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I’RE CTSION cAsTrNc OF BLADES : W I T H  NO RESIDUAL WORK

H sin  Mm Jon

Nowadays • the t rend in  pr oduc I ng the  t urh Inc blades  of a j e t  ong Inc

is to r ep i a t -c  f o r g i n g  by cast  ing.  The rap id  progress in pr oc is Ion eas t  lu g

of recent years  has made the  t ratis i t  Ion from component cas t  I ng w i t h  some

residua l m a c h i n i n g  t o  proc si  on cas t  tug  w it h  no res [du al mach ine  work

The new technique has tia ’ advantages  of s impL er  p roduct  ion i n s ta l l  at  ion ,

reduced r e f i n i n g  lab , shorter produc t ion period and raw mat on a I conso rvat I on.

t a 1 so a l low s  the ’ product ion of p a r t s  having comp lox St r u c t u re  and

d 1 f f  E cu I t shape w h i c h  are not easy to make with other methods .

A modern av [at I on et eng ine  has hundreds  or even thousands  o

b l ad e s .  They are f a n  b lades , compressor b l a d e s , gu (dance b lades  an d

t u rb i ne  b l : i d e s .  W i t h  th e  enormous number of blades on each engine ,

ima g I no the  amount  of machine work of an eng ine fa c  to ry  Fo r g in g  not  on l v

req u Er os  extensive equi pment , hut  t he  forged hod V ~ t I I 1 needs m a cb i n  I ng

A c c o r d in g  to s tat  1st li-s . the m a c h i n i n g  of b l ad e s  aecoonts  f or  60—70 . of

the ’ to ta I ma c h i n e work of the eng ine f a c t  orv and the  ut  i i i  za t ion r a te  c i

m a t e r i a l  Is only  10— 20Z. The produc t Ion cost of t he  eng in e ’ is d r i V en  up

with 8O~ of the expensive m a t e r i a l  e n d i n g  up as se r aps .  There t o r e , people

k&v. a lways  at t empted  to make b lades  h~’ p r e c i s i on  c a st i n g . The f i r s t  ca stod

blades are gia Idan ce  b lades  ( s t at  Jr blades)  and la ter  on t u r b i n e  and

compressor h l a s ’es ( d y nam i c  b lades)  ar e ’ cast ed as w e l l

H i g h  t empera tu re  a t  t oy s  are requi red  In  m a k i n g  the guidance and

t ur b i n e  h i  t i d es  because’ t h e y  arc  s i t  nat  ~i1 in h i g h  amb len t  t empera ture  and

work under harsh  c o n d i t i o n s . In  t h e  ea r l y  St tage ~ , a snia t 1 amount  of

L~ ~~ 1!~ ~ -;
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machin ing of the casted blades was s t i l l  necessary due to insuf f ic ien t

accuracy.  U n f o r t u n a t e l y ,  the casted heat resistent alloy is very hard

and d i f f icult  to machine . Grinding or electrochemical processes are

t ime co nsum ing and , as a result , the production cost was still relatively

high. Great strides have been made in recent years in reducing the amount

of residual machining to the extent of almost nonexistence.

Wha t is Precision Cast ing ?

The term precision cas t in g is used in contrast  to the ordinary

casting p rocedure . Ordinaly  casting, as most people know , involves pou r in g

the molten metal into a prefabr ica ted  mold and the desired parts  are

obtai ned upon sol idif icat ion of the metal .  The pat tern used in casting

is usually made of wood or metal .  The pattern is placed in the f lask

which is then f i l led with sand to form the mo ld , hence th e term sand

casting. Molten metal is poured into the mold.  This method of casting

is d i f f e r e n t  in precision from the investment cas ting which is used in

making comp lex and hi gh—p recision parts .  In addit ion to the ancient

lost—patte rn casting, the precision casting catagory also encompasses

pressure or squeeze cast ing,  metal pattern casting and shell casting .

The curr en t method of precision castin g wit h no residual machi ne work

often employs the lost—pattern casting ( investment casting) which is the

main top ic of this article.

The technique of investment casting is used in the manufac tur ing  of

high precision parts and its principle was known in ancient China . In the

Shang dynasty (1766—122 B . C . ) ,  the labor people of our country knew how

to make very exquisite bronze vessels wi th  a ra ther  pr imit ive method of

los t—pat tern  casting . Although the modern investment cas t ing has gone
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t hrough substant  ial  e v o l u t i o n , its basic principle remaIns similar.

Dep i ct e d  In F i g .  1 is the process of toda y ’ s ce r amic she l l  investment

cast ing.  Fi rst , wax is placed in a mold and pressed in t o  a wax p a t t e r n

which  Is a r e p l i c a  of th e  par t  to be made. Many wax pa t t e rns  are soldered

Ont o the p o u r I n g  s v s t er :  to f o r m  t in a s sembly .  The a s sembly  is then d ipped

in s lu r ry , w h i c h  i s  a m I x t u r e  of r e f r a c t o ry  powder and h inder , to f o r m

a t h i n  layer  ci  ec.i i r ig. Coars e g r a i n s  otT r e f r a c t or y  are sprayed on i t

he fore the co.l t ing is d ry .  The assemh 1 v Is then l e f t  to a i r  dry  and set

or it can he hardened hv chem ical means. The procedures of s lurry  coa t ing ,
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Fi g. 1. The ceramic t 1 ’ t e ~rn precision casting process : 1. I nj e c t I n g  wax ;

2. wax pa t t e rn ; 3. pat tern assembly; 4.  dI ppi n g in r e f ra ct o r~’
s l u r r y ;  ~‘. f i l l  w i th  mold m a t e r i a l  and v ib r a t e ;  6. mel t  out the
wax pa t t e rn ; 7. baking ; 8. mel t ing  the m e t a l ;  ~~ g r a v i t y  pou r ing
in vacuum; 10. h ammering;  11 . sand b la st  ing ; 12. cut t  tng;
11. end product  pa r t s .

- L  ~~
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Fig. I Pa t t e rn assembly a f t e r  baking

re f rac to ry  spr inkle  and set t ing a rc  repeated f i v e  to ten t imes u n t i l  a

shell of 4—12 mm th i ckness  has formed on the sur face  of the pa t t e rn

assembly. It  Is then heated so that  the wax p at t e r n  mel ts  and f lows  cut .

( Investment cas t ing  is a lso  known as lost—wax c a s tin g .)  The she l l  l e f t

behi nd Is ba ked at hi gh tempe ra tu re  and it  is the mold  in pour ing  the

casting (See Fig. 3).

Advantages  of Inve stment_ CasI~~~~

In vestment cas t ing  Is gene ra l ly  used in producing par t s  of complex

st ructures such as the t u r b i n e  and guidance  blades ci a j e t  engine . The

bod y of these blades is essent t a l l y  an oar or v a r i a b l e  cross sect tona l

area  and complex sur face  pa t t e rn .  The hol low blades of a modern let

eng ine tu rbine have the add i t iona l complex i ty  of the  coo l ing  channel

at the center.  Investmen t cas t ing is p r a c t i c a l ly  the only way in pro-

ducing such hollow blade s. The second advantage of investment casting is

Its suitability for casting alloys of high  s t reng th , d u c t i l i ty , and

hardness. Turbine and gu idance blades are ’ made of precisely these alloys.

Of particular interest is the technique of vacuum m e l t i n g  and cas t ing .

Casting under vacuum gives blades of good me ta l lu rg ica l  qual i t~’ and

consistent charac te r i s t i cs .  T h i r d l y ,  the  su r f a c e  smoothness and dimension

accuracy of investmen t casting products can he improved s u b s t a n t i a l ly  w i t h
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prec.n , t I oiis in t he ’ eng i ne e r  lug  :inel ( l i e  opt ’ r:i t I on .  l’:i r t s r ee lt i  I r I n~’.

no i. ’s I t l i i . t  I m a c l i t  iii ug arc sonic t t ines .iclt I evah 1 e . F i n a l  I v , i nve’st flieti t

c ist I ng Is most e’ccnom I ca t  in  the  mass p rcd t i c  t ion of h i  t ides. 1 t requ I rc ’s

h ’  I c_ i  st •imount  ot equ I pnh e’nt and raw m a t e ’ c i  a I anti has t lie shor t  es t  pr e t d u c  f ott

~‘‘  
r l cd. \s  sliowi i l u  1’! c~ . .‘ , t h e  I n v e s t m en t  cast  lug process red u ce ’s t lie ’

Os t 01 pr In c  L ila I n i t  cc ( : u i  and t he  ewe r~i I 1 p r e l duc  (cii cost of t l it ’ h i  •ieles

I1V :tbotit 4 l . . i t: c~ ~rip. i r( ’eI ~ forg eel  h i  ad c’s of s i in I l  a r met a t i n  rg l ea  I

compels i t  b it . Ih’ t ’:iti ~~e ’ 0 I t lit ’ s t a t  eel a d v a n tag e s , i n v e st m e n t  cast  lu g  is

w I eli ’ 1 V e’mpl ove’d in  produc ti i~ ttu rh t n t ’ ant i  gut I dan ce ’ h i  aetes .

— 
~~~~

~~1L~ 1L-~ I1~ I
F t  c~ . .‘ Econoin I c a l  e f f e c t s  ( ‘~~) of t 1re~c i s i  on c;l st I u ig l i i  t lie ’ p roduc t  to n  of

t ur h  tn ~ h i  tid es (be for t ’ f i n  ( s i t i n g )  . The’ ~dto I t ’  r~’c t a t ig i  es r epr esent
t h e ’ costs  when b l ades  are  t~roduce ’d by f o r g in g ,  s l tade ’d .irt ’:ts
1e’ preseilt  co st s  In I ht ’ prec 1st  on cast  I ii~~’. m eth od .

I — — p r  Inc ( p a l  m a t e r I a l  ; 2 — — equt  I pnte ’n I e le ’pre ’c ( a t  Ion ; I—— Inst .ili a t  Ion
cos t ; 4 — — n ~t t i u i  fat’ ( t i r i n g  cost ol pr otiuic  t

i~ lacies of N~t l~ ’s I dti~i l  Work

( li i i ’ ci I i t t ’ ele’ve I opnie’n t LI I ree’ t I elliS In  i~rt’c 1St Ott c .ts I I ii~~ I Od~t V  i s  t o

•t t ’ it I i’ve’ n o — r e s t  d n a  I —wti rk h i  ade’s • t hat  Is , t lie’ hot ly pot’ t i e ’ i t  t i t  t he ’ ca s t  t ’d

h i it ch ’s r equt  1 res no more macit (ii in g  I ban m I n o r  pci I sit I ii~ ci hui  I I I t i g  . fite

re’seareli m d  deve I opme ’n t ot read v— I c—use h I  ache c i  st tu g  is  s i g n  i t  I can t
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due to the ftl l low i ng re’asems. Without post — e a s t  m a c h i n i n g ,  t h e ’  u s e f u l

l i f t ’ of a blade Is extended s i n c e ’ the f tue  g r a i n  c ry s t a l  l i n e  l ay er  elf the

su r f a ce ’ will not he damaged . S~ e’ond Iv , since t h e  manhours spent on mach in ing

of the  b lade  body accoun t fo r  60 to 8 S T  of the to ta l  machine work ,

blades r e q u i r i n g  no add I t tona l mach t n t  rig repre sent an enormous szuv lug of t lie ’

manhours on m a c h i n i n g  and an incr ease  in pro duct ion  r a t e .  F u r t h e r m o r e ,

h i gh tempe ra tu re  a t  bovs genera l i v  have’ very  It igh s t r e n g t h  and hardness and

hence are d t f f  [cii i t to macit Inc . Ne ’ r es idua l work t her e ’fore means great

savings on l a rge  amounts of e’xpcns Iv& ’ too l lug  and a reetue ’eel cos t  of

produc t Ion.

A tu rb ine  b l a d e  consis ts  of  t h e ’ bod y ,  the  ar row head tinel , some t lines ,

the crown . (See F i g .  4) The term “no res idua l work” In  prec i sb n cast  lu g

r e f e r s  to the  body only . The arrow head of the  bl ade ’  engages w i t h  the

wh et ’1 d i s k  and requires a tolerance of + 0.01 — 0.02 mm wh ich  is s t i l l  be ’vond

today ’ s technology of p rec i s ion  cas t ing .

F 1g. 4 Tn rh Inc hi  ,‘ide : 1 . bod y ; ~ • arrow lie’t iel ; I . crown .
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How to A c h i e v e  N o-R es idua l -Work Prec i s ion  Cast

Stringent requirements are pla ced on the d imension accuracy , the

surface  smoothness and the m e t a l l u r g i ca l  q u a l i t y  in a ch iev ing  the no

residua l work condi tion. The smoothness of t h e’ su r face  sho u ld no t he

lower than 7 7 , and the metallurgical q u a l i t y  of the cast , espec i a l ly

the surface , must be outstanding. Ba s ic a ll y , t h e  ca st ing te ch n i q u e  for

no residua l work blades is no d i f f e r e n t  t rom t h a t  of o r d i n ar y  investment

cas t ing. The hi gh quality product s are made p o s s i b l e  th rough  r igorous

control and improvement of the equ ipment , t he raw ma te r ial  and t he en t ire

operationa l procedure. Lis ted below are the ma jor points of con sideration

in precision cas ting of blades.

1. Precisi on mold . The mold used in precisi on casting of blanes

should mee t the following requirements: surface dimension accurate to

wi thin ± 0.02 mm and surface smoothness no less than 79. In the design

of the precision mold , therma l con t rac t ion and shape de fo rmat ion should

he taken into account and compensated for in every stage of the accuratel y

con trolled operation .

2. Precision wax pa ttern : Dimension accuracy and stability and

surface smoothness are also the requirements of the wax pattern . Th e’

mold ma terial should possess properties like high resistance to heat and

small coefficien t of contraction . Some solid powder filler such as

graphi te or polyphenylethylene can be added to the mold material for

the purpose of reducing the contraction. If the thickness of the machine

par t Is large , a piece of cold wax can he placed In the pattern with a

1—2 twit gap between the two , and molten wax is then pressed into the gap.

The contrac tion of wax upon solidification can he avoided by using powders 

- - --- --~~~~ -- - -~~~~~~ . 5
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of wax in the pattern and squeezing the powder to form the mold . The

pattern production is best carried out on a~~ydx’auj i.al_.jy transmitted

automatic injection machine. Such a machine offers close control of the

temperatures of the injected wax and the mold , and has adequate injection

pressure and speed. The temperature of the pattern making room should he

kept between 20 and 25° C.

3. Precision ceramic shell pattern : A ceramic shell pattern

ef high precision is essential in obtaining quality casting products.

It should have smooth surfaces , stahie thermal expansion characteristics ,

tolerable warping at high temperatures and adequate strength and porosity. - -

Zircon and colloidal silica gel are commonly used surface layer coating

material. Refractory such as kaolinite and silicate are used as the

reinforcemen t layer coating. Opaque quartz glass, with  a thermal expansion

coefficient only 1/20 of that of ordinary quartz , has also been used as

shell pattern material. In casting turbine blades , a certain amount of

cobalt oxide is usually added to the surface coating for the control of the

crystalline grain size of nickel based alloy cast. After the wax pattern

is coated and dressed , it is heated in pressurized (4—6 atm.) steam to

melt out the wax. The shell pattern , after “lost wax,” is then baked

under a temperature of about 10000 C to acquire some degree of strength

and thermal stability.

4. Blade casting: High quality alloys are used in casting blades

which require no residual work. Demand ing requirements are placed on

the composition , characteristics, and metallurgical quality (e.g. oxide

impurity and gas content) of these alloys. The nickel based alloys generally

used in this type of casting are formed under vacuum melting. Precision

blades are cast in a vacuum furnace and the temperature , pressure and the
‘4



-5—-- - —------ —~~~~~-— —~— - —----—-5------ -- —-5----— — _ _ _

9

qua I i t  v of  t he e’ruc lb It’ are a l l  und er  e’ lost ’ cont  r o t  e ’  av o i d  cix ide

imp ur  i t  I t’s In t lie Pre’e’ Is i ou  ~‘as t p ar t s .  I Ica l i v  :i cont  I nuou s ~lilc ra t I on

vae’uum ine’ It i rig :tflel ea s t  lu g f u r n a c e  slion l e t  he used

5 .  T r e a t m e n t  e’f cast parts : Thi is  is  in Impor t  tnt step in assut- I rig

tile ’ S I t  r t  ac’ c q u a l i t y  of t lie’ product . A f t e r  t h e ’ part i s ~‘as t • damage’ shion Id

he avo 1 ded in c lean i ng and c u t t in g .  B I aeles elf lie 1 r e s i d u a l maci t  h i t ’ work

5Ire’ sane! h i  as tCe! W i  th  a ! urn In tUi t  OX i d e ’ f I ncr t h an  100 , I i  quit1 sand hi 1st

~~~~ p r e f e r ab l e ’. l ’hie ’ s u r fa c e  sit t n t  ness can he further improved liv h u f  f l ug .

I f  heat  t r e a t m e n t  is needed , I t  shoeu let he ’ car  r ice1 oct t nu de  1’ an ox~ gen

t r e e  e n v i r o n m e n t .

Pr e~’ is  ion m a c h i n i n g : l’r ce ’ is ton c.ts t l u g  01 lit ’ i ’ s  id e ta  I wor k

b lades  rev e’ r se’S tile’ usua l Pr ocedure  of macli in  lu g  t h e ’  tr ro~’ h ead and the

aux I l l  I a rv base f l i -s t  and the ii lztde ’ bod~’ n ext  . i t ’ enSure  tile’ ;tc cu r a t e ’

a I I gnmen t of t lie’ h i  ~el e’ hod v and t lie’ at -row h ead . t he hod V shot i I ci b~’ macli I fle’el

first and the  ar row head is then  a l i gned and m a chi  m e d  . The prec is ton

cast lug of blades  minim t ;~ ’e1 t h e ’ amount  of  uae ’ li i n i n g  r e q u ir e ” el c1ii t h e ’ h l l a d e ’

hot ly .  :\ box type  clamp i s usna I I  v used in  the  ma chi In  tug  of t h e ’ ar row

head with the body as t h e ’ al lghmetit reference. (See’ Fig. 5) The b l a d e ’

is first p o s i t  iofle’(1 on a s u r f a c e— p a t t e r n — b o a r d , its lug the two end tae ’cs

c~i
Fig. S Box type’ clamp

Orte’ntat ion hoard ( fixed) .~~. b l a d e ; . set bo ar d

_ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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as reference. Low melting point alloy (Wood ’s alloy) is poured into the

box clamp and the arrow head is then machined. The low melting point

alloy is melted out by steam after the machining is finished.

In addition to the considerations discussed above , accurate measuring

iastruaeate and methods are also essential in the engineering technique

of precision cast ing of blades. Precision measurements are indispensable

in the mold making , wax pa t t e rn  inspection and the f ina l stage of product

evaluation.

Figu res by Wen Chen Chen 
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