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I N’I’R )hl CTT I IN

U n d e r  L lie~ s po ns o r si t  i p of  the  N i v i I Fac f l i t  ic’ s Eng i n e e r i n g  Comnt~ind
the ( i v  i i  Eng ineering L a b o r a t o ry  (C EL )  has been d e v e l  t i p  i n g

i a t a t i  s and t, e c ltt i i q i t e s to  t i s s  i r O t  un d e r w a  t c t  c on st  ru ’ t ion d i v e r s .  ‘l iii-
p r o g r a m  01) 1 i _ v t  ly e  is to improve t i i & ’ s a fe t y  ari d re l ia bi  I i tv  of t o o l s
cu r  r i -t i  t lv  in use h~ the N - i  VV ‘ a, Underwater C n t i i s  t r uc t ton  l e a r n s  C P C I )  and

i t  - l t - V v  lop flew t o o l s  t h a t  w i l  I i ncr e a s e  t h e  scope  of w o r k  pe r f o r m e d .
(diii ol the t a s k s  I r~ ij l l vn  L I v ass  igned  to the UCT ‘s i s  th e -  i n s t a l l  a—

t ion , ma l i t t e n l i i a ’ e , i t t i d  ri-pa i r oI ~ o1 - v - i n ogr ap h ft cab l i _ s  a t  c l i  v e r  d cp t h s
I r , san t lv , c a s t  iron sp i i t  pi pe ( F i g u re - 1) is a s se mb l ed  ar o i tn d  t h e  c a b l i _ -

~ n r n v i de i b r a s i o n  I t r i , t -e t . ioti and st t i b i l  i z a tj o n  against wave forces.
l- a i c l t  sp l i t  pipe s e c t i o n  i s  i p p r ~i s i . m a t e l y  3 f e e t  long and is as ‘m b l c d
u s i ng er i g lit  ~/8— incli bolt s with nuts and lock washers. lioth m i l d  st ~ - i l
m d  s ta inless  steel fasteners are- used on ti m e pipe.

D u r i n g  r e p a i r  op er a t  ions  the  d i v e r s  have re p e a t e d l y  e x p e r i e n c e d
p r e t h  lens in re -moving  t h e  n u t s  and b u t  t s  f r o m  t h e  s p l it  i~ipe sect  io ns .
.\b r , I s  ion of b o l t s  tn  s e - U I  -

‘ O U r  rock in cetrnb ina t t on  w i t h  co r r o s i o n  and
ma r  inc  f o u l i n g  of ten make i t  imposs lb le to  remove t h e  nu t  to w i t h  l onVa il —
t i ona l  w r e n c h e s .  In these cases , a h y d r a u l i c a l ly  powered abras ive  whe c- 1
is u se d  to  p r i n d  t h r o u g h  the  n u t  . T h i s  p r ocedu re  is  ex t reme l V t ime

n - I tns u rn i ng , r e q u i r e s  two d i v e r s , a nd can he v e r y  dange rous because-  i l  t h e
expose -el h ig hi speed c u t t i n g  wh e e l .

fi , \ ( ; K I  UI II ‘Nh

At i  i nv a - s  1 i g i t . ion wi s conduc te- d to de term i n c  w h a t  eq u i p m e n t  and
t e c h n i q u e s  were - co m m e r c i a l  I v  avai l ah i e  to remove the f a s t e n e r s .  I t  was
found that the- simplest , fastest , and most practical method was to remove
t h e- fasteners by cutting the nuts In half. Three commercially available
tools (Figure 2) were purchased and tested by splitting 15/16—inch
stainless steel nuts. A description of the tools Is contained in
Table 1. The evaluation criteria Included:

(ii) 1k sa l  e and s imp he to operate

(b) Require little or no m a i n t e n a n c e

( i )  S p l i t  the 5/8—inch (15/ 16—inch across the flats) s t a  i n l c s s
steel niiLs In a si ng lc- 

operation1



( d )  F i t  w i t h i n  t i m e ’  c o n f i n e s  ol  the- sp t it p i p e

( e ’  ) Emp l oy  e ’J s i  Iv r e - m o v a b l e -  c u t  ta rs

Be- ~ otnp ;i t  i b l e  w i t h  c x i  s t i n g  too l sy s t e m s

Of the  t u n e - c- I o i t l a ,  t e s t e d  none m e t  a ]  I t h e -  r n  t e r i a:  t yp e I ci i d
not open  w i d e -  e nough  Le t a c c o m m o d a t e  t h e -  s p l i t  p i i i ~ - n c t t s ;  ‘ I ’ v p i -  I I  ~~n ’ I i I d

s p l i t  t h e  n u t s , b u t  t w o  c u t s  were ’ r e q u i r e d  to r i - l a va t i m e  nut l V j l e- I I I
p r oy  lde- d an ade~q u a t er  op ening  and enough I or ee  to sp l it t h e  n u t s , h u t
w o u l d  not  I i t  w i t h i n  t i l e  c o n f i n e s  of the sp l i t  p i p e  s e c t  I p i n s .  P~m s i - d  on
an  aria l.vs is of the-  t e s t s  and the  op e r a t ion a l c r i t e r i a , i t  w i t s  d e l  e r m i n e d
t h a t  a m o d i f i e d  v er s i o n  e f  t h e  ‘t y p e  I sp l i t t e r wou Id fiinct ion as r e q t i  i r e d .

ID OL MOl ) [F  ICM ’ l ONS

‘ t i l e  toot . w o u l d  probably he use d m o r e  I requen t l.y i n  i t s  d i v e - n
Lea L i o n  t mat ) i ts o r i g i n a l  des i gn I uuc L ion  of n i c c i i s  I on t l  I ~a i i t ~e ’ i ; h i n ip

u s e - . T h e - r i _ f o r e - , i n  add i tI o n  to inod i f y i n g  t h e  t o o l  t n i  m l  l o w  p s i d e r l ie n—

i r i g ,  i t  was made s t r o n g e r  f o r  r c ’pe ate ’d  use . ,\ s u m m a r y  oI  t o l t  1 maid i t ’
t l o u i s  i s  s h o w n  in  T a b l e  2 .  The m o d i f i e d  t o o l  is sh t owt i  i n  F i guri- 3.

A r m  and I h a m n d l e

T u e  mos t  e x t e n s i v e  m o d i f i c t i t  ion  was t i l e ’  f t m b r  i c m t  i o n  of  i t  n e w  a r m
( I i  t y a r e ’  2m ) . Chian g  i ng t h e  shape of  t h e  a r m  p r o v i d e d  c Ic - a r i  I c  b r  I tie-
nu t s .  Th e- d r i v e -  screw contact areta was h a r d — f i m c i - d  t o  m m  m i  z de - t ’o r m a —

1 0  I ron c x j t e  Led c o m p r e s s i v e  l o a d s  ob  a b o u t  120 , 000 p s i .  The su s i l l
i r a  w a s  mod i l i e d  t o  tin e-pt a ‘3 / 1m — u n ch g r a d e  8 p i V o t  b o l . t .  T h i s  w a s

a c c o m p l i s h e d  i t  t e  r t e s t s  w i t h  the  s t a n da r d  5 / 8 — i r s - l u — d i a m e t e r  p i v o t  b o l t
showe d d e f o r a i t  i o n  o l  t l i c - u n i t  when s u b j e c t e d  t a t  s b i a ’ ; i t ’  l o a d s  on t h e
o r d e r 01 1 1) 1) , 000 P o un d s

Dr  i v a  Sc n w

on i m ~ n p i r i t n > r ’ , ’ t e s t s  I t  was ei e ’te -r rn itte d t h a t  t h t e ’  d r i v e -  s c r e w
15’ n l l l d  b e s n i l n  h i -  I i ’d  t o  c u t i m p r t - s s  ftc l o a d s  f rom 15 , 000 pounds to a n i a x i n iu m
ol 10 ,1101) pound s W i l e - I l  5~~i i L L  i n g  t h e  1 5/ 1 6— i n c h  n u t s .  I n  a d d i ti o t t , t i l e
( n n  1 ci r i y e  S a  re-w w oi t  I d  h i -  o i r a  Led at t [me-s w i t  h i an  i m p a c t  wr e tn~- I i  , w h i c h
s t a i d r i ’t ,uI t i i i  v e r y  mi g h t I r ip - I  i o n t o r i -e s  o u t  I l i e  t l t r a ’ md a ’ O nt L t c t  a , u n I i~ ’ e s .
‘I lni - si ’ hi Lt- l i b ids i l l  i’omh in t t t il.tn w i t h t  poor  s l i d i n g  s u r fa c e  l u b r i n - t m t t o n

i t  ions ri n j l t i  r e d  t e ’ ~~t in g  a n u m b er  i f  c an e] id ~t t e- d r i v e ’  s c r e ’ p ~’s he- I p i t ’ i t i n
- a ,  - p - P 1 1 1 m b  Ic  t ies i gt i  was I a  ‘ut id  . t I l e ’  t e s t  I t t g  u n v o  ly e- t i  s p l i t  t i rig u t i t  t s wIt  i i  e

I t a i l ’  up thu d r i v~- se n w  torque . ‘th e tints w e t ’i ’  sp I i t  h o t  h l iv  l t a u e l
i~~ i t ig  ti ratchet w r e i w - l a  atwi with a Itydrau l i ’  i m p - l e t  w r e ne ’ l t .  A f t e r  t h i e

i t u t  was  sp l it thjer drive s-re-w was Hie’ ’ki ’d I or t hiri ’ ; id defo rnu~it ittn . ‘I’he~
d r ive- st rew wits ~m s s t i t r t e - d  t o  I t t i v e -  o h  I e - d  w l t e - n  i t  could tio totige- r hi I urtit ’d



e O 5  i t  r by  hand . [land o per a t i o n  is re-qu m e d  sit that a diver can easily
i t t  t m e h t h i e  t oo l  t i n  t h e  n u t  to  bet s p l i t .

An (t ill) 1 m t e i d SAE g r ;m d e ’ 8 b o l t  w i t h  c l a s s  2 t h r e a d  was s e l e c t e d  as
t u e  d r i v e ’  se re-w . A ha i l  bea r ing  was i n s t a l l e d  i n  t h e  c o n t a c t  end to
r e d u c e -  w e a r  and s l id  ing f r  ic t  ion  f o r c e s  a t  t h e  c o n t a c t  s u r f a c e .  W i t h )
t h t i s  h t l  t , up  to  40 n u t s  were  sp l i t  wi t h  no si g n i f i c t t r i t si gns of t h r ead
de l i ’rmna t j o n .

n i l  t e l ’ s

— — l a p ’  a t n i t t , t u i , a l  p el t t e n s  we-ne  no t  w id e  enoug h t o  I i t  f u l l y on t i l L  f l a t s
1 I ~/ m e t —  i n - i a  n u t s .  A l  so , when  a t t e m p t s  we-re n a - m a l e ’  t n t  sp l i t  t i n e -  s t a i nl e ss

- e ’e l  t i a t  s, t h e  a titters deformed a t  the  c u t t i n g  edge , n e - su l t  I up  in
p t-t n i -ss i vc  t o r q u e  ~t t  t h e  d r i ve  s cr e tw .

.\ u l u a i ’ nhe ’ r  n a t  e’x p e ’n i i t ’ie n ta l  c u t t e r s  were  f a b r i c a t e d  and t e ’s t e - a i  . I e s t

~‘r i t t -  r i t  in c  I uded d r i v e -  sc r a w  t o r q u e  and numher r itf nuts sp i it . ‘th u i
j u t  i r t ’ t , m t i u i n  is s u n i m u u ; m r i z e - d  i n  T a b l e  3.

l i e ’ \ISI L—6 tool ste-t i did not p e r f o r m  a d e q ua t e  l v , p n i m a n i  I v
e l a t e ’ I n  t i s -  n r e ’ o e ’n p ’e ’ o b  a d e c a r b u n i z e - d  sk i n  r e s u l t i n g  f r o m  a p ’ ,’ i t  t n - i t  l u g .
l ’h e - s i t f  t s k i n  r o l l e d , d u l l e d  t h e -  ed ge’ , and n - s a i l t e t d  i n  v e r y  h i [p h  d r  I we

- n r q u c . ~\ t  t e - r n p t s  to  ne-move t h e  s k i n  by g r i n d i n g  d i d  n o t  i m p r o v e ’  p u t  t e n
n p - r f e i i n n j u t c i - . h l a t w e v e ’ n , t i l e -  use ’ of  A I S 1  S — I  t o o l  s t t - i - 1  e- l i m i u u - i t e - d  t l n i

a t e c m r b a a r  I z n - n i  s k i n  ~ nob lent .
i i e ’~~t t r ~ ’ t tme ’nt was shown t n  h i ; i v e  an i m p o r t a n t  c - I  I a ’ n ’ L  Ot) n i t  t a r

I i t a - . i” n n r  a h a r d ne s s  l e - s a  t I t a n  H ~6 , e d g e ’  d e f o r m a t  i p n l l  t ’ i ’s u l t  i _ a l  i t t

a - x c m ss l v i ’  d r i v e -  t o r q u e - s .  1- m r  a h~l r d ne - s s  g r e a t e n  t h a n  H n i , n i t  t e r
h r i t t i e ’ t t e -s s re m i t  t a d  i t t  s i a a - , t n e ’d  s h a n k s  and c h i i p p e - d  c u t  t L r ’ m - n t g n - ’ - . A
-t i - ’ a i t l 0 l a r v  he- w e- i , 1 - i g u r e -  5 , p r o v i d e d  i n c n e - t m s a d  a - t i t t e r  l i t  e .  I u n i t ,
m - u t t t m - n s  t a b n j e - m t _ e - n l  I r om 5 — 1  t a n h  s t e e l  h e a t — t n e a t e - d t n  H 57 mus h w i t h  - i

~p a - a ’ a t l 1 e l a r y  be v e l  o l  7’, de g r e e s  were- f ound  to have- p r o  l a n a l p a - a i  1 i t  c m ud
t i a ’ a ’ e ’ p t t m h l e -  t o r i j i t e - . A n up in e t’ washer placed b et ~e ’c’t m th i- a ’ i t t  t e n  m i l a b  t h e
t o c ’ I pr operl y , i _ - ,’ at e d  t h e -  c u i t  t e n .  W i  t h i o u t  the -  washten , i l m i e - V e ’ t i  - t i l t  I

‘ 1  l en  re-sul ted i n  s ide  l o a d s  and suh s equ e -n L  s t l e t m n i l u t i _ t I  t a -  c u m t t p - r
sh t a n k .  An 1 ) — r i n g  p r o v i de d  a s i m p l e  m e a t t s  cii I i r m l v  iu n l di utg thte ~ i - l i t t e r s
i t t  t h e’ t o o l .

1( )OI. OP ERA’I ’ I I IN

‘the- n u t  spl  i t t e - r was te s t e d  h o t  I t m i t t  l a n d  m d  c i t i d e r w a t e i r t ml eieteim ine

ho t It o p e r a t i o n a l  p r o c e d u  re ’s and ove ra I I p e t ’ nr l n n , m i i a - t ’  . ‘t he t c-st in g  showed
t he - ; m e - r t  orman ce-  of t i l e  i _ i t t  t e r s  and d r  ftc ’ s c rews  t o  he as p n i ’~ j n l t s l Y

d i  ‘- u sno e ’d . N a i l s  t ’ t t t t  be spi i t  m t i a im u ui  I I y i i i  I tn [ t i m i t  i_ ’~~ p i n  w i t  hi a powered

w r t ’ m s - l i  i n  I I )  te ) 4 5 s em ond s . R e - c u i m m e n e l e d  o l t e - t ’ m t  i o u i t t  I Pt ’ m a ’ i ’ m i
~~

1 t a - S

we-re t s t ~t It  I I shed and i i t e t e i r p o r ~i te - d  h t t  o an m i ; t e - t ’ m t i on s  and tn _ i  i t i t e ’ t h m t t m ’ i
m a n u - i l  t h i a t t  i s  p r ov i de d  w i  t h m  e-ach  k i t .  A c ’ m t n i I t  I e t c  t m i l u t u t n , m t ’ y i _ u t  t h e

m p e - r i t  ion in s t  rurt iet t trt is giv en h ,e l o w :



I . On e-n t t h e -  a - t i t t e r b l ade - s  sa t  t h a t t I l e ’ e-d ge-s t i r e  p a r a l l e l  t o  evtc bt
p i t h i e r .

P t  t t n e t h i e  s p l i  t i e r on t h e  n u t  so t h a t  the  e n d s  i t t  t h e -  h a n d l e -
m i r  a r m  do n o t  co t t t ~~m ’ t t l i e ’  sp I i t  p ipe.

3. Position the c u t t e n n  b l a d e s  as e’ los e� i t s  p o s s i b l e -  t a t  I l i t  c e n t e r s
i _ t I  atp lta t s in g flats ot ’ the’ n u t  sal t h a t  t h e y  a ’ o l i t : m m - t  t h t e  f u l  I h e i g h t  m O  t h e
n u t  and do no t  engage t u e  w a s h i e r  or lock w a s h e r .

4. Secure ’ t he - nut sp l itter in p lace by h and— t i g h t e n i n g  t h e -  d r  iv c
5a ’ t’eW

5. Torque thie drive screw with the socket wrench or an impac t
wren ch-i. Note: when the nut splitter is operated in air , the
split nut will fly off with considerable velocity. To reduce the
hazards , he-ad and eve protection must he worn . In addition , the

a n a l  s h t e t u l e l  he - e - n n v e ’ r e ’d l o o s e l y  w i t h  a cloth rag to n - n t l l t~t in  t he ’  sp l it
n u t  . Whe n etttde’rwate r , t l t e  e’nergv etf t h e  sp I i t  ha I f  is r a p  id I’s’ i - : t I u a ’ r t d i -d

se) that dat ge-r (hoe-s not t X  1st .

t i ne ’ s i d e-  ol  t h e- nut may split iirst. II this h a p p e ns , e - x m m i t t e
t l a e ’  posit joti of t h e ’  m ’ u t t c ’ t ’s on the  n u t ,  I f  p r a t i n e r 1 y m l i g t t e - d ,
C o t i t i t i u e -  t a t  sp i i t  t h e -  r e m a i n i n g  n u t  h a l f ;  i f  i u i c n i r r c ’ a ’t l v  p m i s i t  l n n l l e ’ i l ,

r e - m o v e ’  and re-posit ion t h e  n u t  s pi  i t te - n or r e m o v e -  t I l e ’  l a i o s m - l t m ’ n l  n u t  l iv
t u r n  i up .

i I p - i ’ a sj o n ~i I  l v  i t  w as  obse rved t h a t  whe t n  b o t h  h a l v e - s  p0 th e ’ null
‘ - ‘ r e ’  sp i i t , t i l e  h a i l  r e - s t r a i t i e - d  b y t h e -  sp l i t t e n r r e m t t i t t e d  m t  t i n  I n n

t o  t lie b~ it . [ m i  n i t  i ng t lie h o  i t  sonic t i nc-s removm~-d t l i i  s b itt I I  . On
i t t  s r  O i t n ’ t s  iott s , t h e  It o 1 1 was ne tmov end by at  add i t i o m t a  I c -u t  ~‘ i t  Ii
t h u  s p l i t t e r .

‘tool K I ’ l

l)u e  to  t he  u t t u s u a l l v  h i gh s t r e sse s e - nm ’outi t i ’ n t - d  i t t  sp l i t t imi g t i l e

1 5/I6— inm ’ h t  s t . i i n l e - s s  s t e ’ i ’ i  tiui ts , some oI t him ’ uttt s l it i t t i r t ,m nt art ’
des i gned to wear  and he- re- I) la~-e ’d on a ne-gut I tt r si l i e d  t ile’ . li t r I lie’ UP I ’ ‘s

k i t  (F i g u r e  6) wa~ made up t h a t i-otita i t s stilt it ’ ic -nt ne ll 1 t t i ’ e-tfle t t t ‘- m r  t s
Ii, sp l it 1 ,000 nuts. A listing itt t h e kit conte nts and re t ’ilt tee mml em t
sa hedule is contained in T a b l e -  

4 . 4



RESULTS ,\ Nl )  C U N L I t ’ S I O N S

‘ l i l t ’  n u t  sp litte r w ;ts  ( l e ’ v e ’ l n t h i m - e i  t e t  tn ei L t h e  sp e ’ a ’ i t i a - n m - q u i  i’t - f l a ~-rt t i i i
r e -moving  dt uuuiCm gc d 1 5 / 1 6 — h u h  n-a t t t i t t l e- ss s t e - i - I  n u t s  f r o n u  op I i t  pipe- . t i  t h
t I l e -  k i  ~, adequate spare parts ti n -  ava i li tb leu to  ne -move ’  m o r n ’  t i t a n  I , 1) 0()
tints. ‘t I l e ’  task p ’ t t t - i  be m a ’ c’itmp i ishie’d e l  t h e - r tiltttui 1 l.y is i mi g a s n t n ’k e - t a n d  - a
r ,m tchte ’t wrench on h t y d r iu l  i c a  I l y  u s i n g  an i l I n l a i c t  w r e n c h .

hand operat ion  r e q u i r e ’ s  t h t ~ d i v e r t o  e ’ : - : a - r t  I n r a - c’s L i t )  to ~~) p o t i 1 id s
at  t h e -  end 01 a 15— m It hrc-tt ken r bar. On a l i m i t e d  b a s i s  t h i , o  f o r c e ’
normally poses nm ) p r o b l e m s .  l l m , w e v e - r • i l - i  p n i tch i t ions  w h i e ’  re it  i_ s e x I l e - c ’ tech
t I- ia t many  nei L s w ill he- sp I it , I ~ is r e - m ’ mt muime - m t a h e ’ e i  I h i t  am )  i t t ipac  t w r e n c h  hum-
u s e d .  I t  i t  h e n ’ones flet e ’ e - s , s i r \ ’  t i n  r a - l l a m n v m -  a s u i h s t a u t t i ~t I  n m t m b t ’ n  of  n u t s
manual  l v , cutters with a sharper s eo -o n dar v  a n g l e ’  w o u l d  re su i l t  in r e d ur e - d
d r i v e  t o r q u e .  H o w e v e r , a dc -c re ased c n u t t e - r  l i f e ’  w o u l d  he- t ’ x b n e ’ a ’ t e d .

The p r e s e n t  c a i t t e - n s  we -n e-  s e - l e e  t i-cl O t t  I l a m t  b a s i s  n t b  I i m i  t ed  t e s t  t i n c h
t i  trade off betwe-en dr ive tor qu e’ and t i l t . I l i n t  m u  z a  t i Ot t n n t  t h e -  cu t  tn  r
- iu g le , drive’ torque , amid nm~u ie-n i tt 1 h a r d n e ss m ’ m n t t i d  re-su i t t I n  i t n n a n  I t a t
require ’s less ep e r a t i on a l  t n t r q u e -  t i m i d  bias i t - i c  m n - c - s -nh  cutt e r l~~~t n ’ .

POST 0PERA ’l ’ i o~

‘[lie f i r s t.  I l e l d  Use’ of’ th e-  runt sp i i t t n ’ r  w’ t s  m i n e e- s st  cii , s i t

i t  d i d  d e m o n s t r a t e  sonic p o t e n t i a l  p r o b l e m s  i n  n u  - i t , ’ I l l - - I n t o  I . l I m e -
m n p e r a t i o n  o c c u r r e d  i m m e d i a t e l y  a t  te - r  t h t e  d e v e ’ l a m i n i ’ n m  a t  w o t ’ ’~ c h i s m  m i s s e d  i t i

this ne-port , and the ’  d i ver s  were-  no t  I u l  l y i m i s t  m i  t c i i  i t t  is  i t ip  t I a n ’ l o t
sp litter. Also , the working etivironmet i t was hos t  i m  , w i  l i t  I t n , t r  v j s j i i  I —
i t y ,  heavy surge , and a’oid wate- r t h a t  require d t i l e ’  d i n  t ’ , I ,  -

aw k w a r d  t h r e e — f  i n g e - n e - d  m n i t t e n s .  ‘t he-se ’ i actors n ’ n n n n n i m l i p  - I i t t  t - t
d i l l ’ i c ult  to  a t  i gn t h e  c u t t e r  b lades par ci  I Ic ’  1 t i n  e s m e h i  c t  h p ’ r  m d  t n

p r o p e r l y  posi  L i o n  the  b lades  ott t he  n u t s  . These’  p r o h i  I - t t ’ o is i n  , n j

c a n n i r s e - , coits i ,dened during the  d e v e l o p t i t e-n t  p r c m c e - s s  u l t a l  t i n ’  n i  , n a l i t c t  i s t ~~’

t h o u g h t  to be t h e  b e s t  c o m p r o m i s e  s i t i  L i t  i on .  Th i s dc ’s I gn a I I n~~W n t t l ie-  t u n i s

versatile use- a t f  t h e  n u t  sp l i t t e r  in a v ttn i e -tv m i t  i p p l I n  i t  m m l i ’ , I tey nuid

ust th at et f sp lit pi pe- nut removal
H owe ’ve nn , i f  the-se  p r o b l e m s  n e m u i ; t i t t  a l t e r d i v e - r s  m r  i I ’ m - i  l v  t m , m  l u t e - e l

in  t h e  use of  t h i e  n u t  sp l i t t e r , t h e s e  d e - s i gmi n m m t e h i l  i c t i t  j o l t s  , a m n ’
r e - e t o t n tn e -nde -d

Fabr u -ate - the cutter blades front itctagon;u l s t o ck  is shiowi i in I” I a - t i r e ’
7 and modif y the nut splitter handle- s ut -co rdi ti gtv . (lI tis s h I t h i e ’ w i l l

ttllow indexit g and positiv e - itr ienttt tii )n of t h e- m i t t  ters .

2 .  F;tbr im -ate an atta chu abti ’ tul ignment ji g I n m r  s p e c i f  i i ’ , m i n i n l i n ’ , it  i m n t t 5 ,



__

h -
_

I , - a - I .  Sli l i t  i t i lte ’ s ec t  ~ m t n  n O  t h e  t ’ j n n -  u s e d t o  p n a t t a c t  c n m b l e ’ - .

~~ n -  - ,

‘ I’ - -

l - ’ i ,p n n r e  2 .  i n n n u u u n n m - r m ’ i , i t  I v  u v m i  h a b i t ’  n u t  s l i l  i t t e - r s.



\
~~~~~~~~ 

-

F l - s r i -  3 .  t’l n n h j l  i e ’ n i  n u t  s p l i t t e r .  ( : u b ) a c i t \ -  i l u c r p - , n - -s ’ n i  I n n  I i m i c h i ;
m m c v , w i d e r , h a r d e r n ’ a u t t m ’ r  b l - a a i t ’ s ;  l i r t ’ , u ’  a l i - a u u u n ’ I c ’ n
p i j a m  t h n n u  I t ;  at  ronger d n l v i ’  sc r e - w .

IN , 1 2 3 4 5  

- p 

6

I- I gum P ‘
i . t b -  -ml  I I I c - e l  sun s I I - it I nn. Sb, u I n n  - c I t  n l I p  n i  t i m  i i n ’ t p  ‘ .1  - t p t a n  I

t V .

7



“-5

*2

F l ,p a a t ’ a ’  i , I t a i t  t n - n  w i t h  s e e n n u a n l , i r , ’ b e v e l
- t a i  n ’ . I I  a t -  I t  ‘\‘ n ’ l  r e n l u l a ’ e S  i5a ‘ t a n  at

t i l e ’  c t l t t i n g  edge.

I’ 

- 

‘

F i t ’ a a t ’ i -  C a .  ~~a t  sp l i t t t - r  t oo l k i t .  I , n n l a t , i i n ’ , n u l l  f u j i - n i  sl’~ 1r t -  t I n t s

p a  ‘qn  l i t  I , I ) 0 ( }  t o t  ii .

h-f



i u ;tn d  h p

index s t o p  ~~~~~~~~~~~~~~~~~~~
a n l i  it~iii (h I t

/\ /
/

/
7

a ’t i t t e ’r  l) l mt de-  —_.~~

— —

A

FIgitri’  7 .  () e ’t a g t t n ~t 1 i ’uu tte-r bl ade ’ .
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‘t~th i  e 1. Co m p a r  i s a u l - i  a t t  ( t m p t m t n u i - n i  i i i  I Iv n \ v t l  I l i i i )  h e ’  N t u t  Sp I i t  t i m —i

- N a i l  S i  xc W i - i  c h i tI ‘~~n i  l ) e se I’ I p t  i Ot t  , ‘ - 
- -

( i t p i i C i t a  ( i t t . )  ( Ib )

Ph ie ’mS t y p e - , 3/- ’m— in e tht a c n i m s s  l 2 x t nt : l
twa )  m u t t e r s , I h l i t 5
l n a m l u a  I, d r i v e -
Sn ,’ rew , hi ai d—

a, t p en r t t  te td

I I  S i n g l e - c c i t t e ’ r , I 5 / 1 6 — i n ch ( n : : 2 : : l  3 / i
r e -qu i  r e-s twa ) t i c  ross  I l o t  a

‘ n i t  5 , manua l
d r i v e -  sc r e w ,
tu m t n d — o p e ~ r at e d

I i i  P i n c h t y p e ’ , 1— 7 / 8 — i n c h l mc-: h i : :  I
hy d r a u l i c  r un ! ac ross  I’ lo t s
a n l n e r a  t~ ’d
n i - q n u i  re ’s
i iy d mau l  i a ’ PUt I1 P

I 0



l ab Ic’ 2. NIodi,f i n ’ t t t  i o ns  to  P t  in ’rs— ’l ’ t’p e’ N aat Sp l i t t i- n

‘ I n  ‘ al l I n  r t ~la n d  i t  i c t t i  t i o n  l) i sn ’ ri p t i m i i i

S t n n , i I  I a nn a S h ; t h ’t e ’  n ’ I a a l g ’ , e-d l i t  ~\ l s h  3 + I i  I n n - t I —
i t c  re u s e -  t a i t l t  i ns  I t r i ’  a t  p - a l  t a n 

~~n ’ 28 —
n u t  a ’ i p i a ’ i t v  and 1 2.  ‘I n n  I t  ‘ - a  I I c

n ’ i m l t p t ’ n n v a  t i l e -  61 155 i n t a n a l — b ’ ; m ’ ’ j n u ~
drive sc re -v  / suns 11
tm rum i ( ‘ a t m - i  t a t ’ t - t u t ~; I c ’
drive- screw a ’ n n l l t , u c t
t u  r e .  a I t m i r d —  I ‘ i c e d

I , a  u u d  I ,,‘ ~~j n_i n t t  bet I t i t d )  Ic ‘ l a n d  i t  I e d  n ‘ a r t i tm me n a i i  I
I t u t ’ r c ’ t i n - i c c J  t o  3 / 4 —  P m t n t
i n c h  d i a t n e - t e ’ n

Drive ’ screw I n nu ame’rc i al drive- SA l, g r m n l t ’  5 i n t l  t an d
sc n - s  r e p  t a t c m - d  c t m u u t l n c r c  i S  I b i l l

n,~’ jI h a h ighi— be -. a n  i ng

n’ L r cn g lh  ho i t  ;
a 7 / 1 6 — i n c - l u  h a i l
he ’t l m ’ i r t g i n s t i l  l e d
in t h e  e n d  m I t  t h e ’
ho I t

i’ I ’:- ‘t  ho i t  I , n t lIlnlc’ rC ial art S,\ l - ‘, i ’ t , i p  8 a p t t  t
a ’ h i a i t g e -eh t i n  a h i g h —
s t i ’ e ’n g t h i  b o lt ;
i nc  m i tt se- u 51 zen I rout
‘~/ 8— i nch  to  3 / u — m e l t
di  il iue’t  er

P i v n n t  b o i l N u t  ~mdd e - d  t n t  l m n u ’ k  Th i it i l ie  i t t l u l  e l - a t i c

~t lil t i l l  t t h e  ~) 1 n_n a m l  h i t  i t  i t )  s t  n n I t i n
p 1 i n  -

I m i t i c r  h I u i  - I a ‘ n i t t u m -  r n  i t t  I p a r t  A IS 1 5— I t a t O  I st ee I
me l ) mcccl with ii h i e ’ m i t — t  t ’ e ’ , t t  i - a l  t m  E m ~7 — h O

n_i ’ a a l t ’ m ’ 1) 1 t t a i m ’  Iiat v i m t~’,
1 Sp ’ n ’ a t t i e l , t ~~\’ a l i t  te- r

b m - ’ i m ’  I

m a i t l t  jntte eh

I t



‘ t ’ ,’t h t h e  2~~ ( t e i n t  i n u m ,-d

h ’ a~~n I Pa r t  Mu d i I i c : t m t  i m i n  Dc- sn ’ t I  l i t  j i tt i

Cutter b l a d e - A 0. 020— i n c h —  t i t l e - k  S m i  I I c m t h t l t e ’ r
washier copper washier added

- tinden the b l a d e  to
e v e n l y  d i s t r i b u t e
a ’ontact stresses

Rubbe-r stop A rubber pad added 
—

to th e small arm to
help connectly position
t h e  c u t t e r  b lades  on
t h e nut

12
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‘I ’ t t h ’ u l e - 4 . ( ; a t r i t e - t t s  of  N t i t  Sm ) l l t t a ’ r  K i t

N t itn he -n . - Re- p  1, ’ t a ’ e -mi me ’ t ’u t  Sm ’ h u .’ a l t i  h a ’
I t  t t i  , , .  I ) e set r ip t  t o n  

‘ -i i i  K 1 t i t  r I’ 1mm ’ 1 I ’ l l )

,\- ‘, s e ’m h t e ’d I e u  H an d I e’, ttn m ,
n u t  s l i l  i t t  i’m d r i n _ n m si ’r e -w ,

p a i r  m ’ t i t  t i ’m
t i s s c ’f l l h l  v

p i v o t  1)011
ttnd n u t

t-’n i ’ t , u I  I -arm I c_ a 4341 )  t a m n i h  E e ’ j n l m n ’ i ’  w h i e - u t  se ’v e r a ’ lv
s t e - e l , h u e - i t —  d c l  o rmmie cl i n n  b roke n

r e m  t e al t i m
R 18 — 3 2

c

( : u i t  t e n  I t O  p m  S — I  t n t m t  1 l l , - 1 n  I - u -  e ’ n _ s l t i , m m  ‘ m I ~~m ’
, ‘is s c ’ t n h l v  5 t e - c ~ l , i a - u t  a p ’ , - ‘ ‘‘ i ’ S  n t , , ’ i, S 5 j y i l n ,’

t r e ’ , u t u ’ d  t o  n _ I S  m i t ’ c h i p p e d , m i r
R 7 , w i t  h a  w l s ’t i  m h r  l vi, - I

I )~- r i n g  a i i m !  p ’ t - t - n ” ’ , I - - i n !  I I t — I I n

c a l l i p e r  ( p s I  l n ’ n , a t n ’ Y I ~ n u t s )
w u sb t c ’ r

n l n i v e- Sm n e w  6 1) e ’ ,i ‘t / 8  x 18 R - p I . i - ’ ‘ ‘,s’ I n ’ ’ ml i t s

I’ , I’ m l m  - t n i  p ‘ i n  I s  t n i n  I a I I
8 ho I t  n _ s I  t h u  n i p ’ I  - a  m t n n - i  p n n _ l a m  a

I ) ,  m i l  i n  a n  I rug i t  - p n a n u ’  - I l i p ’
i t i s t  m t  i c- e l a i m e d  m ’ ’ a ’  I v  liv
I n  c -m i d  I t t  m i i i  I -  I I t a -  i t  -

I n l i  t i l t s  I

P i v m t t h h m t l t  a t l s s e m t t t ) l v  I / i  -, 1 2  6 .1 1 m l ’ i ’h ’t i
and N n a t  ~‘ia\ l’ , ‘, ‘ t ’ ’ m n h n ’ c t - S i  5 5 1 ’ , p I v  m I t t - - I ’ - ’ eh

8 h m u l t  c , m n i ” , j m i n  n ’ ’- , u ’ ~~~ -~~~ ’, ’ i
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N u u m m i h a ’ m ’ - -  h’I c_’ p l acia m m m c i i  t 1 I n n - a l i t ]
It c- mn , , ,  I )e - set t’ u p  t n m  -i t t  I— i t  t m I’ 1111 ( 2  t I t I n

I ’ wre -ncli I a ’ , m 1 — s h e - m I t e - c l  ‘ l i t  a i d  i n  r e ’ m n i n n v i u l g
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i’ , t t p ’h c_~t
s a p c k  e- t
w u ’ p ‘ i a ,  I t

i t-: t e ’t i s  t i l l  1 a u  8— i t i  . — I a t n g ,  I - ’ i t s  ot t  m u l l  s1u t I t t  c i ’

t i , i nd Ic’ Itmi t i d 1 e h u , t t i a i  1 , t a p  p t’ p t v  ide-
i l l ’ ri - - I  ‘~ c a !  1 c - n _ c ’  t ’ , i n ’ , ’

l . l u h t  r i n  - u n i t  S I she’s A t m is l i / n ’ ‘ l i t  I u h n  I ‘ i  Ic’ dt’ 1 n _ c ’

I u hj m’ j u ’ ,t t i t  st ’ m ’ e n_s ’ t a n c h  m u t t  i i i ’ , ’,

i a ’ e n-I a p t  h u t m n e h  I

m d  , u m ’ mm u
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N n _ n _ I  N i n I K I I I  l I l t  I N 1 1 1 1  - I I I l p , t u i I l , I I p I I I I

18



N n _ i n  1 1 1 1 ) 1  - n _I  I p u m l e ’ I , I I ” h u , u I p , , t t  I I ,  , , !  n _ I l l
N n _ n _ I  n _I I N ( , I  I I n _ I t h R  I K t l p ut ’s mu , i n ! ,  ‘ , , n n , I n n  - n_ in I , , , I , - P m i ” l a t )  l u a u  i
N n _ i n I  n _ I l  N i p  l u i n t  I I I I  ‘n I t t i n  I , , d ~ ’ I I ’ m I I , I  I t , , , I , s I I , ,, I, ’ I l ’ i I I S I ’ l t m I  I S n u I h m l , p u u m
N n _ n _ I  n _ I l  N I , I  i n _ I  N I I R  I I I  I I I n _  n _ k ’  i l l  I l t n ’ ’ , ’ I . i ’ , t t  N ’ m  I , p l c . n n ’ I ’ I I l I R  in I S i , ’ n , , I t I ,  II,’ , n a n ,  I l t s  ‘ K

n _ t , s a n n ,  - a PPi ~I , meIc ’I p h m , i  I’ in
N n _ n _ l i n t l  N I l  ( I n _ I l I I N I R i n I  I 5 R I t l i ’I n I t P R I I ,  I c ’ i ’ a I P m S , n I ’ n ,  I t . , -, R I ’  I R I I i I  N I  m l  l i t  I 1< l p a ,p I ’’ , c ’ t p p

l Ip c’ m l l e ’r lull n_in in ‘it, a l p ,

‘ s n _ n _ I l  I H I n_ K I l l  I , ‘ t i m n t n , p p t p l c ’ m  p N 4 2 n  I n a , ’ n n , ’ R n , ’ ’
N n _ i n  n_ i - n _ R i  1 1 K  I S I  H n _ N I  I N I H I  I l l s ,  m , tu  I I  R I p a p ~~~~ I I c ’ i n ~ a n  I I )

N n _ i n  n_ I I H I  1 1 1 1 1 - , I m l t i l . , i i c ’ l p tt m i in
N - n _ in N I  l i n i n  R I  n _ I l  ‘p 1  I I I  I 1 1 1 1  , I n _ - m i  I l n a e ’ i p c ’ ni p c ’ I in
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NI  SI I ‘ n m l a ’ I n _ I  ,‘ i n H S n_ I n u i t t t  , ‘ s c a n  I , P I t i I m P i l  I I - I ‘ p h , ’ I n _ I  I I  n I , I )u_ ’ I , ,  I I P t / I , N , ’ as I , , t t l i t i  I
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