing  m olten 

m etal, app lying  intensif icat ion p ressure, and  

ejec t ing  the f inished  par t . For consistent  

p roduc t ion, each step  m ust  occur at  p rec isely 

t he r ight  force, speed , and  t im ing . Even sm all 

variat ions can result  in defec t s such as porosit y, 

d im ensional inaccurac ies, or inconsistent  

sur face f inish. 

Execut ive Summary
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
The high- p ressure d ie cast ing  (HPDC) indust ry is 

evolving  at  an unprecedented  pace. As 

com ponent s g row  larger and  m ore com plex, 

and  as g iga cast ing  reshapes autom ot ive 

m anufac turing , equipm ent  is being  pushed  

harder t han ever before.

Am id  these advances, one c rit ical fac tor is of ten 

underest im ated : hydraulic  f luid . No longer just  a 

safet y requirem ent , m odern f ire- resistant  

hydraulic  f luids p lay a cent ral ro le in p rocess 

cont ro l, equipm ent  re liab ilit y, and  overall 

operat ional ef f ic iency.

This paper exp lores how  selec t ing  and  

m anag ing  the r ight  hydraulic  f luid  ?  par t icularly 

HFC (w ater g lycol)  and  HFDu (synthet ic  ester)  

technolog ies ?  can d irec t ly inf luence par t  

qualit y, overall equipm ent  ef fec t iveness (OEE), 

and  total cost  of  ow nership  (TCO).

Industry Evolut ion and Emerging Pressures
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Die cast ing  has m oved  w ell beyond  p roduc ing  

sm all housings and  b racket s. Today, 

m anufac turers are c reat ing  large, st ruc turally 

c r it ical com ponent s, espec ially in t he 

autom ot ive sec tor w here light  w eight ing  

and  g iga cast ing  are t ransform ing  design 

and  p roduc t ion.

This shif t  b r ings a com binat ion of  challenges. 

Com ponent s are larger and  m ore geom et rically 

com plex. Operat ing  p ressures cont inue to r ise, 

w hile cyc le t im es are shrinking  in response to 
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Every die cast ing cycle depends on a sequence of 
hydraulic act ions that must occur at precisely the right 
force, speed, and t iming to avoid defects.
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Fire Resistance: 
More Than a Safety Requirement
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Fire r isk is inherent  in d ie cast ing . Molten m etal, 

high tem peratures, and  p ressurized  system s 

c reate cond it ions w here even a sm all leak can 

quickly escalate.

Fire- resistant  f luids are essent ial for p rotec t ing  

operators and  equipm ent , but  t heir ro le goes 

fur ther t han that . They also suppor t  operat ional 

stab ilit y by reduc ing  the r isk of  inc ident s t hat  

interrupt  p roduc t ion.

In t hat  sense, f ire resistance is not  just  about  

com pliance. It  is about  m aintaining  conf idence 

in t he p rocess.

To m aintain cont ro l, t he hydraulic  f luid  has to 

per form  reliab ly under d if f icult  cond it ions. 

- Thermal and oxidat ive stability is a key 

considerat ion. In dem and ing  environm ent s, 

low er- qualit y f luids can degrade and  form  

deposit s such as varnish. These deposit s 

inter fere w ith valves and  ac tuators, m aking  it  

harder to m aintain consistent  cyc le t im ing .

- Lubricity p lays a quieter but  equally im por tant  

ro le. Without  it , system s can suf fer f rom  

uneven or jerky m ovem ent , and  com ponent s 

like pum ps and  valves w ear faster. Over t im e, 

t his af fec t s both per form ance and  

m aintenance requirem ent s. 

- Viscosity stability is fundam ental. A high 

viscosit y index helps t he f luid  behave 

consistent ly even as tem peratures r ise 

during  long  p roduc t ion runs, w hich in turn 

keeps p ressure and  f low  p red ic tab le.

- Air release is another c rit ical fac tor. When air 

becom es t rapped  in t he f luid , it  inc reases 

com pressib ilit y and  af fec t s t he p ressure 

p rof ile . That  can d isrupt  injec t ion and  

intensif icat ion, espec ially w hen p roduc ing  

large or t hin-w alled  par t s.

- Finally, t here is t he quest ion of  shear stability 

and cleanliness. Fluids need  to m aintain t heir 

charac terist ic s under p ressures that  can 

exceed  200  bar, w hile staying  c lean enough 

to p rotec t  sensit ive com ponent s and  ensure 

consistent  m achine response.
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Warning Signs Worth Invest igat ing
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Operators of ten see early signals before a failure 
occurs. Com m on ind icators inc lude:

- Slow er response during  injec t ion or 
intensif icat ion

- Inc reased  operat ing  tem peratures w ithout  
p rocess changes

- Pressure f luc tuat ions

- Visib le deposit s or darkening  of  t he f luid

- Jerky or uneven cylinder m ovem ent

Addressing  these early can help  avoid  larger 
per form ance issues later.
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HFDu (Synthet ic Ester Fluids)

HFDu f luids take a d if ferent  approach. These 

are w ater- f ree synthet ic  esters, designed  to 

com bine f ire resistance w ith t he per form ance 

charac terist ic s of  t rad it ional hydraulic  o il.

They of fer bet ter lub ric it y, w hich helps reduce 

w ear and  suppor t  sm oother operat ion. Their 

t herm al stab ilit y also allow s for longer f luid  

life and  m ore consistent  per form ance over 

t im e. In add it ion, t heir high f ire point  and  

self- ext inguishing  p roper t ies p rovide a 

st rong  safet y p rof ile  t hat  is of ten recognized  

by insurers.

For new er, high- per form ance equipm ent  ?  

par t icularly in g iga cast ing  ?  t hese advantages 

can m ake a not iceab le d if ference. While t he 

upf ront  cost  is higher, t he operat ional benef it s 

tend  to show  up  quickly in reduced  dow nt im e 

and  im proved  consistency.

Technology Choices: HFC vs. HFDu
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Choosing  a f ire- resistant  hydraulic  f luid  m eans 

balanc ing  safet y, per form ance, and  operat ional 

com plexit y. The tw o m ain technolog ies used  in 

d ie cast ing  are HFC and  HFDu.

HFC (Water Glycol Fluids)

HFC f luids rem ain t he m ost  w idely used  opt ion 

in high- p ressure d ie cast ing , par t icularly in 

Europe and  Nor th Am erica. Their high w ater 

content  p rovides st rong  f ire resistance, w hich 

is w hy they have been the default  choice for 

m any years.

That  sam e w ater content , how ever, requires 

careful m anagem ent . Concent rat ion levels 

need  to be m onitored  to m aintain lub ricat ion 

and  corrosion p rotec t ion. Without  t hat  

at tent ion, per form ance can dec line.

Even so, w ell- form ulated  HFC f luids can deliver 

re liab le per form ance, espec ially in o lder 

system s or in operat ions w here leakage 

is m ore likely.

Fire- resistant hydraulic f luid is essential in die cast ing, 
due to the high temperatures and molten metal.
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With trends for more complex geometries and larger 
parts, many die casters are turning to HFDu fluids to 
improve process stability and quality.
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Enhancing Overall Equipment Effect iveness
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Hydraulic  f luid  m anagem ent  has a d irec t  im pac t  

on overall equipm ent  ef fec t iveness (OEE). In 

m any cases, sm all im provem ent s in stab ilit y 

and  re liab ilit y t ranslate into m eaning ful gains 

in p roduc t ivit y.

Rout ine f luid  analysis is an im por tant  par t  of  t his. 

Monitoring  viscosit y, contam inat ion, and  f luid  

cond it ion helps operators spot  t rends early and  

ac t  before p rob lem s develop. As a general rule, 

HFC f luids are tested  m ore f requent ly t han HFDu 

f luids due to t heir w ater content .

Cleanliness is equally im por tant . Maintaining  

appropriate ISO c leanliness levels helps p rotec t  

c r it ical com ponent s and  ensures the system  

cont inues to respond  as expec ted .

Seal com pat ib ilit y is another fac tor t hat  tends to 

be overlooked . Ensuring  the f luid  w orks w ell 

w it h system  m aterials helps p revent  leakage 

and  im proves long- term  reliab ilit y.

What  m at ters m ost  is ac t ing  on the data. 

Whether it ?s ad just ing  concent rat ion or 

im proving  f ilt rat ion, t im ely intervent ion is w hat  

keeps system s per form ing  as intended .

Looking Beyond Cost: Total Cost of 
Ow nership
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Hydraulic  f luid  is of ten t reated  as a consum ab le, 

but  t hat  view  m isses the b igger p ic ture.

In realit y, f luid  choice af fec t s equipm ent  life, 

m aintenance needs, dow nt im e, and  p roduc t  

qualit y. A stab le, w ell- per form ing  f luid  reduces 

w ear, helps avoid  unp lanned  stoppages, and  

suppor t s consistent  output .

When these fac tors are taken into account , 

t he low est- cost  opt ion is not  alw ays the m ost  

econom ical. Fluids t hat  per form  bet ter over 

t im e can signif icant ly reduce total cost  of  

ow nership  ac ross the life of  t he equipm ent .

HFC or HFDu? A Pract ical Decision Guide
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
When review ing  your current  setup, a few  sim p le 
quest ions can help  guide f luid  selec t ion:

- Are you managing frequent leaks or operat ing older 
equipment? HFC m ay of fer a m ore forg iving  and  
cost- ef fec t ive solut ion

- Are you running high-value parts or large structural 
cast ings? HFDu can help  im prove consistency 
and  reduce w ear- re lated  variab ilit y

-  Is maintenance t ime or f luid monitoring a constraint? 
HFDu t yp ically requires less ongoing  intervent ion

- Are you looking to reduce long- term operat ing costs 
rather than upfront spend? HFDu f luids can deliver 
energy savings and  extend  pum p life t hrough 
bet ter w ear p rotec t ion.
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From Consumable to Competit ive Advantage
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
In m odern high- p ressure d ie cast ing , hydraulic  

f luid  is no longer just  an operat ional input . It  

p lays a d irec t  ro le in per form ance, safet y, and  

cost  cont ro l.

When the r ight  f luid  is selec ted  and  p roperly 

m aintained , it  suppor t s stab le p rocesses, 

consistent  par t  qualit y, and  re liab le equipm ent  

operat ion. It  also helps reduce r isk, both in term s 

of  safet y and  unp lanned  dow nt im e.

As the indust ry cont inues to m ove tow ard  larger 

cast ings and  t ighter to lerances, t he m arg in for 

error is shrinking . The operat ions that  per form  

best  w ill be t he ones that  t reat  hydraulic  f luid  

not  as a background  detail, but  as a deliberate 

and  st rateg ic  choice.

Quick Wins for Improving OEE
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
Im proving  overall equipm ent  ef fec t iveness of ten 
com es dow n to consistency.

- Review  f luid  analysis result s regularly, not  just  
w hen issues arise

- Ac t  early on contam inat ion t rends rather t han 
w ait ing  for t hreshold  lim it s

- Conf irm  seal com pat ib ilit y during  f luid  changes 
or system  upgrades

- Align f luid  m aintenance schedules w ith 
p roduc t ion cyc les to avoid  d isrupt ion

Even sm all im provem ent s in hydraulic  consistency 
can t ranslate into few er defec t s and  less 
dow nt im e.
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