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F ICURE 7 .9  
' f app inu  

l o l t ; uc  l uh r - i c i t y  t c s t  us i ng  a  p r cc l l i l l cd  i l l Lu ) ) i nun r  t c s t  ba r .

4. Tapping Torque Test

MLrch h ls  bccn wr i t t cn  in  recer r t  years  ubout  the  tapp ing  to rqL lc  tcs lo r . le  
r l  ' l ' l )e  

in tc rcs t  in  th is  tcs t  i r

c luc  to  t l rc  l i r c t  tha t  i t  i s  perhaps  the  on ly  bc t tch-sca lc  rnc ta l  cu t t ing  tcs t  ava i lab lc .  Tor .cprc  va lucs  urc
t t teasut ' cc l  i l s  l l  [a l )  cu ls  th reads  in lo  a  p lcd l i l l e r l  ho lc  in  a  rnc tu l  spcc in rcn .  w l r i ch  can bc  rnac le  o t
var ious  rnc t i r l s  (scc  F igu lc  7 . t ) ) .  Thc  avcnrgc  to rc luc  va luc  o l ' l i vc  runs  is  thcn  ca lc r - r la tc r l .  Tcs t  rcs r - r l t .
r tu ty  l - t c  cxprcsscd c i thc l  us  a  s in rp lc  to rc ;uc  l i r rcc  v l l lL rc  o r  as  a  pcrccn l  c l l i c i cncy .  thc  n r t io  o l  t l r i
ruvcrage t r l rcprc  va lue  o l 'a  rc f ' c rcncc  l lu id  to  tha l  o l  thc  tcs t  l lL r i t l .  Thc  s ln rc  tap  is  usec l  o r1  bo th  thu
re l ' c rencc  l lu i t l  and  thc  tcs t  l lu ic l .  L , .  DcChi l l l ' e  s lu tcs  tha t  t r r  cva lu l r t ion  o l ' sur t 'acc  l in ish  is  a ' . ,

] l
l leccssafv.

Tub lc  7 .4  l i s ts  tapp ing  to r r lue  e fhc icncy  va lucs  l i r r  l i ru r  o1 ' the  nrc lu lwork i r r r :  l l u ic ls  uscc l  r r
p r c v i o r - r s c o n r p a t i s o n s . ' f w o d i t i ' e r e n t c u t t i n g s p e c c l s w c r c u s c c l w i t h  l 2 l 5 s t e e l . n l  4 ( X ) r p t r t h c ( l u t . .
shows vcry  l i t t l c  cor rc la t ion  w i lh  in -p lan t  cxpcr i t 'ncc  o rw i th  la thc  tcs t  rcsu l l s .  Note  tha l  lhc  hcar r -
c lu ly  so lub lc  o i l  a r r t l  hc :avy-du ty  syn thc t ic  l rx rkec l  worse  lhan thc  n ror lc ra tc -c lu ty  sern isyn the t i r '
A t  l2 (X)  rpnr .  the  l igh t  du ty  syn the t ic .  r t todera tc -du1y  se l l r i syn t l )c t i c .  lnd  thc  hcuvy-c lu ty  so lub lc  o t ;
bchavc  l l ro re  o r  less  rs  cxpcc tc ( l :  bu t  thc  he lvy -c lu ty  syn the l i c  was  a  co tnp lc tc  I 'u i lu lc .  Th is  n l r r
inc l i ca le  th l t  the  lack  o l 'n rbh ing  lubr ic i t y  secn w i th  th is  p ro t lL rc t  on  thc  p in  a r rd  V- [ rk rck  tcs t  i s  an
i t t tpor tan t  l l c to r  in  thc  tapp ing  tcs t .  Thcse d l ta  unc le rscorc  thc  r recr l  l i r rcarc l i r l  sc lcc t ion  o l ' thc  tcs t
cond i t ions  in  o rdcr  1o  gcr lc r i l t c  rc l iab lc  conc lus ions .

TABTE 7.4
Tapping Torque Results Using 1215 Steel

Producl Type

I ic lc lcrrcc l l t r i t l  (9,1? rr rphlhenic o i l  l  ( r ' l  lar t l  o i l )

l {c : r l_v.  drr lv  solublc o i l  u ' i th c l r lor inc i rnd sul l i r r

Moderale-dulv scrr isynlhel ic

l lcuvy duty svrr thct i r '

L i gh t  du t y  syn lhc t i c

Di lut ion ( 'X,)

I  (X )

5

5

5

5

Pcrccnl

400 rpm

I  (X )

90.6

t 0 . r . 2 '

I  (X ) .  I

9 t . l

Eff icicncy

1 200 rpm

l ( x )
I  0 l  .5 "
9,+.6

l-ai lurc
9 1 . 6

Indicates lhc bcsl  valucs.  bcst  I r rbr ic i ty
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' t64 Meta lwork ing  F lu ic l :

. Cutting firrces and tool flank wear are measured.

. End point is 0.010-in. unifbrm flank wear.

Turning (Plunging)  -  s ingle point  tool .  p lunge cut :

L.Jncoatecl carbidc inscrts. grade K3 13.
AISI/SA E 43,10 stccl (24-26 HRC) bar with dirnensions 6-ft long and l-in. diamctcr.
150 SFPM (-574 rpm).
I ) lungc wic l th  o1 '0.  I  in .
Plungc ra lc  o l '  0 . (X) l  in . / revolut ion.
Tcst  lcngth ( r20 cyc les (p lungcs) .
C-'ult ing l irrcc uncl tool l lank wcar are nreasurccl.

Laborator- .

the l imi t i r
diameter' , '
lorces an.t

Figur.'
, 1 , . - o , l  ^

drawing  t ,

t h e  n r e t a l ; .

FigLrr. '

undcr  c t r r . .

t 'orces. Thi

t\ \ , lcc thc -

Thc l ' . ,

.hows th : r :

ntetal to i ' ,

used l i r r  : '

Dt'arr

i . lLltolI()t I ,. .

bead s i r r . .

th t ' t ' r t - tgh . ,

r . tL r r lber '  , , :

. \ l l  s t r ip .  :

Lrsecl l i rr  . .

F i g t u .

t h e  u h i l i t .

d ie  and rL  :
n r r l l i r r , '  r . '
t "  "  . _  |  _

f l i c t iona l  : -

I u b r i c u n t :

tes t  c le re  : ' . -

I iue h
t o l l t t  r  n  , '  r -  -' -  "  - :  I

proc luc t r , ' : '

p red ic t ( ) r '

n t ( )s l  c | r t : .

cons ic lc rc . :

D.  E r rc r

Meta lu  t , r . , . .

that tenri  .

adsorp l  i , , : :

N a e r h c i n .

q u a n t i l r  i r : .

ancl rneti .r .  .

cou ld  bc  r ,

V I .  O I L  F

Leak oi l  r-
The actua.

used as the

Srrr lucc Gr inding rnul t ip le cr- r t l ing points,  h igh speed:

.  32A60  IVBF I  whcc l .  l 2  i n .  x  I  i n .

. 6(XX) SF-PM

. n ISI /SAE 4lz l0 s tcc l  (32 and -56 HI tC hardncss)

.  Mcasurc cut t i r rg l i r rcc,  whcel  wear,  and calculatc G-rat io

C.  MrrRr DrronruRrroN TEsrs

'l ' l tcrc scctns lo bc sernclul i lgrLrcrncnt that rro singlc bcnch test wil l provide all the irrl irrrnalion
ncct lcc l  Io  cvuluutc u rncta l - l i r rn ing lubr icant .  ( ] .  Wal l , ' ta  K.  I )o l rda.  ancl  N.  Kawai .15 ancl  AST\ l
starrrl irr-cl placticc D4 173 havc all usetl al least l irur bcnch tcsls lo study lhc vlrious uspccts ul 'thc
rttetrrl l ir lnring l)roccss. l- ' igurc 7. | | i l lustlates six laboratory tcst rncthocls conrrnonly usccl.

F igulc  7.1 l (a)  is  the l la l  bol torn cup or  decp draw te st .  ln  th is  pnrccclurc a lubr ic l lcd rneta l  d isk
or  b lunk is  l i l rcet l  t l r rough a c i rcu lar  d ic  by a b lunt-nosed punch,  l i l r rn ing a cy l inc l r ica l  cup.  Thr '
I t t i tx i tnunr  c l rawin!  l i r r -cc drr r - ing thc tcst  can bc uscd i ts  i l  Incasure o l ' lubr ic i ty .  Another  nreasurc r \

(a)  f lat  bot tom cup test . -
( f )  Shcet  ga l l ing  tcs t

(d)  13al l /d isk t t  s t

(c )  f  la t / l la t  [ i ' i c t ion

s t r ip  d raw tes t

(b) I)ome stretch test

FICURE 7.11 Thc r lctal- l i rrnrirrg proccss scparated into six arcas ol intcrcst. (Sounc: F'rom Wall,  C.. Lubr
I l t t .q . .4 ( \ .  139.  19u4.  Wi th  pcrmiss ion . )
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1 5 6 Meta lwork ing  F lu ic is

Air that is quickly re.jected by the metalworking fluid can be prclpelled above the surface of the
fluid causing misting, ell-ervescence, or the "cola eft 'ect." This phenomenon is only encountered
with very low fbaming synthetics and can be sufficient to cause a fbg-like cloucl to develop near the
floor around return trenches or above the central coolant system.

Thc lirrmation of parficulates in the air is unavoidable during metalworking. Metal dust wil l
bc generated i l 'metals arc rnachined dry. Application of f luids during rnachining wil l reducc thr.
i tmount  o1 'nreta l  dus(  par l ic les,  but  the f lu ids themselves become aerosol ized.  This i .
unavoiduble.  but  i t  is  s igni l icant  that  the appl icat ion of  f lu ids dur ing rneta lwork ing can o l lcn
rcsul t  in  lower lcvc ls  o1 'par t icu late in  thc a i r  than when cr . r t l ing rneta l  dry l "  The nt is{ ing
ploperties ol'f luids rnay bc studied using various tcchniques, ancl it is irnpoftant to rcalize that thc
technic lue choscn can af l 'ect  the rn is t  s ize and the chcrr r ica l  conrposi l ion o l ' {hc r r is t . ' '  Onc sr- rch
stucly showccl that thc rnisting characteristics of f luids vary by fluid type. arrd that thc prcscncc o1
L-xtraneous oil lcaka-ec lhrm n'rachine colrponcnts wil l clrastically inclease the rnist lcvcls with
f lu ic ls  o l 'a l l  ty1 ' rcs. ' '  Other  s tudies have shown that  the addi t ion o l 'po lyrncrs can bc c l icct ivc l r
ruscd to rcc lucc rn is t ing. la ' ls

V. LUBRICITY

Thcrc is  a var iety  o l ' tcsts  l i r rcvaluat ing thc lubr icat ion propert ies o l ' rneta lwork ing t )u ids.  I iach h ls
i ts  own inhclcnt  advantugcs uncl  l i rn i ta t ions.  Lubr ic i ty  tests can bc hroacl ly  d iv ided into l l r rcc
groul ls .  Onc grorrp is  basccl  u1 ' run s imple rubbing or  ro l l ing act ion.  Arrother  groLr t r r  is  bascd upon
t t tc ta l  rernovul  o l  ch i l ' r -nurk inu pnrcesses. ' fhe l ina l  gnrup incr l rpora les l i r r r r r i r rc  or  c l rawing o l 'u
r t tc la l  s l tcct .  Owing to thc conrplex i ty  o l ' l ie lc l  condi t ions.  no s inglc  tcst  rnacl ' r inc can s inru la lc  thc
lubr icut ion requi lenrerr ts  l i r r  l l l  in-p lant  r rc ta lwork inu opelat ions.  Thal  is  why i t  is  so c l i l l icLr l t .  or
cverr inrpossiblc, to correlute bcnch lcst clata wilh actual perlirrnance. Tl'rclclirrc. scvcral cli11'erent
lLrbr ic i ty  tcsts  should be r - rsed tu evaluatc Inc la lwork ing l lLr ic ls .  A broad ovclv icw ol 'sonrc o1 ' thcst '
rncthocls  is  prov ic led below.

A.  Rues rNc  Sunrnc rs

Bcnch tests th l t  cvaluatc lubr ic i ty  in  rubbing proccsses arc perhaps the rnost  wic le ly  usecl ,  and yc l  ( ) l
lcus l  vu lue wi th rcspcc{  to nteta l  cLr t l i r rg ancl  gr inding.  Evl luat ion o l ' rLrbbing act ion rnay.  howcvcr .
he o l ' inrpor ' luncc in  cut l ing ancl  gr inding appl icat ions where thc wolkpiccc or  tool  rubs agtr inst  l
support .  Exanrplcs arc b ladc wear in  ccnler less gr indcrs and tool  grr ic lcs i r r  dccp holc r l r i l l i r rg  or
reanr i r . tg .  Rubbing lcsts  are of  gre l ter  va lue f i r r  s tarnping and drawing appl icr t ions.

1. Pin and V-Block Test

The p in ancl  V-bkrck tcst  is  perhaps the most  widely rccognized o l ' the rubbing tests.  Two stcc l

.jaws having a V-shapccl notch in thern aptrl ly pressure to a rotating steel pin inrrnersecl in l luid lscc
I"igLrre 7.ul).

Two c l i l ic rcnt  lests cau be r r . rn wi lh  th is  rnachine.  ASTM method D3233 covcrs a tcchni r luc o l
increasing prcssure on the. jaws unt i l  la i lure.  in  order  to rneasurc thc load carry ing propcr t ics o l ' thc
lluid. ASTM rnethod D2610 measures the antiwear properlies ol 'a l luid ls l ratchct rnechanisnr
advanccs in order to maintain a constant load on the pin. The number o1' tceth aclvancecl by thc
ratchet cluring the prescribed testing period is reported rs thc measure tl l 'pin wcar.

Table 7.I provides data on l ive rnetalworking fluids developed using these two ASTM methods.
The lluicls rre arranged with the high oil products at the top of the table, synthetics and water at the
bottom. Note that a very l iglrt-dLrty, clear synthelic gave the lowest nurrber of tecth wear i ind wiis
comparable to the heavy-cluty soluble oil on lailure load. This result is due kr the incolporation of a
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FICURE 7 .5  Four  ba l l  l r rb r ic i t v  rcs t

lu .  F r ic t ionu l  l i r rcc
b .  Wear  sc l r r  lnoasurc l l l cn (s  on  thc  b lock
c .  Wc ig l r t  loss  r r reusurc l l cn ts  on  the  b l r rk
t l .  f ' u i l ru 'c  lu i rc l  u t  wh ich  lhc  lubr ican t  i i l n r  run tures

AS-|M Inctho(ls D27 l4 und D27tl2 covcr thcsc proccdurcs.
' l ' hc  

l l c ichcr t  l cs l  i s  s i r t t i l l t r ,  us ing  a  cy l inc l r i ca l  s lcc l  ro l le r  p ressed aga ins t  the  ro ta t ing  s tce l  r i r rg .' l ' hc  
lowc l  th i rc l  o l ' thc  r ing  is  ba thcc l  i r r  lubr ican t  res id ing  in  a  cup,shapec l  rcscrvo i r .  As  the  r i r rg
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Dircction of
rotat ion

3. Block on Ring

A r t l c ta l  b lock  t t t tdc r . r r r t  app l ied  load aga ins t  a  ro la t ing  s tee l  r ing  has  been uscc l  by  I l .  Kc l l y  and
.1 .  [3ycrs  to  co l t tp l rc  can t ln tw inu  I lu i t l s lT  un t l  hy  A .  Mo lmans anc l  M.  C- '< ln rp ton l *  l t rconr ; ,a re  cu t t i r rg
i l r rd  g r inc l i r rg  f l t r i c ls rs  (sec 'F igurc  7 . ( r ) .  Scvcra l  n reAsurenrents  can bc  rnade l io rn  th is  tes t :
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l i ro t t t  l {oeh l ,  F , .  L . .  Sakkcrs .  P .  J .  I ) . .  and  l l rand.  H.  MF f  CURE 7 .8  l ) l r r r p i r t r  o l ' l ' r i c t i on  pc r r c l u l u r l .  (So r t n  a
( ' r t , t r r r t '1 .  ' l l t i I t t r i t .s .  

|05.  79.  | ( )90.  Wi lh ncrrn iss ion.)

[ Js ing  I ) r .  Yang 's  Ine lhod and SAE 1026 s tee l ,  cu l t ing  l i r rce  va lucs  were  de termined l i l r  the
slure l ivc Inctalworking l l rr icls shown in Table 7. 1. ' l 'able 7.2 shows that water perf irrmed poorlr,

on  thc  la thc  tcs t .  l i r l k rwec l  by  the  l igh t -du ty  syn thc t ic .  A  s i lnp lc  so lub lc  o i l  and  a  rnodera te-du ty .
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TABLE 7.2
Lathe Test Results

Product Type

l lc : rvy  d t r ty  so lub lc  o i l  rv i th  chkr r inc  l rn t l  s r r l l i r r

S o l u b l c  o i l

Mot lc r t l c  du ly  sc rn isvn thc t ic

l l c i rvy  th r tv  syn lhc t ic

l - igh l - ( lu ly  syn thc l i c

Watcr

Dilut ion ("1,)

5

5

3

5

5

l ( x )

Cutting Forces

(lb)

,1.r tt
46.+
460
4(XI'
4lt0
530

(N)

t94tt
2()65
2016
l 7 l 9 '
2 r 3 5
2351

T { B L E  -

Surfact '

P r o d u c l  r '

Inc l i ca tcs  lhc  bcs t  va lues .  bcs t  lub l ie i tv
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