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COMD~iNxTIOM AND R E P L A C R E N T  OF hRTILLERY TUBES I N  COMBAT 

CHAPTER 1 

NETHODS OF CONDBW..ITION 

SECTION 1 

GENERA 

1. Purpose of t h e  stu&. This study i s  an analysis  of t h e  methods 
used i n  t h e  European Theater t o  condemn a r t i l l e r y  tubes during combat 
i n  order t o  e f f e c t  e p r a c t i c a l  measure of econoniy i n  t h e  replacement 
thereof ,  and t o  recommend 3 p r a c t i c a l  nethod f o r  f u t u r e  use.  

2. Methods used. P r a c t i c e  used i n  t h e  mrope-m Theater inc luded  
t h e s e  met?..ocs: 

a. Estimated tube l i f e  i n  terms of an c r b i t r a r y  number of 
rounds. 

b. Prr..ctical f i r i n g  t e s t s .  
c.  Relat ive ca l ibra t ion  of muzzl.2 ve loc i t ies .  
d. Visual inspect ioz.  

S S C T I O N  2 

ANALYSIS OF IJETHODS USED 

3. Arbi t r s ry  number of rounds. Estimated tube l i f e  i n  terms of m 
a r b i t r a r y  number of rounds has, 3s i t s  major attr:.ction, i t s  e i s e  o f  ap-
p l i c a t i o n .  Honever, t h i s  e a e  of  appl icat ion i s  s l s o  a disadvcnt?.ge i n  
t h a t  t h e  gun book does not necessar i ly  indic:?.te an i!ccur:te record. 
Using arms of ten e r r  i n  t h e  a r i thmet ica l  conversior, of rounds f i r e d  t o  
terms of equivnlant se rv ice  r0unds.l 

a. During f i r i n g  t h c  bore in tor face  is  subjectod to:' 

(1) Hesting e f f e c t .  
( 2  High temperature chemical sff  ect. 
( 31 Abrasive e f f e c t .  
( 4 )  Stress ing  e f f e c t .  

b; The cumulative r e s u l t  of these ef fec ts  i s  inf luenced b~ 
a number of var iab les  such 8 6 :  

(1 h a t e  of f i r e .  

( 2! Nature of p r o j e c t i l e s  and propellants. 

(3) Prolonged f i r i n g .  
( b )  Exclusive use  of t h e  higher powder zones. 

c. Use of  p r o j e c t i l e s  and propel lants  of our a l l i e s ,  and t h e  
enemy's as well, i s  sometimes desirRble m d  necessary. L i t t l e  i s  known 
i n  rdv'mce about t h e i r  inf luence on wear when used i n  our cannon. 

d. The condi t ions and vnriebles  outlined above c.p.pF1y t o  311 
cnl ihers ,  However, i n  t h e  case of 3 7 "  Guns, ~ 3 ,M5 and M6; 4 b  Gun 
141; 57mm G u n  Ml; 75mm Guns M3, M 5  and u6; 75m Howitzers N l ,  M2, M3; 

- 1 - 




and lO5m Howitzers KU1, M3 <mndM4, the low cost  of repltscment tubes ;  
t h e i r  ease of manufacture md ready ava i lab i l i ty ;  AS well 2s t h e  quonti- 
t i e s  general ly  present in a f i e l d  army; a l l  are fac tors  t h c t  combine t o  
make a more involved standard of condemnation undesireble. An a r b i t r a r y  
number of rounds i s  a pr::ctical bas i s  for  condemnation i n  t h e  ciise of  
t h e s e  ca l ibers .  With respect  t o  ca l ibers  other thm those enumer?.ted 
above, t h e  cost and d i f f i c u l t y  of manufccture ind ica tes  t h a t  a more pre-
c i s e  basis  of condemnstion must be used i n  the  i n t e r e s t s  of econmy i n  
both money and t ranspor ta t ion .  Since these cal ibers  irre present  i n  l cs -
ser  quant i t ies  ir. a f i e l d  amy, a more de ta i led  exmin&ion is  p r n c t i c a l .  
It i s  emphasized t h a t  expected tube l i f e  f igures ,  i n  these ca l ibers ,  .ire 
of value only f o r  supply planning purposes when Lall pieces  in a t,heater 
a r e  considered, and such f igures  h:.ve no other  purpose. 

4. P r a c t i c a l  firin+q t e s t s .  

a .  Actual perform<mce achieved considerable populor i ty  during 
t h e  European C8mpaign. It iws believed t h a t  t h e  a b i l i t y  of t h e  p i e c e  t o  
h i t  within four  probable e r r o r s  i n  rzngc; of t h e  expected center  of im-
p a c t  vias i t s  t r u e s t  test.?, 4, 5 However, it is appreciGted t h a t  t h e  
p r a c t i c a l  f i r i n g  t e s t  i s  l i a b l e  t o  many cr rors  which are inherent  i n  
t h i s  method, 

b. Errors e x i s t  i n  loca t ion  end p lo t t ing  of  the  piece and fall 
o f  shot: 

(1) Ground survey methdds a r e  affected by t h e  d i f f i -  
c u l t i e s  of accurate  observation under combc>.t condi-
t i O I l S . 1  

1
( 2 )  , , e r i a l  observation i s  subject t o  e r rors  i n  height .  

c. Errors i n  t h e  piece may resu l t  from var iz t ions  i n  degree of 
coppering .6 

d. Errors  of  personnel may occur f om i r rcgulcr  ramming' and
v a r i a t i o n s  i n  temperature of t h e  propellant. l 

e. Errors i n  t h e  f i e l d  of ex ter ior  S a l l i s t i c s  may include: 

(1) height  and shape of  projc: t i l e .
(2) Steadiness  of pro jec t i le .  f! 

6 

( 3 )  hind m d  a i r  tempereture.l 

f .  Residual errors e x i s t  i n  range tables.6 

g. The p r a c t i c a l  f i r i n g  t e s t  i s  not e n t i r e l y  accur:.te, however, 
e r r a t i c  performance of t h e  p iece  as reported by the using z r m  i s  of =UT-
f i c i e n t  importonce t o  warrmt  f u r t h s r  c r i t i c a l  cxnmin?.tion t o  determine 
serv iceabi l i ty .  It i s  probable t h a t  reports  of e r r o t i c  performmce will 
be  t h e  f i r s t  indicat ion of unserviceabi l i ty .  

5 ,  p e l a t i v e  C d i b r 2 t i o n  of Muzzle Velocities. 

a .  Deterdned r e l a t i v e  muzzle ve loc i t ies  e l iminate  t h e  e r r o r s  
due t o  loca t ion  and p l o t t i n g  end those per tnini i ig  t o  exterior b a l l i s t i c s .  
However, cer ta in  urrors inherent  t o  t h e  pract ic ,d  f i r i n g  t e s c  arc s t i l l  
present .  

b Errors i n  t h e  piece due t o  var ia t ions  i n  the degree of 
coppering.6 

c. Errors of  pcryonncl ,  such '1s i r regular  r m m g 6  :ind vcr ia-
t i o n s  i n  t m p e r c t u r e  of t h e  propel lan t .  b 
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d. Errors due t o  equipment of t h e  B,- . l l is t ic  and Technical 

Service Detzchment. While t h i s  cquipment i s  general ly  qui te  accura te ,  

e r r a t i c  r e s u l t s  may b c c a s i o n d l y  happen, 


e. Although r e l a t i v e  ca l ibra t ion  of muzzle v e l o c i t i e s  i s  l e s s  
suscept ible  t o  e r ro r  than o thcr  methods previously discussed, it i s  not  
6,dvisZbibla t o  condemn tubes on t h i s  basis  alone beccuse the  l o s s  i n  mw-
210 ve loc i ty  for cert:!in pieces  i s  very s l i g h t  throughoct the  l i f e  of 
t h e  cannon. This i s  t r u e  of t h e  105m Howitzers, a-2 2nd M-3, 15fimn 
Howitzer, It-1, a d  t h e  8-inch Howitzer, M-6-1.7 Therefore, it i s  obvious 
thzt while r e l a t i v e  ca l ibro t ion  of muzzle ve loc i ty  r.ffords valucble  in-
fornic.tion on t h e  expected l i f e  t o  he obtnined from cer te in  tubes,  it 
i s  not i n f a l l i b l e .  It must a l s o  be considered thar. t h e  primary mission 
of b a l l i s t i c  tmd t e c h n i c a l  service detachments i s  t o  furnish r e l a t i v e  
muzzle v e l o c i t i e s  t o  a r t i l l e r y  comnancers i n  order th:k pieces  may be 
regrouped by f i r i n g  b a t t e r i e s  t o  give more accurkte resu l t s .  Since t h e  
full time cf these  dc ta .chcnts  i s  occupied by t h e i r  primnry mission, 
their diversion t o  m o t h e r  purpose, i . e .  condemnation of  tubes, i s  n o t  
econcmical. Information of r e l a t i v e  muzzle ve1oci;ies obtained by 
these  teams, however, i s  valuable  i n  appliczble C C S ~ Swhen used with 
o ther  data .  

6. Vi.suai Inspect ion.  The physical appearmce o f  a r t i l l e r y  t u b e s  
was f requent ly  used s.s a b s s i s  for ccndcmn:,ticn; however, experience 
has  shown th2 . t  t h i s  method, b? i t s e l f ,  is  not a su i tcb le  method except 
i n  obvious cases, such 2,s: v i s i b l e  s t ruc tura l  fc i lure ,  d<mge  by ac- 
cident, o r  hostLle f i r e ,  o r  i n  t h e  c?se of the cal ibers  ou t l ined  i n  pcra-
graph 3 d above, Erosion and o t h u  ccnditions cre often ovar-estimated 
by n visua l  inspcct ion,  I r r e g u l a r i t i e s  snd uneveness seem l a r g e  even 
when f e l t  with the  f ingers .2  The 105mn Howitzer f requent ly  s t r i p p e d  one 
o r  mcre lands and many tubes  were condemned f o r  t h i s  reason. Land 
s t r ipp ing  ec tua l ly  i s  not  a se r ious  defect i n  t h i s  wecipcn unless t h e  
cumuhtive Length o f  missing l r n d s  exceeds 110 l inenr  inches. Below t h i s  
Eigure such a condition does n o t  mater ia l ly  .r.ffact t h e  rangc.8 

7. Training. It KS evident during the  European Campaign t h a t  
a r t i l l e r y  maintenmce officc;rs were poorly prap.red t o  perform t h e i r  
du t ies .  FEWhed ever  seen old and p a r t i a l l y  worn tubes and t h e i r  
ltnoivledgc wi.s confined t o  t h e  theory  tha t  tho tube had m expected ser-
v i c i  l i f e  of so  many rounds. They were completely uninformed on t h e  
subjects  of i n t e r i o r  and c x t e r i o r  b a l l i s t i c s  and were not prepared t o  
inzorpret  t h e  many defec ts  t h c t  occur i n  the  l i f e  of  camon, nor  could 
t h e y  explain or de tec t  t h e  causes of e r r a t i c  performance. d s  a r e s u l t ,  
no Ordnsnce expert was readi ly  ma i l ab le  t o  :Lssist t h e  using arms by a 
superior knowledge and with a prompt explanation of the  condi t ion of  
t h o  bore o r  many o ther  quest ions of perforrnnce. B t c a u ~ ~ :  t h eof t h i s ,  
using arms frcqucnt ly  became alarmed when hec>t-checks, scoring cnd 
abrnsioii developed i n  t h e i r  f i r s t  s e t  of  tubes. After on6 experience, 
blowever, they wcre genera l ly  rccssurod m d  wcre ;iriLling t o  w.:it until 
Ordnance was ready t o  cxchonge tubes.  Th6 development of t h i s  a t t i t u d e  
was not easy, ,and Ordnrnce maintenance o f f i c z r s  were subjected t o  mzny 
nggrcvvating demands f o r  ear ly  and uneconomical sxchnnge of tubes .  Had 
t h e  supply bccn adequate, it i s  doubtful i f  t h e  demands could hcve 
been res i s tcd .  

SECTION 2 

8. Requirement. B a l l i s t i c  and technical  ssrvice detachments can 
service two-thirds o f  an a r t i l l e r y  ba t ta l ion  i n  Z/+.hcurs.l It i s  as-
sumed t h a t  a type army would have 106 organic, attached and ass igncd  
a r t i l l e r y ,  an t i -a i rc raf t  and tank  destroyer be t ta l lons ,  and t h a t  ap-
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proximately 32 of t h e s e  LTE of G n A u r e  t o  require  c e 1 i b r : ~ t i o n . ~  In 
addi t ion,  it i s  assumed th2.t approrLmctely 800 tanks, armed wTth  9Omm 
guns, w i l l  require  c a l i b r a t i o n  et var icus  st-ges of t h e i r  l i f e  in o r d e r  
t o  determine t h e i r  a b i l i t y  t o  p ie rce  hard t a r g c t s .  If M e m u n i t i o n  
expenditure equivalent t o  12 Army Group desired maintenmce r a t e  i s  ex-
pended dni ly ,  it is evideht  t h e t  s u f f i c i e n t  m i m i t i o n  w i l l  be oxpended 
t o  consyne appproxhatoly 15,5 tubFs 'per  dayi10 : Tubas should he c a l i -
bra ted  t h r e e  t i n e s  during t h e i r  l i f e  a t  25%, 5C$ and ?5$ of czpec ted  
l i f e ,  7, 8 except a n t i - a i r c r d t  gms, which shcCiLd be c a l i b r a t e d  nt 500 
rounds and ench 200 rounds t h e r e d f t e r ,  o r  an average of seven c a l i b r s -
t i a n s  during t h e i r  expected tube l i f e . l l  It i s  secn t h a t  48 tubes  should 
be ca l ibra ted  d a i l y  and t h e  e f f o r t s  of six b a l l i s t i c  and t c x h n i c d  scr-
v i c e  detachments would be required. Bat t le  losses ,  p a r t i c u l a l y  of tanks 
and tank destroyers, t e n d  t o  decrease t h e  demmd expressed above and it 
i s  f e l t  thnh3t detachments should uc tua l ly  be availcble on t h e  b a s i s  of 
one per  corps and one f o r  army. In  c3,ddition t o  detenrining nuzzle ve-
l o c i t y ,  detachnents should be equlpjed t o  take  wear measurements and must 
be  supplied with t h e  necess i ry  pullover giiges. Since many types of ar-
t i l l e r y  ere  not  c a l i b r a t e d  because t,heir- loss of muzzle v e i o c i t y  i s  re-
l a t i v e l y  small and unimportant, it i s  necessary f o r  Ordnance maintenance 
companies Clso t o  have pullover gcges. 
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CHAPTER 2 

A NEh MEI?HOD OF GAGING SERVICEABILITY 

SECTIOK 1 

CORKFLATION OF CiEAR AND MUZZLE VELOCITY DPOP 

9. Recent k e l a p m e n t s .  Tests  have been conducted by t h e  Ordnmcc 
Gepartment i n  t h e  Zone of t h e  I n t e r i o r  which show a d e f i n i t e  re la t ioi i -  
sh ip  e x i s t s  betlieen wear at o r  neer The commence" of r i f l i n  t h e  
muzzle ve loc i ty ,  and t h e  l i f e  remining  i n  t h e  tube. 1, 2, 3, 2' Using 
da ta  published a s  a r e s u l t  of these ;ests, it is  a simple m t t e r  for 
properly t ra ined  a r t i l l e r y  inspectors  t o  employ a gkge t o  memure w e a r  
a t  the  c r i t i c a l  pc in t  i n  e a h  tube z t  25$, 5C$ a d  75% of expected tube 
l i f e .  These me;surments, when combined with v isus l  inspect ion and 
when considered i n  'connection -with r e l a t i v e  muzzle v e l o c i t i e s  i n  ap-
p l icable  cases, w i l l  a f ford  a corqarison suf f ic ien t ly  accurate  t o  
economically condemn t h e  a r t i l l e r y  tube. Since erosion i s  g r e z t e s t  
a t  t h e  conmencement of r i f l i n g  md decreeses towiird the  muzzle, a 
measurement of  t h i s  p a r t i c u l a r  conical section c m  be made vL<th t h e  
Ldvcmce 3f t h e  gage i n  t h e  bore as t h e  measure of se rv iceabi l i ty .2  

10. The most  r e l i a b l e  index. A mecsurement of t h e  bore at  a 

f i x e d  poin t  near t h e  commericement of r i f l i n g  i s  the  most r e l i a b l e  in-

dex of se rv iceabi l i ty .  Tha most cccurzte g;ge f3r t h i s  purpose i s  t h e  

s t a r  gage. In m y  weapons, wear Is not uniformly d is t r ibu ted  around 

t h e  bore in te r foce ,  but is rre?.test i n  t h e  ver t ica l  a i s .  For t h i s  

reason, t h e  three  point  s t a r  gage is not as accurate  as desired.  The 

four point  star gage, using t h e  hor*ioodal  points 8 s  guides only, i s  

a much b e t t e r  gage and i s  ?referable  f3r b:i.se shcp use. F i e l d  use 

requi res  a more rugged instrument than t h e  d e l i c d u  star2g:lgt., even 

though a s l i g h t  s a c r i f i c e  i n  precis ion must  be expected. 


11. The ItPulloverttCane. A gage knovm as t h e  Ypullover" grge has 
been developed. It consists of' a s t e e l  p la te  machined on one s ide  w i t h  
a broad dovetai led recess  i n  which CL sl iding p la te  movcs. One end of 
t h e  frame p l a t e  i s  rouqdcd t o  2. s l i g h t l y  smaller radius  than tbt o f  the  
m i n i "  bore for which it i s  intended; the  s l iding p l s t e  i s  l i k e w i s e  
rounded a t  t h e  opposite cnd. A screw c l m p  pmsing thrmgh a s l o t  i n  
t h e  s l i d i n g  p l a t e  can be s e t  i n  any required posi t ion.  A thumb p i e c e  
i s  at tached t o  t h e  p l a t o  t o  enable i t  t o  be cas i ly  mcvcd.5 Two ccnnec-
t i o n s  a r e  hinged t o  t h e  rear frtcc of  the frmc t o  rccoivc rods which 
serve as handles. These rods arc wood o r  duralumin, 2nd are m.:dc i n  
shor t  l engths  with metal screw conrections f o r  convenience i n  t a k i n g  
measurements and f o r  ease i n  packing md transport. The lower rod "Bit 
is grcdu&ed i n  inches. I n  taking a measurement, a clamp, "C", mst 
be  s e t  at  thc  dis tance on t h e  gr:!du;.ted rod c i t  which the measurement 
i s  taken. 5 

SECTIOX 2 

VEI,OCITY AND WEliR CHARTS 

12. The ve loc i ty  we'ir char t .  An example i s  shown i n  Hppendjx 13. 
This  char t  shows v e r t i c a l  bore d i m e t e r s  xiken at  t h c  commencement 3f 
r i f l i n g  a5 t h e  X-ordinate rmnd t h e  loss o f  muzzle ve loc i ty  as t h e  Y-or-
dinate .  The use of t n i s  chart i s  applicable t o  weapons t h a t  develop 
an appreciable lo s s  of mczzle v e l o c i t y  as t h e  tube wears, such as t h e  
+inch Gun, M-7, 90mm AA, Tmk and Anti-Tank ~ u n ;155m Guns, M-1 and 
M-2; %inch G u n ,  M-1, a n d  .Z@" Howitzer, Lf-1. A s  a r e s u l t  of  p e r j o d l c  
checks of muzzle v e l o c i t i e s  and comparison with wear messurements taken 
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with  t h e  pullover gsge, it C M  be determined whether t h e  tube is  wearing 
i n  ii normal manner, I n  t h e  approximately normal case, f requent  visual 
inspect ions should be made as  t h e  bore diameter approaches t he  condemn-
i n g  l i m i t .  A t  t h i s  t ime t h e  tube  ;nay be  condemned whenever t h e  a r t i l l e -  
r y  inspcctor  t h h k s  advisable ,  a f t e r  due consideration of a v a i l a b i l i t y  
of replacement tubes and time. When the re la t ionship  betwecn wem and 
muzzle v e l o c i t y  i s  n o t  approximately normal, t h e  a r t i l l e r y  inspec tor  
must be guided by his experience i n  determining the condemning limit. 

13. Percent-Wear Chart. An example i s  Yhown in Appendix 14. The 
char t  shows v e r t i c a l  bare diameters taken a t  t h e  commencement of r i f l i n g  
c s  t h e  Y-ordinate and Fercent .of,remaining tube l i f e  as t h e  X-ordinate. 
The use of t h i s  char t  i s  applicahle t o  weapons t h a t  do not  develop an 
appreciable  l o s s  of muzzle v e l o c i t y  cs  t h e  tube wears, such as t h e  lO5m 
Iiowitaer of a l l  types; 155m Howitzers, El-1 and Yi2; b.5 inch Gun ;  and 8 
inch F:oviitzer, Id-1. As t h e  tube  spproaches t h e  ccndeming l i m i t ,  as 
determined by measurements w i t h  t h e  p u l l m e r  &lee, it i s  subjected t o  
f requent  c lose  scru t iny  t o  de tec t  any defects  t h a t  impair i t s  usefulness .  
The a r t i l l e r y  inspec tor  may condemn t h e  tube i,t any tine he deems sdvis-
ab le  a f t e r  due considerAion of avail.sbility of replacement tubes  and time 
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SECTION 1 

CONCLUSIONS 


14. Methods used &urinR t h e  European Cawaign. 8 .  no method used  f o r  
cijni!emning a r t i l l e r y  tubes  during t h e  " q x m  Caqaign was e n t i r e l y  
sa t i s fac tory .  

b. The q u e n t i t i e s  of 37m Guns,  40m Guns, 57.m Guns, 751~1-1Hovr-

. i t z e r s  and Guns, and 105mm Howitzers of d1 models, present  i n  a f i e l d  

amy, togother  with t h e i r  r e l a t i v e  low c o s t ,  ecse of maridacture, snd 

ready a v a i l a b i l i t y  of re;llzceinents, rendered condemnation on t h e  b a s i s  

of exiJected tube l i f e ,  o r  visual  inspect ian by D qual i f ied  a r t i l l e r y  

i n s p c t i i r ,  reaasonnablyeconomicd m d  y a c t i c z l .  


15. B r t i l l e r y  Tubes and Par t s .  ii shortage of re&cemennt a r t i l - 

lery tubes i r n i i  lJ? . r tS  exis t&& throughout t h e  cam;.:aign. E s i ~ e c i a l l y  a c u t e  

was the  lack  o f  rqjlacement tubes  md a l l i e d  par t s  f o r  t h e  105m Howit-

z e r  M2 and M3. 


16. Relationshi;, between tube wear and serv iceabi l i ty .  The 

r c l z t i n n s h i p  between tube  near and s e r v i c e a b i l i t y  of t h e  tube i s  s c u d ,  

and, when combineci viir;h v isua l  inspect ion by a qua l i f ied  a r t i l l e ry  

inspec tor ,  forms s u f f i c i e n t  bas i s  f o r  condemnation i n  t h e  case of  9 O m  

G u n s ,  4.5 i n c h  Guns, 155" Howitzers and Guns, 8 inch Howitzers and 

Guis, ;and 2L+OmiHowitzers. 


17. The Pull-Over Gwe. The pull-over gage i s  s u f f i c i e n t l y  accura te  
ond rugged t o  c o n s t i t u t e '  a p r a c t i c a l  instrument f o r  f i e l d  use and should 
be  pmvided t u  b a l l i s t i c  technica l  research detachments and Ordnance 
mzintenmce compnies  responsible  f o r  t h e  maintenance of a r t i l l e r y .  

16. A r t i l l e r y  Inspectors .  

a. A r t i l l e r y  Maintenance Off icers  were not  well quaiifitd t o  
perform t n c i r  d u t i e s  mcl had only a s u p e r f i c i a l  knowledge of t h e  perform- 
,mce and defects  i n  tubes  r e s u l t i n g  from yolongcd  artillery f i r e .  

b. The document l%valuation o f  Erosion of Camon 6ores"  pub-
l i s h e d  by the Office,  ChiEf of Ordnance, is . s3und, but a r r ived  i n  t h e  
European Theater too  l a t e  t o  inf luence  t h e  methods used i n  condemning 
a r t i l l e r y  tubes. Alao,  t h e  equkpnmt necessary t o  implement t h e  d o c t r i n e  
out l ined  therein w i ~ sno t  avai lable .  

19. B a l l i s t i c  and Technical Service Detachments. The func t ion  of 
b a l l i s t i c  en2 t e c h n i c a l  se rv ice  cietachtxents i s  t o  furn ish  a r t i l l e r y  com-
manders with r e l a t i v e  muzzle v e l o c i t i e s  ~f individual  a r t i l l e r y  p i e c e s  
i n  order t h a t  t h e s e  my be regrouped by firing b a t t e r i e s  t o  give more 
accurate  r e s u l t s .  A s  a c s r o l l a r y  of this study, recommendations on t h e  
personnel and equipment of b a l l i s t i c  and technica l  se rv ice  detachments 
are attached hereto, marked 'Appendix 15. 

20. hleasurements. The condi t ion o f  a r t i l l e r y  tubes of 90m G u s ,  
4.5 inch G u s ,  155mni Howitzers and Guns, 8 inch Hovritzers and Guns and 
2bOm1 Howitzers should be $arefu l ly  observed t o  cletermine 'if t h e  wear 
i s  apprcximately n o r m l .  Ivleasurements should be taken E t  2%, 50%, o.1~1 
75% of expected tube l i f e ,  and compared w i t h  r e l a t i v e  muzzle v e l o c i t i e s  
i n  ap9l icable  cases. 
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21. A Proposed Solution. A solut ion such as might be adopted by 
a f i e l d  arm is attached hereto, " k e d  Appandix 16. 

SECTION 2 


B a s i s  f o r  Condemnation of Ar t i l l e ry  Tubes. 

a. Recomnd that the basis  f o r  condemnation o f  tubes o f
37m Gunsr 40m Guns, 57" Guns, 7 ~ mHo;ritzers and Guns, and iO$rn 
Howitzers of S l l  models be the  expected tube l i f e ,  when gun baoks a r e  
ava i lab le .  "hen gun books a r e  not available, then condemnation should 
be on the  b a s i s  of visual  inspection by a qual i f ied a r t i l l e r y  inspoctor .  

b. Recomnd that  the basis  f o r  condemnation of tubes of 
90" Gcns, 4.5 inch Guns, 155mHori tzers  2nd Cum. 8 inch Hoaitzers 
and Guns. and 240m Iiovritaers be establ ished as the r e l a t i o n s h i p  between 
bore measuremnts takzn as described horain, m l a t i v e  ~ Z Z ve loc i t i e s~ E 

i n  appl icablo  cases, and expected tube l i f e ;  a13 combined w i t h  v i s u a l  
i n s p e c t i m .  

23.  Pull-over CraRes. Recomend that  pull-over gages be mds avai l -
abla  t o  b a l l i s t i c  and technical research dotachments and Crdnance min-
tenance companies charged with maintaining a r t i l l e r y ,  a n t i - a i r c r a f t  an3 
almor. 

24. A r t i l l e r y  Inspectors. Recomend tha t  the Ordnance Dapartmnt  
rcvisa  and increase the coume of' ins tmct ion  given a r t i l l e r y  mintenance  
o f f i c e r s  t o  prcvide personnel a d e n p t e l y  trainad t o  perform t ha i r  d u t i e s  
i n  coinbat. 

25. B a l l i s t i c a n d t a c h m e n t s .  Recomnd that 
ba1, l i s t ic  and technical service d~tachm3ntsbe made a v a i l  ?bl e t o  f ia 'd  
a r d o s  cn the basis  of  one psr  corps and one addi t ional  p e r  aw. Fur thar  
mre, rocom.end that the tables of organization of h s l l i s t i c  and technica l  
sL"ic.3 detachments b e  revised by appropriate agencies of t h e  '13r Depcrt-
Dent. 

26 .  A r t i l l e r y  Tubes and Par t s ,  Wcomend t h a t  the pmcuram:nt of 
raplacum?nt s r t i l l e i y  tubes and a l l ied  par ts  ba based upan and phssed with 
ammunition s m c u r e m n t  and shipped t o  the t h a t o r  on the st" b a s i s .  Only 
in t h i s  vray can an adequate supply of replacamnt  tubes and p a r t s  be as-
sured i n  t h e  theater .  
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NPPENDIX NUMBER 1 

Remarks of: Lieutenant Colonel k.  H. Trammell, Ordnance Eepartment 
Chief o f  heapons Division, Ordnance Service,  Cor;nuni-
C a t i O h S  Zone, throughout t h e  European Canipaign, 

CONIjEiNATI3N OF ARTILLFXY TUBES 

1. From experience gained in the European Campaign i r ,  i s  
evident t h 3 t  no prac t ica l  method of condelming a n i l l e r j .  canncn 

upon sxpirat isn o f  effect ive l i f e  was avai lable .  Several  methods 

were employed: 


a. CO~SUmptiOn of an arb i t ra ry  number of rounds ( t o t a l 

and/or equivalent f u l l  charges). This method o f f e r s  es i t s  chief 

ndvanta.ge i t s  ease of application. From information r e r d i l y  

tv&.lable from the gun book, nn i"edic,te decision could be mzde 
 . 
as t o  t h e  necessity of repl.?.cenent. On the other  h a d  i t  must 
s u f f e r  from severr.1 dis:&:nt:.gcs, These cre: 

The mmy veriebles  which a f fec t  t h e  e f f e c t i v e  
l i f e  of cmnoii including service of t h e  piece, 
m i n t e n a c e ,  .md ra te  of f i r e ,  t o  mention but 
a few, result i n  s m e  c m o n  being ef fec t ive ly  
employed f o r  E t  l e a s t  twice the number of 
rounds BS some other cmnon *which were s u b  
jec t  t o  higher r c t e s  of f i r e  md poor mainte-
nmce.  I t  i s  qui te  evident f r o m  t h i s  tha t  an 
average f igure must be a r b i t r a r i l y  d e s i g x t e d  
which would necessi tz te  t h e  condemnstion of 
some weapons with considerable remaining l i f e  
and at  the snmatime continue in service some 
weapons which f o r  economic and t z c t i c r i  reasons 
should be replaced. 

The esteblishment of z r b i t m q j  l i f e  f igure must 
necesser i ly  be done under control led conditions 
where actual  f i r i n g  r e s u l t s  can be obtained sa 
tha t  t h e  point of redilizn-tion of e f fec t ive  ~ c m -
rccy l i f i :  c m  be discerned. This  c-l l ls  f o r  ex-
tens ive  f i r i n g  of weapons under proving ground 
ccnditions which, f o r  remons of economics 2nd 
t h e ,  must necesser i ly  represent very  fcw can-
non. S t  obvj.ously also camot  t 2 . h  i n t o  consi-
deration a l l  of  the  f c c t a r s  which, under f i e l d  
conditions, a f fec t  t h e  l i f e  of C a t "  

For these reasons, chiefly, a d  due t o  sevr.r?l other 
contr ibut ing factors, it i s  obvious th2.t such e method of conden- 
net ion,  regardloss of e:se of epplication, r e s u l t s  i n  very uneco- 
nomicrl usage. of w m o n  tubes and omunition. I t  is  ho im,  of 
course, tha t  t h i s  method has bccn employed f o r  some t ime by t h e  
United Stntes  Na,vy hut hero the t r c t i c b l  P%t2tiOnS of supply
during operctions j u s t i f i e s  the meconomic repkcement of tubes 
a t  a comparatively e a r l y  stage of l i f e .  

b. 3bsem.?tion of Actual Firing. This i s  probably the  
bes t  method of a l l  in t h a t  it usis 7.s i t s  determining f i c t o r  the  
actual. perforxance of t h e  wefipans ( t h s t  i s  t h e  de l ivery  of missiles 
a t  .the tCrrgc.t) which, a f t e r  a l l ,  i s  the  primary purpose of the 
, , ~ ~ a p o ~ ~ .There are many d i f f i c u l t i e s  which mnde Such t € S t s  imprx-

The most se r ious  oft i c a l ,  however, under comb,:.t conditions. 
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these  l i m i t a t i o n s  are: 

Lack of e f f i c i e n t  observztion. Very selaom i n  
co3ba.t oper.a.tions i s  it possible t o  have f l a n k  
observation of such charncter as t o  insure  t h e  
a c t c a l  impact of each of the t e s t  rounds. This  
i s  f u r t h e r  ctggrwvited by inclcment we=thtr mid 
t h e  f c c t  t h a t  a considerrble portion of corps  
2nd a m y  a r t i l l e r y  r e l y  upon a i r  observntion 
which a t  best  can be bdc an approrAm:-.tion. 
Since the  a c t u a l  cohdomnation w i l l  probably bz 
made on the b a s i s  of multiples of probabble cr-
rors  	of the  f i r i n g  t&lc,  t h i s ,  i n  m a y  ccseo', 
mems t h a t  observation must be ;:ccur.?.te t o  w i t h -
i n  25 t o  50 ,yards i n  many cases whioh i s  n o t  
t o  be e T e c t e d  f rom types of observction men-
t ioncd above. 

(2) 	 bietero~.ogic~i lbats. Very cf tcn under combat 
condttions metro dnta must oc: obt,?.incd i7.t fair-
l y  rimote I .oc.~t icnsand must sometimes be used 
some hcurs n f t s r  t,he data IVGS recorded. ithere-
as t h i s  would not necossarily d f o c t  dispers ion 
of a number of rounds f i r e d  i n  e. shor t  time, it 
might c loar ly  a f fec t  ronge whlch i n  cases  of 
some weapons may bo t h e  determining f a c t o r .  

c. Use of Cal ibmtion Teams ( B a l l i s t i c s  m d  Technical 
Semice  Detichments, T/O & E 9-500). The use of c C i b r a t i o n  teams 
t o  condemn weapons i s  of consider:tble v:,lue i n  , t h d  t h e  muzzle ve- 
l o c i t i e s  of t h e  weapons can be enz i ly  md accurnti ly determined, 
which after all should r e f l e c t  t h e  performance of t h e  cannon. The 
dispers ion i n  muzzle v e l o c i t i e s  of a group of rounds c w l d  readi ly  
be in te rpre ted  i n t o  mult iples  of f i r i n g  tab le  probcble e r r o r s  f o r  
condemwtion purposiis. Thkse t w m s  c c n  ,it the  sane time f u r n i s h  
t h e  ba t te ry  comnctnder n i  th coinwrettivo nluezlc v e l o c i t i e s  of w e q -

within a bat te ry  or L b;Lttslion which can bo put t o  good t&c-
t i c a l  use. Under optinnun conditions, when one lo; of ammunition 
can be reserved f o r  f u t u r e  use of tho cal ibrat ion teams, stxidmd 
c a l i b r a t i o n  could be obtained which would bo of even gro,&er vaiue 
i f  along w?th it t h e  tern could furn ish  l l t ierrge muzzle v e l o c i t i e s  
on other  l o t s  of ammunition to be subscqccntly employcd. The use 
of ca l ibra t ion  t m m s  f o r  t h i s  purpose has, however, t h s  fol lowing 
disadvantages: 

(1) Under some conditions of te r ra in  cmd cover i m -
posed by combat conditions it i s  d i f f i c u l t  t o  
employ ca l ibra t ion  teams in  t h e  l i n e  viithout di5- 
c losing gun posi t ions,  This i s  f u r t h e r  rggrma-
t e d  by t h e  f a c t  t h t t  f i r i n g  f rom t h e  b a t t e r y  must 
be determined by t r c t i c a l  conditions which of ten 
r e s u l t s  i n  t h e  terns i n r c t i v i t y  f o r  2 long period. 
On t h e  other  hmd t c c t i c s 1 , c m d i t i o n s  of ten  m i l i -
t z t e  :!.gtiinst withdrxvml of z r t i l l e r y  u n i t s  f o r  
ca l ibra t ion  purposes, 

( 2 )  	 Quite  obviously where celibrckion team i s  c - l l e d  . 
upon t o  cover a consicjernble number of wecpons 
( f o r  exmple thoso of m ent i re  army) it i s  q u i t e  
possible  t h a t  t h e  c i l ib rz t ion  t e m  ; v i 1 1  be somo 
distance away f rom the  queation5ble weapon when 
repl:,cement secms t o  be indicated. 11't h e  t e m  i s  
dispEtched on such a. program it i s  evident t h a t  
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nei ther  could they be a t  t h e  s i te  of every ques-
t ionable weyon n t  t he  desired time nor  c o u l d  
they f u l f i l l  t h e i r  equalby important mission of 
furnishing muzzle velocity data t o  t h e  e w  ~ r -
t i l l e v  Units s ince  they would be expending too 
greet a percentage o f  time t r w e l i n g  from one 
posit ion t o  mother. 

rom the  foregoing i t  i s  evident that. no system used i n  
er wcs completely sztisfactory.  Each h:,s i t s  
knprx t i cab i l i t i e s .  None i s  f ree  from compromise. 

In t h s  belief t h a t  t h e  best  2pproech t o  t h e  p r o b l m  must 
admit some compromise, i n  order t o  achieve s impl ic i ty  a d  uriivtr-

s r - l i t y  of zpplic:tion, t c s t s  hwe  been conducted zt Aberdeen Prov- 

i n g  Ground which show conclusively t h z t  there i s  z d e f i n i t e  rela-

tionshlp between wm a t  or ncdr t h e  o r i g i n  of r i f l i ng  %d effeo-

t i v c  l i f e  of tha  ccnnon. Effective l i f e  cln be d e f k e d  T.S t h e  mxi-
rum numbcr of rounds which  e m  be delivered t o  the t e r g e t  cret by 
t h e  cannon wLthout encountering excessive compromise with the  t.x-
t i c a l  employment of thc weapon (i .e.  fa i lure  of t h e  wecpon t o  eca-
nomic3.lly f u l f i l l  i t s  mission). I n  some nmpons t h i s  po in t  is re-
presented by excessive l o s s  of muzzle ve loc i t i e s  result7lng i n  lcck  
of g e n e t r d i o n  (t:nk 2nd mti-tank weapons), I n  o thers  excessive 
c i spers icn ,  with s.ttend,mt exorbitant consumption of m u n i t i o n  t o  
nccompliah 2. given mission, deternines t h i s  point. Using the.d.:ta 
obtained from the  Aberdeen t c s t s  it i s  quite simplt t o  employ a 
BUitfible g x g e  i n  wch questionable Yie3gon vhich w i l l  show the 
vicar a t  tho criticc.1 point ( t h i s  point will vary depending upm 
indiviclucl chsxrcterist ics of the weapon) which when the nezr cor-
responding t o  end of effective l i f e  hes  been determined from ex-
perience,  cm be used t o  immedi;t c ly  mndem cmnon o r  es t imstc  
remaining l i f e ,  Tb.is g"e i f  made x a i l a b l e  t o  b s t t e r y  pcrsonnel 
could P ~ S Obe usEd t o  spproxim-.te l o s s  in muszle v e l o c i t i s s  ba-
twcen instrwnsntcl calibration f o r  the i n f o m t i o n  of f i r e  direct-
ing  personnil. 

It is recommended i n  order t o  e f fec t ive ly  employ t h i s  
certain a rb i t ra ry  points in the l i f e  of t h c  w r i o u s  wenpons 
. 

gauge,
must be cstahlishec,. As poir,ted out above this point nilg be deter-
ninod by loss  of muzzle velocity o r  excessive dispersion depending 
upon t h e  par t icu lar  weapon. It is suggested th:k these figures 
(poin ts )  he given considerrtion by the  using erms a d  i f  ngrrezble
with a l l  cuncsmed, !hct they be est:.:.blished cs c r i t i c c l  po in ts  of 
l i f e  f o r  which correlrted wecr ncasurtments c,X!be dettc-rnincd. 
€Izving t h i s  information, it will be v w y  simple t o  employ t h s  
lGood/No-Goodll gage  i n  condemning C r n n O n .  

Hccomend::tions: 

It i s  recomsnded tha t :  

boilrd of officers with repxsent2tiVes from t h c(1) 
Armored Fopce, Field Arti l lery,  Anti-Aircrdt A r t i l -
l e ry  (cnc) md t h s  Ordnmce Department bc sppointed 
t o  det,crrrAhe: 

cisc of tmk end m t i - t m k  weapons, t he  mini- (.) - acceptable armor penet.r>king perfornzncs z t  
rmnges of 300, 500, 1000, m d  2003 yards from 
n,hich c,?n be derived the m a d l l n u n  ~.1loW2ble1.0SS 

of muzzle r e l o c i t y  pr ior  t o  condemalion. 
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(2.). 

( 3 )  

(4) 


In  t h e  case of F ie ld  A r t i l l e r y  weapons, t h e  
maximum dispers ion ( i n  terms of f i r i n g  t a b l e  
probable e r r o r ) ,  or the  maxir.um loss of r a n g e  
(loss of nuzz le  veloci ty)  , f o r  each weapon, 
from vrhich can be determined t h e  p o i n t  cn t h e  
l i f e  curve xhere condemnation should occur .  

I n  t h e  case of a n t i - a i r c r a f t  a r t i l l e r y ,  t h e  
maximum loss  in  rruzzle v e l o c i t y  comnensurate 
with accomplishment of mission. (It i s  be-
l ieved  t h a t  t h i s  point p i i l l  be incurred prior 
t o  se r ious  d ispers ion) ,  

The wear a t  or near the o r i g i n  of  r i f l i n g :  i n  
each of t h e  wapons covered above correspond- 
ing  t o  t h e  point  i n  l i f e  ind ica ted  as being 
determinat ive i n  ( a ) ,  ( b ) ,  and ( c )  above. 

A s u i t a b l e  kauge (pullover type or s i m i l a r )  be d e -  
veloped and procured f o r  i s s u e  t o  Ordnance main- 
tenance companies t o  be used i n  condemnation under 
provis ions  of the s tandards es teb l i shed  i n  (1)
above end f o r  in fxmat ion  t o  t h e  cs ing  arm t o  cs-
t i m a t e  muzzle ve loc i ty  changes b e t m e n  p e r i o d i c  
in3tr;unental ca l lbra t ions  . 
V e l o c i t y  c a l i b r a t i o n  teams ( B a l l i s t i c s  & Technical  
Bervice Detachments, T/O SS E 9-500) be equipped, 
t r a i n e d  and assigned on t h e  b a s i s  of one p e r  army 
( o r  sspara te  corps) s o  organized and equipped as t o  
be ab le  t o  c a l i b r a t e  a l l  major c a l i b e r  f i e l d  arid 
a n t i - a i r c r a f t  a r t i l l e r y  a t  per iods not  t o  exceed 
l / 4  of t h e  l i f e  of resgec t ive  :jeapons. (Note: 
The p r e s e n t l y  organized t e m s  e r e  capable  of cal-
i b r e t i n g  a r t i l l e r y  6 t  the averabe r a t e  of approx- 
imately Z/3 b a t t a l i o n  per  dzy, t s k i n g  i n t o  con- 
s i d e r a t i o n  mwement , t a c t i c a l  l i m i t a t i o n s  and 
inc lenent  weather), 

T r a i n k g  of al l  ordneiice maintenance personnel ,  
c a l i b r a t i o n  team personnel and poss ib ly  b a t t e r y  
mechanics t o  include complete coverage of a l l  
f a c t o r s  lead ing  t o  csndemnation of cannan such 
a8 bore m a r ,  physical damage and t i e  l i k e  and 
tha t  concise  a ta ta ren ts  of condemning f a c t o r s  
be included i n  l O C 0  s e r i e s  technical  manuals. 
Bnphasis should be placed on lznd s t r i p p i n g ,  or 
other  bore i r r e g u l a r i t i e s  (some of ,i!hich a r e  
r e p s i r s b l s  i n  t he  f i e l d )  and i n  general  t o  a i l  
poin ts  which can be remwed from t h e  realm of 
I'judgementlt and recorded a s  s c i e n t i f i c  d a t a .  
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HEAbUAFlTWS 

G R D N A K ~ E  SEEVICE 


FIRST IINITED STATES AW 


26 3ctober 1944 

ORDiU'ANCE BULLETIX) 

IiWi3FnW 57j 
COKDWATION OF MAJOR CALIBER GUN TUBES 

1. Major ca l iber  gun tubes of F i r s t  Arnly w i l l  be condemned 03 the  
bas i s  of f a i r  wear and t e a r  in accordance with the  following s tandards:  

a. Resul ts  of a p r a c t i c a l  f i r i n g  cal ibrat ion t e s t  as out l ined  
in Inclosure No. 1. 

b. Resul ts  of v e l o c i t y  Cali-bration performed by t h e  6821st 
Cal ibrzt ion Tem. 

c. Approval o f  the Kaintenancc Officer, Erst  Army Ordnanco 
Sect ion.  

2. Tubes w i l l  n e t  be  condemned by visual  inspection alone unless 
unquestionably damaged by enemy ac t ion  cr other means. \W.pons of h igher  
c a l i b e r  w i l l  dcvclop considera'& erosion from thc forcing cono forward 
s t m t i n g  at, 9 o'clock and continuing clocltwisc wound t h  tubo. This  w i l l  
reach n po in t  whcx dnyl lght  cm be seen aroui,ri thd p r o j c c t i l c  n l t c r  it is 
rammed. This condition w i l l  bii considzrcd c r i t i c a l  only whiliori a l o ~ sof 
muzzle vs1oci;y occurs s u f f i c i o n t  t o  c.%us3 dispcrsipn (mrc t h a n  four  
probabls  e r ro r s )  or when tho piece can no l o c g w  be used t a c t i c a l l y  bccause 
of sha rtened rnngc. 

3. No tubcs wi ; . l  ba ccndcmncd on the bcsls of numbcr of rounds 
f i r c d .  i " i r t i l 1 o r y  u n i t s  w i l l  be informed thnt  ostim.itttd tube l i f c  mprcssed 
i n  number of rounds i s  quo ted  f a r  supply  pl-.nning purposes only and w i l l  
not. i?;ovorn o r  inllucnce r6pi;:cumont. 

4. Ucfors major .cal iber  a r t i l l c r y  tubes w i l l  be Illoc'lted f o r  
r o p l x c m n t ,  p e r f o r m m e  t e s t s  a outl inbd i n  Inclosure No. 1w i l l  bo 
complLtcd. O n t  copy will bc forwnrdod t o  t h e  ldaj.ntmmce Officcr, 
HeadqKnrtcrs, F i r s t  US Army Ordnance Officl: f o r  approvzl. 0r.o copy
will bc ?t tnchLd t o  the tubs whsn rep lncmcni  is mode giving the c lc tni ls  
of t h c  t c s t  2nd br ie f  sumniary of Lhu nwnbor of rounds f i r e d  by thr: t u b o  
2nd i;s pcrfoi-mnncr.. Thc sumrnnry w i l l  d s o  includo: 

e. Ovcrhy o f  rounds f i r e d  i n  rclotion t o  t w g c t .  

b. Rmgc .  

c,  Nunher o f  rounds f i r e d  i n  tes t .  

d. Dispersion i n  r e l a t i o n  t o  probnblc! orror l i s t e d  i n  the  
f i r i ng  tab le .  

Ey con".nd of Lieutenant G a u r s 1  HODGIB! 

1 Incl: /s/ J. B. Modaris,
Firing t e s t  of q3cst ionable  /t/ J. B. IdEDi i IS ,  
crtillc: tubcs. Coloncl ,  Ord Dcpt, 

kdnancc O f f i c w .  



/s/ F. A. Hansen,
1 t/ F. A. KfiSEN, 

Colonel ,  ord Z p t ,  
mewtive o f f i ce r .  

DISTAIWTION: 
xa ord GP Hq - 2 
Ea Ord En Hq - 2 
EO Ord CO - 2 

INFO COPISS TO: 
C.O. ndv Sec com z - 1 
Ea orp pa and Dlv 0.0. - 1 
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FIRUJG TEST OF LVSTIONdLE !L?TILLWY TUBES 

1, The procedure of the t e s t  i s  as f ~ > l l c w :  Selact a gun b7hich 
h a s  not f i r e d  3n excessive numbcr of rounds and is funct iming properly.  
F i r e  t h i s  neapcn i n  cmpor i scn  with the  tube t :  be tested.  Bcth guns 
shcu ld  be f i r c d  e t  t he  s m e  t a r g e t  u o h g  the some f i r i n g  data. It i s  
important t h a t  the  s m e  l c t  number cf fuze, powder and thc s m e  se igh t  
prc j e c t i l e  be uscd. Each piece s h c d d  bc f i r ed  individually,  oboerved 
and ce re fu l ly  p l r t t s d  t o  scale  on a mLp. The deciding f ac t - r  of se r -
v i c e a b i l i t y  l i e 3  i n  the  dispers icn of t h e  rcunds in  r e l a t i cn  t o  t h e  
t z r p e t .  It is q J i t e  pr-bable  tha t  the  tuba i n  quect ion liill f i r e  o h r r t  
of  t he  t a r g e t ,  but i f  t h e  rounds f i r c d  a re  vel1 gi'?uped i i i thin the  limits 
G f  f c u r  prcbable a r o r s ,  t h e  tube can c rn t inue  tc be f i r ed  u n t i l  i t  is 
imccot ibls  tc  reGch l;he t a r g e t s  required in i t s  t ac t i ca l  employment. ma-
quent thr-Ring cf r o t o t i n g  bando precedes e r r a t i c  r unds and Khen t h e  po in t  
is reeched v<here 50% (.f t h e  r w l d s  f i r e d  have Gtripped bonds, a service-
a b i l i t y  t e s t  Gh.u l d  Se c,?nducte3. 

2.  s h r m  by t h e  ottcched overlay,  tubso 1.~0.7 2 6 ,  703 and 717 o f  
t h e  0 9 Y  F i e l d  i i r t i l l e r y  E a t t a l i x ,  xhich incidcntally have the  highont 
nui:ibLr of rnunds f i r e d  i c  F ~ I Y ~  are  s t i l l  functicning Army i f l t i l l e r y ,  
o a t i s f a c t c r i l y .  Thc fircup' art ne11 within t h e  prcbahlc error l i s t e d  i n  
the  F i r inb  Tables. Tht  1:n;y d i f fe rence  i n  thc ncx  end o l d  tube i s  the  
lcss of Epprcximately T O O  ycrdo of range. This dc,es not a f f ec t  t ho  normal 
emplcyment of t he  weapon as it i s  extremely unusuell iThen maxhum rtn&,c is 
nceded. Tube NC. 717 dcea no t  f a l l  s h ~ r t  t;y comperative f i r i n g .  Given 
b e l c n  is r, tabu1ctic.n of t h e  nunbt-r of rounds f i r ed  on the  tubes tit the  
time of' t he  t e a t .  

TLtbc No.  Rounds F i red  

3. Thc apponrancre of these tubos ind ica te  considerable wear fran 
t h e  forc ing  ccne f o r w r d  fcr 8 t o  1 2  inches, betaeen 9 an8 3 o'clock. Af to r  
t h e  p r o j e c t i l e  i s  ranmod, i t  i 3  poss ib le  tc-, s e e  daylight thrrugh the tube .  
Dur ing  , thc  test  nQ rotqtinE. .ban.ds..w.re tbromn, but g ,waa . r~ ;gc . r teQ. . ,~~ .~~.e
bntkery. r;nat*' Zfib m:an"oWfbpTd dccusi?niTly during Ti&&. 

4. The abcve is quoted as an exampla o f  an nctaul experiment and can 
be canoidercd normal. 

mclosure NO. 1 - 3  -
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HEAIQUARTEELS 
COMMJNICATJCNS ZONE, ETOUSA 

OFFICE OF THE CHIEF 03IINANCE; OFFICm 
APO 687 

7 December 194 

ICnNI)EMNATI@N AND DISFOSITIMI OF ARTILLERY TirBES 

Rescission 1 . . , . , . . . , , Section r 
Condemnation of G u n  Tubes . , . . , Section 11 

SECTION I - RSCISSICN 

1. Ordnance C f f  ice Memorondm No 12,  this headquarters, dated 

6 July 19itL1, is herehy rescinded, 


1, I n  order  t o  provide a uniform n:ei;hod of condemning gun tubes, 
and t o  insure  t h a t  the  fd.1 accuracy l i r e  of each tube has expired before 
replacementz, i h e  followin,: procedure will govsm the ccndemnation of & 
a r t i l l e r y  tubes i n  t h i s  theater :  

a. Visual ins3ection: 

(1) Fxperience has proved t h a t  erosion of t h e  forcing cone, 
t?nd wear o f  t h e  r i f l i n g  aro not ,  i n  themsalvas, suf f ic -
i en t  grounds f o r  cozdemnation, Erosion i n  weapons of 
k c h e r  ca1iber.wiI.l u s u a l b  s t a r t  a t  9 o'clock, and, 
continuing forward, develop clockwise arcuiid the tube 
n n t i l  day1 h t  cm be seen around the p r o j e c t i l e  a f t e r  
it i:; ram%. T h i s  condition will not  be considered 
cr i t j .cnl  unless dispersion of t h e  rcunds in r e l a t i o n  t o  
thc t x g e t  i s  g x a t e r  than t h a t  specif ied by t h e  f i r i n g  
table. 


( 2 )  	Pastillcs, scratches, brulses, p i t s ,  etc.,  have l i t t l e  
or no ofi'ect on the accuracy of the weapon, and such 
defects  w i l l  no t  be considered 2s conclusiye evideiice 
of an unserviceable tube. 

( 3 )  	mbes w i l i  not be condemned on number of rounds f i red.  
A r t i l l e r y  units w i l l  be informed t h a t  estimated tube 
l i f e ,  expressed i n  number of rounds, i s  quoted for  
supply planning purposes ot& and will  noL govern or 
influence replacement, 

Condemnation by v isua l  inspection W i l l  be made only(4) 

wknn tubes a re  so obviously damaged by eneniy ac t ion  
or other mews t h t l t  a l l  question of doubt i s  removed. 

b. Sbrv icsabi l i ty  Test: 

(1) 	 Tubes will be tes ted  f o r  serviceabi l i ty  whcn loss of 
range resul t ing from loss of muzzle ve loc i ty  prmrents 
t a c t i c a l  einploynent of the  weapon, o r  when dispersion 
exceeds probable error  specif ied by the  f ir ing t a b l e ,  
Str ipping of an abnormal percentage of r o t a t i n g  bands 
usually precedes excessive dispersion, 
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(2 )  	 F i r e  t h c  tube t o  be t e s t e d  a t  a known t a r g e t ,  Use t h e  
same pawder chwge, same lot number of f u z e  and projcc-  
t i l e s  3f i d e n t i c a l  weight throughout t h e  t e s t .  A t  least 
one warming round and f i v e  t e s t  rounds should be firoa. 
The r e s u l t s  of the  t e s t  f i r e  w i l l  be  observed arid care-
fully p l o t t e d  t o  s c a l e  on  a map, If possible  t t a  doubt- 
f u l  tube should be f i r e d  in comparison with a tube of 
unques tioncd accuracy, 

(3) 	 The deciding f a c t o r  of  se rv iceabi l i ty  l i e s  in dispers ion  
of  t h e  rounds i n  r e l a t i o n  t o  t he  target. The tLbc in 
ques t ion  may f i r e  s h o r t  of the ta rge t ,  b u t  i f  t h e  rounds 
f i r e d  are with in  thc l i m i t s  of' f o u r  probablc errors ,  tha 
tube will be continued i n  service,  

( 4 )  	Resul t s  of t h r ,  t e s t  will be recorded along with recom-
mendation and submitted t o  t h e  Army Maintenance Officer.  
Bpprovval. of t h e  Ariny Maintenance Officer will.. bo r equ i r ed  
on a l l  r e s u l t i n g  reques.cs for rcplaccment tubes,  This 
rLport  will include:  

Overlay of rounds f i r e d  i n  re la t ior-  t o  ta rgot .( a )
( b )  	 Range.

Number of rounds f i r e d  i n  t e s t .  

Dispersion i n  r e l a t i o n  t o  probable e r r o r s  l i s t a d  


( c )  
(d)  


in f i r i n g  tables,  


(5) 	Icen possible  a Volocity Calibration Test w i l l  be made 
i n  conjunction with the serv iceabi l i ty  t e s t  on all major

' 

ca l ibe r  tubes (4.511and lorgor)  plus thc 9@intnAA G u n  
tubes ,  and the  ropor t  of t h i s  t e s t  subndtted srith t h e  
s c r v i c c a b i l i t y  t e s t  reports.  

+f * 	 + i t  
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Following is Extract of Suction 11,Mmorandum Number 11.4,Hend-
quarters Nin th  Unitod States  ArNv, dated l/+November 1944: 

i$ -.I Tr )i +$ +$ 

1. Before major cn l ibo r  a r t i l l c r y  tubes w i l l  be considered f o r  re-
placement, performance tes t s  w i l l  be conducted by thc using u n i t  in the 
fallowing manner: 

a, A m i n i m u m  of six rounds vdll be f i r ed  from the  p i c c e  t o  b e  
t c s t e d  using t h e  s a m  def lec t ion  s e t t i n g  End t h e  same quadrant cLcvaiion, 
Lot numbers o f  each comporient o f  conipl-zte rounds w i l l  be thL siil;.~if o r  each 
round f i r e d ,  B i l a t e ra l  observation will be ncceasary 30 thcL ~ 1 1 0p o i n t  of' 
impact 05 c..ech ro-md can be p lo t t ed  nccurntcly t o  scalo,  

b, This  overlay of rounds f i r d  i n  relaiiori t o  tnrgcjt, L o g e t h e r  
wi th  the FanEc and numbcr m d  typo o f  rounds f i red i n  t hc  .t& f o r  oach 
weapon, xi11 be ,forwarded t o  the  Army Ordnmcc hi12izitenai~e OIL'icar, 

2. :hen  a tube  is determined t o  be unmrviceable  as a r c s u l t  of  this 
test, a'replacement will be authorieed t h e  using unit  by thu Army Ordnanca 
Officer ,  

x. $k $C 3i di 
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Extracts of Accurxy of Pr tdicted Fire,  Royd Zmndim ,krqy, I G  Draft 
108, J?nunr,y 1945. 

18. B u n  i n  Eur0pw.n conditions thc. location of targLtS w i l l  g t n w n l l y
involvL th= use of m?.ps. For u~ninple i f  t h L  iastings . a d  northings of en 
enmy b-rtttry '?rL obt:.lncd by f l z sh  spotting, the height w i l l  normally
hmve t o  bc read from tht; m p .  Only whsn targets fire i n  v i w  f r ' m  ground 
CPs can thLy bc completcly fixed by survcy methods. 

&st ings and northings. 

19. Very ofton thc location of t.argcts ~511dcpmd entirLljr on m'lps,  
possibly nided by v e r t i c n l  a i r  photographs. Until revviscd 'by ctlricl  sur- 
VOJ, the m p s  of Frnnce wero known t o  be liablL t o  e r r w s  35 grc?t as LOO 
metsrs ovcn i n  thk posi t ion of importwt 13ndmxks such cs crossroids and 
churches. Rclinblc 1/25,OOO maps o r  vc r t i ce l  ::ir photogr?.phs ( c o n t r o l l i d
brzsic covor) allow thL dcduction of Lastings and northings to nn nccuracy
of about 25 m b t w s ,  but hcight c m r o t  b e  obtoincd from thc bosic cover. 

Heights. 

20. Hcights cnn 'x obtoinLd from grieded obliquo photogr<-.phs, but 
t h e  mthod h;s not rccoivcd uidL publ.icity m d  th,. on ly  norm.1 mcthod of 
obtaining heights i s  by neans of m p  contours, Zvon tlic rcvised m ~ p sof 
Fr.w.ci! h , ? ~ ebeen o f f i c i a l l y  s to t td  t o  b c  l i a b l i  t o  errors  a s  great 8s 40 
meters i n  height, and much IcrgLr L r r o r s  m7.y bo  asswncd l ike ly  i n  maps o f  
thc For Ecst. 

Flash spotting ?nl. sound r.1npir.R. 

21. When targuts rlsc fixed. by thosc; methods, cn accllrncy is assigncd
t o  the  f ixat ion by t h c  survcy rcgimmt. These nccuriicy f iguras h?.vc: b u n  
found t o  b- re l iab le ,  but  t h o  height of t h L  t c rg t t  i s  s t i l l  subjcct  to 
e r r o r  as described i n  para 18. 

Registmtion by observed f i r e .  

22. The location of a t a rgo t  cnn bc obtainLd from thL gun dc ta  usud 
during a shoot i n  which f i r u  has been adjusted on t o  thi: t x g c t ,  a.g,,
by a i r  O.P., arty,  R., or  sound,rnnging. 3 j . a  n t h a d  i s  s u t j c c t  t o  almost 
a l l  t hu  errors s e t  ou t  in Tcblk  I, and co-ordinctes dc6ucac by t h i s  mthod 
w i l l  h w e  p, e.s of thL order  of nngnLtudt indiw.tcd ir. s e r i a l  22. 

.%IIlIlXlV. 

23 With 12.5 000 maps such as m?,v bL expsctcd on thL contincnt o r  
with coihrolled d a d c  cm-or, thL onstings Cnd northings of o. t t r g c t  w k c h  
can be identified on thc map o r  phocogrph should bo obtaincblo with F.&. 
of 25 meters, giving o p . ~ .in rcnge of 35 metors. similer p.0. would 
apply t o  a f lash spottir,g "Zff locz.tion. figure of 2G motors has been:I 

taken 0.5 an kstimat& of t h e  p,e .  i n  hcighc. The corresponding e r rors  ir, 
range can bb obtained by taking 4 times the figures given in Table 111, 
colms. ( 3 )  and (4 ) .  
* 45 i t  it ?i * +i 3k ii l? 3:- i t  i t  

SECTION 8 - DROOP dN3 J L W  

fr i t  )+ i>Q 'i ii i t  ii -ii ii 

Gun t o  Run var ia t ion of ,jump 

29. Thc rzngo scnles  of sighting systems incorpcrcto an nllowancu 
equal t o  t l i L  range t c b l c  valuc of jump. A similar a l lcmncc i s  mdi:  when 
deducing mgk s of  departure from quadrant elevations curifig c d i b r a t i o n .  
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&tr?c ts  of Accuracy o f  PrLdicted F i x ,  Roy& Cmadian I\".T, I G  Draft 108, 
Jnnu.zry 194: (Cont ldlL 

30. If 2. g ~ n  comt2nnt valuc of  jump whidi happen6 t o  be~ ' L SP. 

always 1-55 t h m  tb.d range tablt :  valuui., a f a l s e  (too low) W w i l l  be 
d o d u c d  n s  thL- r e s u l t  of czl ibrat ion.  Wen a torget  is subsequently 
t.ng?.gcd, ?t th-' rmge used dur ing  cal ibrat ion,  the additional clevntion 
a p p l i ~ din c o n s c q m x e  of t h i s  false W will exactly cancel the def ic iency 
i n  jump. A t  other rangcs, tna compmsation w i l l  not bb exact, a5 is show. 
i n  T3bli IV, x l n s .  (4) and &I&). 

31. In znalysis  of Shooburyntss f i r i n g  t r i a l s  shows a gun t o  gun 
v,-.riation i n  junp with ?. p . e .  o f  2 mins. ThL P.E. of the resulting range 
orrors should th- re forc  be one-fifth of thi;values i n  Tab15 I V  colns. ( 4 )  
?.nd (14). 

TLBLE IV 

The c f f o c t  of-conshnt error in ,jump equal t o  - 10 riLmnb. 

25-pr. chcrRu 3 5 . 5 - h  charp,e 4 
Cclibr,%tion 
r n g u  8,000 yds ll,OCC yds 
Rmge wror 
-..due to  - 10 mins .  -48 yds -59 gds 
Corresponding
Em crror 9.7 f.s. 7.5 f . s .  

elevation on s i a h t s  ekvnt ion on s i g h t s  
(1) (2) (3) ( 4 )  (12) (13) (li)
yds . yds. yds. yds. yds. yds. yds. 

6,000 -59 40 -19 -91 44- -47 
8,000 -48 48 0 -77 51 -26 
10,oco -33 57 24 -67 57 -10 
12,0co -56 62 6 
14,000 -42 68 26 

lix,r t o  dqy vilriation of .jwp 

3%. ;.n analysis of, Shouburynosa :iring t r i a l s  shows c. day t o  day 
vorintion of jump with ia p.c ,  of I min. Tlic p,". of thc  rasul t ing range 
e r r o r  i s ,  thcruforo, one-ter.th o f  t h c  values given i n  Tcbic: N, colns. 
( 2 )  '2nd (12). 

SECTION 9.- ERFIORS W GRL'sD'J:,TIOPI OF SIGHTS 

33. Records have beoc tnkcn ct  S. of A. of  the tcngsnt elevatiam. 
(T.X.) rtcordud on thc T.B. s c a l e  of var ious  sights whcn thu range rcsder 
1s se t  t o  ranges i n  s teps  o f  500 ynrds, with t n c  NIV corrector s c a l e  
readers .? lw,vs  s$t 50 r?.ngo tnbLe  MV, Thasil T.Es. have bcan comp,?red w i t h  
tht T.W. t o  be axpucteL.from thb rmnga tablc ,  duo allowance being made 
for jump end whore necessary for corn,ct ion tornngc  indicator,  Thd r e -
s u l t s  f o r  c ight  25-p'. guns mnd eight 5.5-in guns FII-G s m r i z o d  in Tablu  
I V .  Tht.re was no s ign i f i can t  var ia t ion of the crror 3btwcC.n charges. 

TLBLE V 

Errors i n  graduztion of s i ~ h t 8  


Greatest  e r ro r  .Werage Rbsolutc p.e .  
rccorded v d u c  of errors 

mins . n ~ s  fins.. 
25-pr 14 5.7 11.0 
5.5-in. 22 3 . 3  .-.-___2. E 

- 2 -



=:TION 10.- ERRORS IN SDJUSTKNT OF SIGHTS 

Sights  are teeted a t  an elevation of 20 degrees, m d  with care  
ti,el>ois rAormaon why s ights  should not be within 1minute of t h e  cor rec t  
adj,,st;lent at t h i s  elevation a t  the time of adjustment, 

35. T o h v . "  of 5, 10 and 1 5  mins., respectively, a re  allowed 2 t  

e].cwtions of 10, 30 and 40 degrees and, lioreover, the t e s t s  a t  these  

elevations a r e  required t o  be carr ied out only occasionally, The result 
of  se r iao  of t e s t s  on e ight  25-pr. guns a t  S. of A. showed the  following 
errors a t  10 and 30 degrees, when,exaCt adjustment had been secured a t  20 
degrees. 

TABLE VI 

Ek,rors due t o  t h e  sip.htinp, gear 

F.ovaticn Average absolute p;e. 
v ~ l u oof: errors  

dcgs . mins, m i n s, 

10 3 , 6  3 .1  
30 2.9 2.5 

36, Expcrionce has shown that there  is a very r ea l  danger of t h e  
complicated l inkage of the Probert-sight being thrown o u t  of adjustment 
ns the r e s u l t  of vibration due t o  t rave l l ing  o r  prolonged f i r i n g .  The 
1lqui.ck s igh t  test11 has been introduced as a means of disclosing gross 
error. The t e a 5  i s  simple and m i  be carried out during br ief  pauses
in f i r ing .  A tolerance of 10 mins. is allowed :.t t h e  elevation of 2Q 
degrees, I f  t h i s  tolerance i s  exceeded, the  coi!tplete t e s t  end adjustmmt 
must be c a r r i e d  out. 

Smmarz 

37. A p.e. of 3 mins. has 'been taken i n  Table I as t h e  e r r o r  due to 
adjustment of sights. T h i s  va;lutl assumes tha t  t h e  complete s igh t  test 
hns been car r ied  o u t  and t h a t  there is no orror  a t  20 degrees. 

SXCTICN l l r - LAYERIS SKSTEWiTIC EXROA 

38. An Enalysis of  records kept a t  S, of  A. shows t h a t  the mean of 
a group of lays by one layer  w i l l  d i f f e r  in elevation from t h e  m e a n  of a 
gmup by mothcr  lCyTerr 

The means of 5-lay groups by individual layers were d i s t r i b u t e d  about 
t h e  t rue olevation with a p , e .  of 2 .nins, 

SECTION 1 2,- PROPELLANT VILiUiTION 



Extrac ts  of Accuracy of P w d i c t e d  M r e ,  Royal Canadian Arm, IG Draft 108, 
_.--
I

J u n u ? . e L 5  (Cont Id), 

TABLE u r  
Lot t o  l o t  v a r i a t i o n  of Mv 

G u n 2 5-pr . 5.5- in .  

Charge
L e .  (T.s.) 

2 
2.0 

3 
2.9 

Super
4.7 

2 
1.5 

3 
4.2 

4 
2.6 

Nature t o  n a t i r e  va1-3-

40. Very largc var ia t ions  of  MY have been rsported with new guns,
betweiri cer ta in  dif€cr \ .nt  na turas  of propel lant ,  i n  s p i t o  of t h z  care  
takcn  t o  irisuri: t h a t  aL1 natures  g i v e  thc  same MV i n  new guns, For 
example, OB Proc 28,250 records d i f forences  o f  over 30 f.s, bctween FTjH 
arid c o r d i t c  VhI f o r  7,2-in. howitzers. An Fven more dis turbin d i f fc rence  
i s  recorded i n  OR Prnc 29,526, imnoly a difference of about $0 f.6. 
between Cnnedian and E - i t i s h  proved l o t s  of  cordi te  FN. These l o t s  have 
therefore  t o  be t rea ted  as diPforcnt  natures of propellant. 

41. Thc importance of s o r t i n g  propel lants  by nalures (and i f  p o s s i b l e  
a l so  by l o t s )  is s t ressed  during t r a i n i n g ,  md reports from a c t i v e  t h e a t e r s  
show t h c t  e , f f o r t s  m e  made' t o  comply with t h i s  requirement, Even when 
mununition has beer, sor tcd ,  i t  w i l l  o f ten  happen that  the only nature  of 
propel lan t  avni lablv i n  t h e  ZUTJp n s l t i m  i s  o f  a difforent  nature  from t h a t  
used  during t h e  c a l i b r a t i o n  of t h e  guns, The errors which may be int roduced 
i n  t h c s o  circumstances my w e l l  double the t o t a l  p.e. rucordcd i n  Table I. 

+e i$ 4 4s i t  i t  it i t  * 3t +$ i t  it 

SECTION 15.- CMRGE TWERATURE 

53. I f  the l o c a l  temperature i s  changing rapidly,  the  neasurement 
of charge temperature presents  considerable d i f f i c u l t y ,  and it i s  uncer ta in  
whether t h e  p w s e n t  method g i v e s  a r a l i a b l c  value.  Even when all prc-
cautiolis a r e  taken t o  sh ie ld  aimunit ion from d i r e c t  sunlight and T O  i n s u r e  
a f r e e  passage of eir, it i s  unl ike ly  t h a t  the assigned charge temperature 
can be r e l i e d  upon t o  lG°F. A.p.c ,  of 5'F has been assmed i n  Table I and 
de fau l t  of b i t t e r  inf 'ormtion.  

i t  4+ $6 46 it * R 1t * i t  :c 

SXTION 16,-WEIGHT ANU SHIPE OF ?ROJFCTILE 

if f t  ,i 16 it  +t i t  4k 46 it ic ii -It 

Medium and heavy guns 

57. S h e l l  a r e  weight marked i n  terms af ttunits" which arc roughly
1% of t h e  normal s h e l l  weight, and detachments arc? t re insd  t o  sort s j le l l  
by weight markings, The mximwn errors which can occur as the r e s u l t  of 
an e r r c r  o f  1u n i t  (1 lb.) f o r  t h e  5.5-in gun 100-lb. s h e l l  a re  as f o l l o w s :  

Charge 2 30 yds,
Charge 3 24 yds. 
Charge 4 26 pds. 

58; ,Uthough vnr ia t ions  i n  weight a r e  u n l i k o l y  t o  be n major  source 
of e r r o r ,  care i n  sor t ing s h e l l  by weight marking end i n  repor t ing  and 
allowing f o r  v a r i a t i o n s  of weight a r c  importont if accwacy is t o  be min-
t a ined .  Care i n  handling s h e l l  is also inportant  i n  o r d o r ' t o  avoid o b l i t e r -
a t ion of t h e  weight mwkmgs. 

ik It j b  * i t  i t  - & - it i t  it it 3t K 



Sunm?.ry. 

65. If gun Produces WSteaQ p r o j e c t i l e s ,  a s  t h e  resfit of 
wenr o r  nuzale  hr3kcs o r  any other  s i m i l a r  cause, t h c  ranging mw be s h o r t  
of t h a t  expected from the  instrumental  Mlr by amounts ccrresponding to a 
loss of 20 f.s. i n  IN, Ccl ibra t ion  by fall of  shot  ohculd c o r r e c t  t h i s  
error ,  but  a glm may dcvelop Ovality bitween t w o  c e l i b r a t i o n s .  A f i g u r e
of L f ,s ,  has been al lowed i n  Tzble I for the 25-pr. as t h e  p,e.  due t o  
this  source,  Tho e r r o r  for t h e  5.5-in gun has been takcn t o  be zero. 

-:c 3t Y * -% it +e $$ Q * * Q Q 

SECTION 19.- RESIDUAL EIRORS IN RI.WX TABLFS 

Errors i n  rango and e l e v a t i o n  sca les  

75. Although range t a b l e s  f u r  a new cquipnent a r e  prepared w i t h  the  
grea tes t  c,we, they are ‘necessar i ly  based on l i m i t e d  deta and arc- i n  con-
squencc  l i a b l e  t o  small e r r o r s ,  The magnitude of such e r r o r s  may be  
inferred fram t h e  h i s t o r y  of  t h e  5.5-in. gui  range t a b l e s  which were 
amended in 1942 by amounts which corresponded t o  mxi” errcm a5 follows: 

Charge 2 t w  in .,, ,,. 124 yds. 
Charge 3 ..# . O  ,O yds. 
Charge 4 *., I . .  ,.+ ..m , , I  275 yds, 

These rnngo t a b l e s  were subsequently amended by War Office 
l e t t e r  270/Ctgea/29/7/RA2 d 22 Jan !+L+ which n c t i f i o d  a f u r t h e r  change of 
approximately 500 yds. a t  charge 2. 

!t 4* 3* +* * -it i c  i e  * % 0 * * 



____ 

Rci'jrancc: After  Action Repor t ,  Third 	US Arqy, f i l e  R 314.7 

'KEY-R,  d o t e d  4 September 1945, 

k +$ i t  .it 

8. P r n v i s i o r a l  Rear Charac tmLst ics  of Guns: The fol lowing data 
is ~ ~ w : L e L  European ThenLw of Operations , Ordnaiiccfrom He:.dquartsrs 
sect ion:  

111. The t ab le  beLoiv was compiled by Ccjlonel L e s l i e  E. 
:iirson based on extensive Provicg Ground records and c e r t a i n  recorc'Ls 
>which he  iias rc:vicived ir. t h e  f i e l d .  It should be understood t h a t  it 
n q t  t,hs fins1 wwd h m i  the  Chief or^ Ol'dnmce, but i t  w i l l  serve as cn 
i n d i x  for u s e  w h i l  mort! exact data b e c m c s  amilablo: 

PBOVISIONAI XJLKI C~t ' ,R?,c ' r~TSTICSOF GUNS 

VoLocity Drop Remarks Advance Init. 
vVeapon IJnjts Given 	 of For- M.V. 

h0" Gull Id1 
XJuapon 5000 rds 

iir:."57nun C-un MI 8.5 P.s./lOOO rds Dirwt F i r 0  1311 b 297s 
vkspon 1000 rds 

0,2211 @ 1950 
7000 rds 

NG infsr- 2603 
mntion 

0,111 b 2800 

800 rds 

7,011 (4 2700 
2000 rds 

10~mniHow :lZ,Ll 7.0 f.s,,/1000 rtis Misc, char- O.0711 1 1550 
ges . W e d  5000 rds  

+ r ~ ~ n n(1r,7il GW) 20 f,s&O rils 	 27" 2 312.5 
1000 rds  

iCl55nm Gun hllAL 7.5 f.s./lOO rds 	 Mist, char- No infor- 2:tOO 
ges f i r cd  matior, 

155nun How M1 3.3 f.s,/1000 rds 	 Ktsc. char- No infur- 1850 
ges f i r ed  mation 

8" HOW Id1 	 No appreciable drop ,Mist. charges 0.1511 u 1950 
in 2000 rounds f i r o d  1600 rds 

W&m HOW 3.3 f.s./100 rds Misc, charges No in fo r - 2300 
h f l  f i r ed  matian 

APPEXDIX 6 ,  	 h l -



-Wunn which shoulc bd ca l ib ra t ed  per iodical ly .  

YWDircct €ire ivenp~'nswhich should be calibra'ted jf, and only, if used 


SHHHC 

"2. This  t ab le  indic.?tao average rates of  wear, A s p e c i f i c  
ivcqmn m,zy isenr smewhat  faster or slower, o r  may have s t a r t e d  ou t  with 
9 v t l cc i ty  slightly higher  or luvfsr than t h e  tabulated vclocity. Ncvcr-
t l l d c x 6 ,  the t?.ble is  ct go:d guide.  The simple p r a c t i c e  Jf mrcPj count-
?Lrlg roune.8 rithr:r t,linn soiw a r t i c i c i a l  ' tequiwlent  rowdsII i s  recormnended. 

"3. If a gun is ca l ib ra t ed  apprwrimntcly twici: during i t s  l i f e ,  
t he  tnb1.e should apply w e l l  d u r h g  the interim, j u s t  as one sets nncls 
wiitch occasic"y, while  t o l e ra t ing  n s l igh t  degree o f  fnaccuracy during 
t h c  interim, 

1'4, It sliould bu observed, however, t h a t  no mnlnunt o f  ca l ibra-
%ion i s  i s  iniportant :is lcec+ping ainmuniticn l o L s  s t r a i g h t  as c a r e f u l ,  
,.:,rricrly p r w t i c c s ,  mci ns t h e  iivvidsnco o f  mixing zune weights riP s h e l l  
irithuui; :pprop-in.tz correct ion.  I h c  shosting ~ f ': n u ,  End 3111y me! ,  ~ I L I I ~ U -
g i t i o n  l i ) t  is cl' utar:.;t iniportaice i n  the 105:111r1How and snwllcr c a l i b e r s ,  
I n  c?.l.i.ber.o 1r : :er  .th?ii l o a ,  .the use  sf tP.e a m e  pmclcr lot; i s  in ,portnnt ,  
b u t  p roj < . c t i l e I l-Jts n q j - be irij.xed without inducing imwarrantad c',is?ersicn. 11 

+> * ,r * %-
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CO1,NlNICI.TIONS ZONE 

US FOXES, EUROPE,',N THL*,TER 


OFFICE OF THE CHIEF ORDN.'.NCE OFFICI3 


',POG87 
18 J u l y  1945 

18. CANNON : 

2.. i;ll cannon tubcs  w i l l  bL judgod f o r  s c r v i c a c b i l i t y  by 
v i s u a l l y  i n s p e c t i n g  thL bora and by t;?.king 2 geuge mensurcmLnt 
of thc.  bore d i m e t c r .  Tho c r i t o r i n  f o r  condomnetion o r  de tcmninnt ion  
of r e m . i n i n g  l i f e  w i l l  be as t a b u h t c d  i n  ch.?rt IfSbrvicc LifG of 
A r t i l l e r y  Ccnnonrr pub l i shed  h d o i n u n d c r .  (RcfLr tncc  is 2.1~0 i n v i t c d  
t o  thu  mnu?.l YDx.lu?.tion o f  Eros ion  i n  C,-nnon Dorksll, O.C.O. ,  [,.S.F.).
heas whore l cnds  hnvcr becn s t r i p p e d ,  or wharc doformat ions  of t h e  

, 	 r i f l i n g  occur,  should  bc; c o r r c c t k d  by honing  o r  f i l i n g  t o  approx imke  
p r c p s r  con tour s  cnd t o  smooth roughLncd odgLs which m3.y r i s u l t  i n  
p r o g r e s s i w  t u b e  dLmga. It i s  po in tud  o u t ,  t h a t  a.ppnrcntly 
s e r i o u s  b o r e  d e f e c t s  such as goug t s ,  m i s s i n g  o r  s t r i p p e d  l e n d s ,  nnd 
t h c  l i k e ,  hzve littli; c f f L c t  on accu rccy ,  e s p e c i a l l y  i n  l o w  v e l o c i t y  
weapons, No t u b e  which c o n t a i n s  b u l g s s ,  or o t h c r  p h y s i c z l  deformzition 
a f f e c t i n g  s t r e n g t h  o f  t h c  t u b a  will bL cons ido rcd  sarvicGsblc- for over-
sees shipment.  i;ll brooch group p a r t s  w i l l  b e  repaired t o  funct ion 
p rope r ly ;  however, weapons wi th  c rackcd  brcoch rings or b r e e c h  blocks 
w i l l  be cons iderod  unserviconble unless rep lP .cmant  of t h e  dof e c t i v e  p n r t  
(s) can  be mde. 

i t  Ib 45 j b  !t !t i t  It .I+ i k  I: _ _  -A-
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Vertic 1 Vertical Vert ical  Est. Loss Uax. Verticil.
Weapon Estimatad Life v e r t i c d  Bore AIL j,zeasure -:Bb;~c,,$ a- Bore Ea-Bore Dia- of  W (Uax Bore Diamater

E.F.C. Tot. Rds. Ditnater at merits at (b) '~@teIi?@ meter SO$ meter 75% chg) 5@ for Overseas
Condamation 
 --fifeT.$&-Life Re- Lifc Re- fife R e  shipment. .-Rn?nSlhir. tn2i;inin.e "r m a i n i m  (cl & (d') 

(2) 131 (L') ( 5 )  ( 6 )  17)  f81 (9) If/s) (10) 

2000 1.528 9.55 BT 1.510 lair94 U? " 1.494 
2 m  ---_ -- I____-___-
10000 1.625 13.73 BT 1.609 1.593 40 (€'& 1.593 

2000 2.310 19.02 BT 2.306 2.299 113 (&GI 2.299 
7500 2 * 970 lir.50 RT 2.967 2.963 10 2.963-- NOT BTZBIISHED --- -

I_ I--I S% 3" At7 ---
-_- 3 e 090 25.17 BT 3.06L 94 ( P C )  3.064 
2000 3.672 (e> 24.85 ET 3.633 1co (HE) 3.633 
4000 4.510 97-90 Ea 4.592 65 4-592
lcm 4.94r 4l.W BT h.875 183 

6.270 53.75 BR 6.207 62 6.203 
3000 6.305 (f) 54-90 BF1 6.230 65 6.230 
1250 8.360 82.35 B e  8.272 112 8.272 

HO0TTZERS (d)

"m, L a ,  N2s M 3  2oooo --- 3.020 U.32 BT 3,017 3.006 2.992 25 3 . U  

105mm, U , ' M 3 ,  


8pOO -- __--- (See Note (a) on reverse side) -- ------- -----M 4 

155m, Ul 15000 --- 6.220 36.10 BR 6.207 6.190 6.167 70 6.200 

811, Id1 3000 ---- 8.115 38.70 BT 8 . U O  8.0b5 8.064 8.095

ah, IAl 2000 --- 9.636 73.85 BB 9.606 9.578 9.5bO 42 9.597 


-NOT=: Gal. 5 (ET - ...I' from breech of tube(a) (ap, - . . . I  1 from rear face OF breech ring 

cole 9 Let te rs  I n  ( snciicate t ype  of m u n t l o n  giving l o s s  of JiV indicated. 




(b)  A l l  nessura ien ts  in inches,  p o i n t  of ueasurenent  t o  be 
a c c u r a t e  t o  1/64 I, Bore n e a s u r a e n t  t o  be nade n i t h  pul lover  or 
s t a r  gauge a t  points ind ica ted .  

( c )  Guns: Maxiriw.~allowable wear for overseas  deplcycent 
i n d i c a t e s  50% renaining life. 

( d )  Howitzers h!axir.iurl allowable wear for  overseas deploy-
r,ient i n d i c a t e s  33-1/% renaining l i f e .  

( e )  Determined by t a c t i c a l  enployrxnt  (MV loss  (HE) a t  condenn-
atior. 150 f/s). B a l l i s t i c  l i f e  of weapon only 1/2 at t h i s  p o i n t .  

( f )  (1) Should the bore a t  1 2  o lc lock  and usua l ly  k u e d i a t e l y  
forward of  t h e  ccrmenceruent of r i f l i n g ,  e x h i b i t  scoring E the  l a n d s  
b e  worn smooth a t  t h e  6 o 'c lock  p o s i t i o n ,  t h i s  m e a s u r e "  should 
read  6.223 inches.  

(2) Shou ld=  t h e  s c o r i n g  a t  12  o 'c lock  and sncoth l a n d s  
a t  6 o l c l o c k  e x i s t ,  the reading should be a t  6.210 inohes. 

(g) (1) If gun books are avai lable ,  linit for  condemnation - 8 a O O  
full s e r v i c e  rounds. 

(2) If gun books a r e  n o t  a v a i l a b l e ,  t h e  condi t ion of  s t r i p p i n g  
of  t h e  l a n d s  will be u t i l i z e d  t o  deterrriine s e r v i c e a b i l i t y .  Making p h y s i c a l  
ineasurenent of the length of s t r i p p i n g  of each land  aqd adding t h e s e  
l e n g t h s ,  t h e  following l i r z i t s  will govern: 

L i n i t  for condennation - 110 l i n e a r  inches of stripped 
lands.  A l l  clhur,lpsd or re isedn or rough lands  should  be 
f i l e d  t o  appropr ia te  proper contour t o  ensure t h e  un-
obstructed passago of the  p r o j e c t i l e .  
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;.RTILLERY FOR P TYPE iW 

6 D i m t r y  aiviaiana orsznic battElicns2 low1HCW Brio ettoched 
6 l5MUHOT! B n O  attached 
6 9LT-TD Bn3 attoched 

LUBTOTdk 42 Battelicno 

3 lJm?red Divioinno 

bUBTOTAL 

3 Ccrpr Ar t i l l e ry  

&-BTOTriL 

1 i,riliy , j r t i l l e ry  

SJBTOTAL 

9 

3 

3 

-3 

18 


i2 

9 
-9 


3u 

3 

3 

1 


7 


.iruy ; a t i - i d r c r s f t  i r t i l l o r y  9 
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orgenic bnttelioni: 

lO5m HOW Bns (A”)at tached 

1-53~~1 
HOT.Bns (SP)  ottoched 
901x1 TD Ens attached 
Ratta1ions 



T P e  Po. on  Hand 3 e s i r e d  Xilg 
m e nditilre 
rr.te rds/_aul 

3ailF h m u a t i o n  
k p e a d i t u r e  

Zapivalent Xo . 
o f  Tubes 

7211g C?llbr?tlor?require m a ts 

(gactor  of 3**) 

g 0 m  Tk B hT 1124 12 1 3 4 s ~  *13 39 

qom Ali 10s 6 672 .3 2.1**’ 

Gun 155m lrC4 25 3600 2 6 

GUT. gn 6 10 .1 - 3  

Row 240m 1g 15 .11: .-u 

15-54 k7. 8 

*Tube life assessed a t  1000 r d s  due t o  t y e  of h m m i t i o ? .  

+*Each tube should be c a l i b r a t e d  e t  three u o i n t s ,  i n  i t s  l i f e .  255, 505, :75$. 

*r*Ant ia i rc raf t  tubes should be calibrated a f t e r  500 r d s  ?id’each 200 rds t h e r e a f t e r  o r  a tot;.l of  aDSroxiriateLy seven 

c a l i b r a t i o n s .  
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THE GENEFAL BOARD 

"PED STATES FOBCES, EVmPMI WUTB 


Office of t h e  Ordnance Off icer  

APO 408 

6 October 1945 
472.61 TGBm 


g~JECl': 	 Anti-Aircraft Ar t i l l e ry  Tabes. 

M 	 : Chief of Section. AwI Sect ion,  General Board, Unitsd States  Forces, 
&roueail Theater, UO 408, United States  Army, 

1. Tho Ordnance Section, General Board, i s  making a study t o  de-
ternine n s u i t a b l e  method of cordsmning and replacing a r t i l l e r y  gun tubes 
i n  solribat. Answers t o  tho folloving questions would be o f  assistance in 
thi. u ro jac t  &nd would be used a s  supporting evidonce for the f i n a l  recon- 
msndationa. 

a. What i s  tho maxinilm losc i n  muzzle velocity which a 901x1gun 
can devoloo before  i t  becomes t a c t i c a l l y  useless? 

3. Doos tho gun bilcone e r r a t i c  bcfore the m z z l o  veloci ty  l o s s  
oxcceds t h o  l i m i t s  o f  t h e  director?  

c .  A t  vhhat coin? or p o i n t s  i n  the  P i fe  o f  t h s  gun is nuzzle 
velocity memnrenent necessary? , Nuzzle veloci ty  ncaslrenents would nor-
m l l y  be nadB by B a l l i s t i c  and Tochnica.1 Service Dctac:loent t e a m  using 
sky s c x c n s  oad chronogranh. 

d. What i s  the ol lovable  l i n i t  o f  mU7ZlO veloci ty  var ia t ion 
betwaon guns o f  t h e  6mie ba t t s ry?  

2. Aberdeen Prrrving Ground has develope& a sui table  gauge f o r  
rnessurlng wear  o f  gun tubes  at comsncenent of  rifling, the point of 
nnxinm woar. A def i a i t  u rcle.tionehip has been established between 
wear at t h i s  p o i n t  and loss of  nuzzle  v d o c i t y .  For the  gOm Dun, the 
tubes wear t o  R point  where a lass of 165 f .6 .  i s  reoched, ther- i t  
becones c r r a t i c .  At  t h i s  point  i t  i s  condenned on a basis  of three 
things, tube woar noasuronent, visufil inspectior. f o r  loss of lends,  
erosion, e t c . ,  end loss af nuzzle ve loc i ty .  Figures on loss of  muzzle 
Velocity, althqugh valuable ,  would not nocossarily be required f o r  tube 
conflowation, but  can be used RS a. check against  wear naasurenent. Would 
this nothoc! o f  tube oondaanaticn be m r e  sui table  than nethods followed 
i n  the recent  c q a i g n ?  

/s/ N. M, LYKDE, 
' I t/ N, M. LYNDE, 

Dol., Urd, D e p t . ,  
0 rfanence Off ic e r  . 



a. The mini" muzzle v e l o c i t y  which a 90mn gun can deve lop  
L d o r e  i t  becorms t u c t i c e l l y  u s e l e s s  i 3  2,400 f e c t  Beccnds p r o v i d i n g  a 
d i r e c t a r  is  being used s i n c e  t h i s  is  t h e  minimum v e l o c i t y  capable  of 
boing  s e t  i n t o  the  present  equipment. P r a c t i c a l l y ,  the minimum v e l o c i t y  
is a t  l e a s t  LOO f e e t  aecond g r e a t e r  than  t h i s ,  os explained below. 

b. Baced on the  exper ience  of _552,000 rcundn o f  gorm m u n i t i o n  
frzj; i  n c t  mere  than f i f t e e n  b a t t a l i c n o  o f  the Antwerp X Command, it was 
my experienco t h a t  guna rould  beconie e r r a t i c  b e f c r e  i t o  muzzle v e l o c i t y  
sxceeded t h e  c o r r e c t i t l e  limit c f  t h e  d i r e c t o r .  Thin p o i n t  usually ap-
>eared between 2,523 and 21575 f e e t  ceccnds. 

c. Based upon t h e  e x p e r i e n c e  ind ica ted  i n  the p r e c e d i n g  para-  
e r e p h  it is b e l i e v e d  t l i a t  ixcasurment  cf muzzle veloc i ty  i s  n e c e s s a r y  
na f o l l o w s  After t h c  f i r s t  500 raundo; a f t e r  t h e  f i r s t  800 r o u n d s ;  
t h e r e a f t e r ,  a f t e r  every 200 ruundo,. T h i o  viculd ncrmally i n v o l v e  acne 
s c v s n  moaauremelits i n  t h e  l i f e  of D t u b e  since h ' i th  proper mnintcnnnce, 
tubeo C V C T E ~ C  between 1,700 and 1,80!1 rr,undo. 

d .  I n  t h e  4iiitwsrp X dcfenscu ,  where extreme accuracy of' f i r e  
mas an a b s n l u t e  neccuci ty ,  t h c  fol1i :winy ordcrc; appl ied ;  t h e  ove rage  
pGint  f o r  t n r g e t s  v.ith a h e i g h t  of 1 , 0 0 0  ycrds nnd a range of 6,000 ysr48 
gave a probab le  errrr c f  LO y a r d s  s l a n t  renge, Thia f i g u r o  was w e d  
as t h e  d l o v . a b l e  d i f f e r t n c e  and. 20 f e e t  aeccnds which correspcndo t o  one 
p r o b a b l e  e r rc r  nns a r b i t r a r i l y  w e d .  Thin f i g u r e  was found f e a o i b l e  and 
gave e x c e l l e n t  result:: without  annecensar i ly  burdening the Ordnnnce in 
DVJitChing tubes .  NeCdlOsS tc m y ,  neny tubes were used more thon once. 

2. Referencc  paragraph 2 ,  b a s i c  c@miunicatic.n, loob i n  muzzle 
v e l o c i t y  VEIL never  t h e  c r i t s r i o n  i n  the  chcnge of  tubes but b y  experience 
it was f'sund t h a t  a f t e r  o. l o ~ cof npproxFrnotely 150 fee t  oeccndn, guno 
became e r r a t i c  and/cr obvicus wear, p i t o  &r.d o t h e r  d e f e c t 8  were not iced .  
The methcd o u t l i n e d  is cons idered  s u i t a b l e ,  

/ S /  CLARE H. AFIMSTRONG, 
/t/ CLARE H.  IJ?MSTRONG, 
B r i g a d i e r  Gcne rc l ,  U. S. A. 

, ? n t i c i r c r e f t  o f f i c t r  . 

- 2 -
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B i w e  24. Pullover gage inserted in saationdLizsd tube, 
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PSI ocity-qear C h a r t  

n 4 4 m cr) I 4  4 *i 0 

VERTICAL LAND DIAMETER AT .f25 .17  INCHES FPOY ILEAP FACE OF TUBE 
Co~demninglimit based on 
5%drop in MeVe n b s  still 



Percent-Wear Char t  

! I 

1i : 



APPENDIX NUMBER 15 

-BAT.,LISTIC AND TECCCB SEFWICE n m x w m s  
1. It is  believed, f rom resu l t s  of interriew with cOmnanhg

Officers of t h e  282nd and 283rd hl l is t ic  and Technical Seiyice 
r)ctachmants, t h a t  study Of t he  T/O & E for these units should 
m:idc. S ince  Detachments Were not the subject of t h i s  study only 
gcneral  needs are covered. 

2. a. Both comanding of f icers  feel  that  there should be 
two o f f i c e r s  per team, but t h - t  due t o  the i r  tschnicd howledge, 
r e s p o n s i b i l i t y ,  and t h e  necessi ty  of convincing a r t i l l e ry  co"+nd-
ers of conaic1era.bl.e r m k ,  t h a t  t h e  findings cnd decisions of the  
detachmerits w e  sound, higher grade i s  needed. Both Lt. Tamer 
and L t .  Browie recommend a Major mrl Captain, the former t o  be the 
detachmont comnonder, t he  l a t t e r  the calibration squad c o m d e r .  
Both o f f i c e r s  s a id  t h a t  I.mk of renk i n  dealing w i t h  a r t i l l e ry  
c.irrmicuxlcra was a const<ant hnndi.ca;+, not beczuse of  lack of coopera-
ti.on, but bcczuse a r t i l l e r y  comnanders did mt consider a junior 
offi.ccr.'z opiaions very seriously.  

b. Both Lt. Tower and Lt; Brome feel th& the calibra-
t i o n  squ;ld chief should be a kxster Se rgea t .  

c .  Both off icers  f e d  tha t  additional transportatisn i s  
necessa ry  and although they ere not in accord  as t o  the i r  e z c t  
reqilirsments they  do agree t h a t  two adcLitiona1 l/4 ton trucks, 
l+.xl+, one a.dditional 1-1/2 tqn truck, 6x6, one h15 generator, and 
a d d i t i o n a l  trnilers w e  des i rab le .  

d. Additj.onn1 equipment desired is as follows: 

Pull-over gages 
Impr>vecl Chi. omgraph s 
Improved Amplifiers
Improvcd Skyscreens 
Pressure gagas, crusher tme 
photographic Equipment (For obtaining PictmeB 

cf Lmusuai gun bores for'rqorts t o  the Office 
Chief o f  Orhance) 

These requirements are general i n  nature and are not t o  
be construed as baois  f o r  recommended changes independant Of -a de-
t a i l e d  s tudy  of i h e  repor t  made by a l l  detachments to the Research 
and Devcl~pmerit Service, Aberdeen prrvjing 3rclwd, during operation' 

13, 



In te rv iew with Lt .  RI FI Tower Camanding Off icer ,  283rd 
B a l l i s t i c  and Technical Scrvicc detachment. 

1, Vkat should be t h e  primary mission of ca l ibra t ion  t e m s ?  

A.  ( e )  To provide operat ional  d3ta f o r  FA, Team should be at-
tached  t o  Corps F i r e  Direc t icn  Ccntcr. 

( b )  To condemn a r t i l l e r y  gui tubes. 

2 .  Whx%t o ther  uses  a r e  recomsndca f o r  ca l ibra t ion  teams? 

A. Secondary mission of ca l ibra t ing  own and enemy amunktian. 

3 ,  Does t h e  A r t i l l e r y  make use of ca l ibra t ion  r e s u l t s  to: 
a. Re-group guns? 
b. Apply rangc cor rsc t ion  factors?  
C, &.ke demands on Ordnmce. f o r  tube replacements before thc 

are completely worn out? 

A\.. a. 
b. 
c. 

Yes, in general  they  do. 
Yes, thoy do both,  
Yes, at t h e  boginnyng they did, teams data  confused Ar-
t i l i c r y  f u r t h e r .  

l + ,  Do you f e e l  t h a t  c a l i b r a t i o n  teams t e n d  t o  increase or de-
c rwse  t h e  a r t i l l e r y ' s  confidence i n  t h e i r  weapons? 

A .  Don' t  bel ievc any cifference.  B r t i l l e r y  h l s  seen what weapon 
will do on t h e  ground and no amount of' data  o f f s e t s  t h i s .  

5 .  What met:ind 3r combination of nethods do you f e e l  i s  most 
f i a t i s f a c t o r y  and prac t ic r t l  f o r  determining tube rcplaccment i n  
combat : 

a. Visual. inspect ion? 
b. Visuai  inspec t ion  p lus  llpullovor gage" readings? 
c ,  Visuzl  in jpec t ion  plus  W loss? 
d. Number of rounds f i r e d ?  
e. Loss of range?
fv Observed f i r e ?  

11. Comhinatiun of a l l  of them, giving gr.eatest weight t o  v i s u a l  
inspec t ion  mcl pul lover  gag0 readings. Team could mke report t o  
Ordrimce companies with copy t o  Army. 

6 .  How should c a l i b r a t i o n  teams be essigncd? One per Army, Corps? 

k .  One per  Corps with ca l ibra t ion  o f f i c e r  i n  Army t o  coordinate  
tGams. 

7 ,  How do you t h i n k  c a l i b r a t i o n  tenma should bc orgmized, 
equipped and employed? 

A. T/O CALIBRATION TFJY 

1 -Major 1 - M/Sgt 
1 - capta in  1 - T/Sgt 

2 - T/3 
2 - T/LL 

-2 - T/5 

Major - Team Gomander, coor l ina tes  cmdcrmation and supply of 
[;un tube  a t  Corps l e v e l .  

I n c l o s u r e  1t o  
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MUST HAVE: Responsibil.ity of condemnation of gun tube,  spec ia l  
j o b  knowledge, technica l  s k i l l .  

Captain - Czlibrzt ion squad cownucler, per form c a l i b r a t i o n  pro-
csdurc: and coordinntee with Corps FDC i n  so doing. 

M/S& - Ca1i.bration squad l e a d e r ,  t echnica l  knowledge of cal ibra-
t i o n  procedure and condemnation cjf tube. 

T/Sgt - LLxpert mintcnancc m n  (cquipment), w i th  supply and ad-
minis t r? , t i an  of uni t .  

2 - T/3 - Iissistmt equipmerJt maintennnce men, condemnation 
equipment operators ,  

2 - p,/4 - Calibrat icn equipment operators, computation of data. 

2 - T/5 - Jeep d r i v w s  (1. f o r  o f f i c e r ) ,  a l s o  f i l l  i n  when holp i s  
needed witk c d i b r n t i o n  squad. 

3 -Chronographs (biggeat m i n t e n m c e  headache) 
4 - Skyscreens
4 -AmpJifiers
I - Complctc Sct  Pullover gages. 
1 - Shop t r u c k  (specinl l j r  cnnssructed ins ide)  
I. - l-.ton t r a i l e r  (equipment and suppl ies j  
2 - 114 ton  t rucks  (1per o f f i c e r )  
2 - 1 / 4  ton  t r a i l e r s  
1- Specie1 t ruck  (about I.$ ton)  spec ia l ly  bui l t  body t o  permit 

e f f i c i e n t  ca l ibra t ion  u s e  (stanrling headspace) ( s i n g l e  hase 
11W genera ta r  i n  t ruck  if possible  or i n  1t o n  t r a i l c r y  

8.  Can dispercion i n  mzzle v e l o c i t i e s  of a group of rounds be 

r c n d i l y  i n t e r p r e t e d  i.nto mul t ip les  of f i r i n g  teb le  pmbable er-

r o m  for. condenmation purposes? 


A. No, 


9 .  Did your team ever have any uccasion t o  c a l i b r a t e  enemy 
mat a r i a l ?  

A. Yes, i n  Pcbru;ir8y 194.5 a t  Clevrew, Luxembourg, D Bat tery,
1.76th F i e l d  A r t i l l e r y  Dfittalinn (4.5") f i r i n g  German 88m guns. 

10. 	What c a l i b e r  weapons do you think should be cal ibrated? 

A. 	 811 gun and Howitzer 
155" gun and Hswitaer 
I+,5ll gun mil Hcwitzor 
9 h 1 l  gUn
Z4Om Howitzer 

11. 	 What volume of work can present team perform? 

A .  2 Bat ta l ions  per  &cy under i d e a l  conditions. Bat ta l ions 
per day i s  nsrmal. 

12. 	 Are p r a c t i c a l  f i r i n g  t e s t s  valuable? 

A. General ly  no, i n  some spec ia l  case, however, t h e y  a r e  
valuable .  

4Inc losure  1t$ 
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l'jl How s f t e n  should tubes be cal ibrated? 

A.  Every 25% of tube l i f e  a n d  regrouped i f  necessary, 

R e c " m d  mintensnce  technic ians  organic  i n  team r z t h c r  than 

replacement teams, 


L t  , Tomer recommends: 


1. A thorough and comprehensive research  on f i e l d  c i l i b r a -
t i o n  equipment. O r i g i m l  equipment was unsatisf 'ectory, mnde it 
work by reworking and modifying, but it i s  s t i l l  unsatisfactory.  

2. Conduct research for cquipping teams with f a c t u a l  data 
f3r c a l i b r a t i o n  and c,mdemnattion of gun tubes,  t o  be published i n  
TU or TE vcith s u i t a b l e  changes when necessary, 

Take team here in ET0 and run f i r i n g  t e s t s  f o r  assembling 
d e t a  for Aherdeen, u s i r q  guns aiici ammunition here. 

Inc losure  1tq 
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Interview n i t h  Lt .  F. V. BrC", Cornx"ny Officer, 282nd ca l ibra t ion  
p ~ m ,unhr g i n t h  and Seventh U. S. &mien. 

1. 	 hre you fmiliur with ord TB 5 9 ,  FTOUBI? 

i,. Y e s ,  Hl l l e rShhen  t e s t s  prcved t.- ver i fy  Aberdeen's figures. 
1531 gun, 1591Hcr. 4 4 "  figures were of f  s l i g h t l y .  In  general ,  I 
bel ieve t h a t  n i l  guns sill f i r e  i x r e  rounds than Aberdeen says. 3rd TB 
52 mas used at Hillers laben end oerv iceob i l i t y  determined by uae of o t a r  
g m g e  (3 pc in t ) ,  v i s u n l  in-pecti;.n, and co l ib ro t i cn .  A l l  three were w e d  
tc deterrnnc se rv iceab i l i t y  mid u c t  any m e  nethod. 

2. ithat F r iho r i ly  s h i u l d  be th6 nissicn cf ca l ibre t ion  teanap 

A. Re-emuping o f  a r t i l l e r y  and ccndemning: of gun tubes. ~ e c a c -
mend giving infnnmtic!n t o  suppcrtiiiy o r  ia - iy  Ordnance on s t a tue  cf tubes 
l i f e ,  

A r t i l l e r y  terded t o  use cal ibrGtion teaus BL: a club t o  cbtain 
nea  tubeo. In m a t  c m e s  t h i s  backfired 3n thou DO teor; finding3 proved 
uo3 t  tubel; s t i l l  serviceable.  

3. 	 whhot o t h e r  uoe% do you recowend f c r  co l ibra t ion  teat in^ 

;b. Deterraination of our own mu."tion Qua l i t i e s  when the re  io 
t q u e o t i m ,  

Ceterr.iination of qua l i t i e s  of aneriy ar,T;,unition. 

Detemine ve loc i t i e s  of enoriy & u st o  enable un t o  uoe then 

Condei.mtion c f  tubeu. 

Regular ca l ibra t ion  f r r  regroupi:lg. 

4. 	 Dcc3 a r t i l l e r y  uuke ust c f  cc . l ib ro t ion  T e n U l t G ' :  

A, yen, Depended on operatic,no c f i i c e r  - naae used i t  ond mm 
d i d  not. RecCrlce2Q a otudy be ucde t r  doteri2ine r e l a t i o n  betreen f i r ing  
table fil;u7es and uct,.ial. MV. 

Imst pi t h e  tim tea1  r e s u l t s  tended tc deny a r t i l l e r y  tube 

rep1ncer;;ent. 


~ - e su3e o f  c o l i b r c t i d i  tea.1 t end  t c  iccreorc or  decreaoe a r t &  

l e r y s  ccni ldonce i n  t h e i r  xeapon? 


,!. Tendo t c  increcoe ccnfidence. 


6, \?/hat f a c t c r s  ohculd be ccllioiderbd i n  condemning &uU tubeo? 


5. 

A. f o c t r  rs shculd be; ccnoideted bef:re ccndmming tubes. 

Ecch tube Yhculd be ci-ncidered individuolly by experienced peruonnel. 


7 .  H:.h nrny Ba l l i f i t i c  and Technical Cjsrvice Datochnents do you Cob 
s i d e r  ncceooory and aha t  shou ld  be t h e i r  no3&,W;lent7 

It. ReCcLnr,end cne (1) t e a l  per Cczpa with operational contrcl  
exercised by Amy,  t o  Wcrk in conjuncticn with Ordnance Conpony t h a t  O U p  
por ts  Corpo i a t i l l e r y .  Extra load of hrmy and hh rc r t i l lo ry  aou ld  be 
handled by these  teano. one (1) per i r I X y - is incuf f ic ien t .  
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A, prosent  orgtiinizntion Betierectory but if tube condwatim 
i3 ndded t o  priclcry n ios ion ,  recomond an additional 6 per tern, 

Recormend in  addi t ion  t o  prefierlt equipuent t h e  followingbP 

ndledr 

pul lover  gauges 
Preocure gouges fo r  obtcining ahanber 
Photogrnphic e q u i p "  for obtaining Pictmcs of gun

boreo, e tc . ,  f a r  s tudy m d  reports tc Aberdeen, 

1 - l$ ton 6x6 t ruak 
2 - 1 ton t r n i l e r s  
1 - M-5 etXlclTtltOr 
1 - l / 4  ton 4x4 t ruck  
1 - l /4 ton t r t l i l e r  
1 - l / 4  ton t ruck with r o d i o  for  contncting 0H ~ .  

9 .  khat reca.nendotiono dc, yc'u hGvey 

Ib. Rocomlend m i u n i t i o n  be issued by l o t  umbers w i t h  the ex-
cepticn of l55a-i I G W ,  Lot nmbero  which vsry iideljr i n  nmber cften 
vory conslderuhly i n  perfcruonce, Lot n m b e r s  which do nc;t vnry widely 
i l l  n u b e r  tecd n o t  t c  vary &a auch  in perfcmonae. 

B r i t i s h  hove t a b l e  of MV lou:! bnsed on gauge readings, I 
feel t h a t  p u l l m e r  gwae cculd be used to  obtcin eathate  o f  MV lcss.  
Recui-,;end onl ibrn t ion  [ i t  onch l /4  3f tubes . l i f e .  

A r t i l l u r y  Schcol tenches h o w  colibroticn tem dntn is uaed, 
Many units die n o t  kn?w how t o  Kse d a t a  once it w48 hivan to thm, 

A thorough rni. ccnprehensive research on f i e l d  cnlibrotion 
erpipuent, Original  oquipmont was unsetisfoctory elthoilgh it was ncde t c  
work by ncdifying an6 re-wcrking i t ,  still i s  not satisfactory, 

Equiplent  t e m s  with f a c t u a l  dat3 fcr calibrnticn cad con-
datm~tionof gwi tubes, giving d e f i n i t e  fi&nres and c o n d m h g  l b i t E  
where p c s s j b l e  should be publishe?. i n  TM or TB w i t h  euitable changes when 
noaesonry. 

10. Row do you think c a l i b r a t i o n  tema should be orgsnized, e q u i p  
ped ar.d enplcyed? 

A, Personnel per Sec t ion ,  

Elec t ronic  Chronograph operatcr (Sect Lealer) 1 - dSgt
Ccinpute r  1 - T/&t 
Clerk (phcne truck - Gun position) 1 - T h  

(Calibretian) 
Gun l i a i s o n  clan (phone p u c k  GP) 1 - T/4 
Gun Liaison.. a s s i s t a n t  1 - T h  
Gauge operntors  and pressure Cylinders 2 - T/5
Pressure chaqt conversion t3 lbs per N inch T/5 

(TWO eect ions pe r  B t a o h e n t )  Tote l ,  2 x 8 16 LWL 

C".nding Off icer  - Major, Rank necessary where condewetion respons"
i b i l i t y  is involved. &so t e c h n i c s l l y  bet ter  trained, amt to 
a r t i l l e r y  and caiivince then  by kniwleAg3 and r a n k ,  Fcr Werior 
lodge then o t h e r  Ordqanco .ofi ' icer in  theater, Tean officers never at-

Res"tmptad t c  argue o r  convince art i l . lc?ry hecsuss of lack of 
Sonsibi l i ty  of  tube condermotion when supply i a  short i n  very great* 
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Ccntact  
OperationsO f f i c e r s  (

( 	 Wbe Condennation 
InterpreSnt icn of r e s u l t s  

mtachment Executive - Captain, 

11. Did your team ever  have any cccasion t o  c a l i b r a t e  eneqy nat-
e r i e l r  

A. 	 Y e s ,  in octcber  1944, 53 of Duess. HOW15%~~ eneny pro-
pel l inB chtirges w e n  c a l i b r a t e d  using Ar.ierican p~ j c c t i l e o  and ~1918How. 
Cherts of M v  were iiade up 90 %hot Corps A r t i l l e r y  could u8.e eneny propel-
l i n g  charges in,Ar.iericsn Art i l . lery,  

12. Vhat c a l i b e r  weaaons dc ycu th ink  should he cal ibreted? 

A, 	 AT Guns j n ,  7 h and up. 

9 m  AA Guns end up.

4,511, 15% Guns 2nd l a r g e r . 

l5w1,811 and &om HOWitZer8. 


13. What v o l w c  s f  w d c  can t h e  present  ca l ibra t ion  t e a u  p e r f o m ?  

A. Depends 3n c a l i b e r  and circuf.steiices, n o m a l l y  8 team cran 
cal ibrRte a b a t t a l i o n  of heavy a r t i l l e r y  every two days, I have done BS 
nany a s  28 .. L B m  howitzers  i n  cne day ba t  t h i s  mas done on a pre-aelected 
r a g e  wliere i o s t r w e n t s  more s e t  up and guns ro l l ed  i n t o  B f i r i n g  pos i t ion ,  
cn l ibra ted ,  and then rep lace6  by another  p iece ,  

14. Are p r a c t i c a l  f i r i n g  t e s t s  valucjblel 

A. s a t i s f y  sone a r t i l l m y  bnt ta l i , :ns ,  yes, A calibrfxtion 
t e m  chocko i n t e r i o r  b a l l i s t i c s ,  p r a c t i c a l  f i r i n g  tes t s  show up e x t e r i o r  
b n l l i s t i c s .  However, f o r  t h e  most p o r t ,  u t e s t  of t h i s  kind is  di i ’ f ioul t  
i n  conbat, p a r t i c u l n r l y  on long range weapons, Air clbservatiou is abeo-
l u t e l y  u n s e t i s f a c t o r y  e n d  mti thor ,  enmy ccunter bat tery f i r e ,  e tc . ,  
LlflkG grcund observat ion t c c  ofton u n r e l i a b l e ,  I personal ly  09 sold 
enough on c a l i b r a t i o n  t o  t h e  point  that; I think it alone is s u f f i c i e n t ,  
but cal ibrot- iun has n c t  been oold sufficiently t c ;  t ho  a r t i l l e r y  t o  nnke 
t h w  b e l i e v e  i n  it. 
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HEADc(L1mTERs 
ORDNANCE S T V I C E  -UNITED STAT??,?ARMY 

Ordnance B u l l e t i n )  

Number 1 26 October 1945 


C0N"ATION OF ARTILLERY GUN TUBES 

1. a. Tubes of 37" Guns M3, M.5 and ~ 6 40" Guns W ; 57"; Gun MI.,
7- Guns @, ldl5 75" Howitzers Ml., M2 and @; and 10- Eowitzersand ~ 6 ;  
~2a, and I@ w i l l  be based on expec ted  t u b e  life f igures  as given i n  
columns (2)  and (3) of t h e  t a b l e  on page 3, where &un hooks are a v a i l a b l e ,  
Where gun books a r e  n o t  a v a i l a b l e ,  cordemnabion w i l l  be on t h e  bas i s  of 
v i s u a l  i n s p e c t i o n  by a q u a l i f i e d  a r t i l l e r y  inspec tor ,  

b. A r t i l l e r y  tubes  Of 9 0 i  Guns 811; 4.5 inch Guns M1; lpim HOW 
i t z e r s  141; l33111Guns Yd and M 2 ;  8 i n c h  Howitzers Nd and M2; 8 inch Guns Ml; 
and Howi tzers  Ml will be condemned on t h e  b a s i s  o f  measurements taken 
a t  t h e  c m a n c e m e n t  of r i f l i n g ,  c o n s i d e r e t i o n  of r c l a t i v c  muzzle v e l o c i t i e s  
i n  a p p l i c a b l e  c a s e s ;  all coxibined with a v i sua l  Lnvpection made by a r t i l l e r :  
inspec tors  of s u p p o r t i n g  Ordnance maintenancc. cmpenies .  

2,  A r t i l l e r y  i n s p e c t o r s  w i l l  t o k e  bore miasurements monthly of p ieces  
l i s t e d  i n  i a r .  lb above and w i l l  i n c l u d e  theso  i n  t h o  monthly r e p o r t  of 
a r t i l l e r y  i n s p e c t i o n s  s u b n i t t e d  t o  t h i s  I{c-adquertera. It i s  desized to ob-
t a i n  measurements a t  a p p r o x h a t s l y  50% aiid 75%of expected tube l i f e .  

3.  B a l l i s t i c  and technica l  s e r v i c e  detachments a i L l  o b t a i n  r e l a t i v e  
muzzle v e l o c i t i u s  of  901.~1Tank and i n t i - t a n k  Quns; l53n11Guns; 8 inch Guns 
and 24Om Howitzers  a t  approxinetely 25%, 5% and 75%of e q , e c t e d  t u b e  
l i f e .  &ia r t i l l e r y  will be c a l i b r a t e d  a t  5 0 0 ,  800, 1000, 1200, L ~ o c , 1600 
rounds and every  200 rounds t h e r c a f t e r  u n t i l  condamed. Forward datach- 
ments will c o o r d i n a t e  t h e i r  e f f o r t s  viith a r t i l l o r y  inspectors  and Corp 
u t i l l u r y  &4 t o  o b t a i n  iriforr?.ation a s  t o  when i o  cal ibrate .  Rear detaah- 
m n t s  w i l l  work a s  d i r e c t e d  by t h e  amy o r t i l l c r y  r.aintenar,ce o f f i c e r ,  
Detachments v ; i l l  t a k e  bore masurer.ients oiid en tor  these on their r e p o r t  of 
c a l i b r a t i o n ,  

4 .  No tube  o t h e r  than those o u t l i n e d  i n  per .  1 a above W i l l  be con-
demned e x c l u s i v e l y  on t h e  b s s i s  o f  n tqbs r  of rounds f i r e d ,  L - t i l l u r y  units 
w i l l  be inf'orried t h a t  e s t i m t e d  tube l i f e  o f  a n l i b e r s  outl ined i n  Par. 1 b 
above is expressed  i n  n w b e r  of rounds for  supply 3lanninp: purposos only,
is mi avernge f i g u r e  f o r  a l u r g c  r1w:iber of t u b y  and ail1 n o t  govern o r  ' 

in f luence  replacw.ient ,  

5 .  Tubes o t h e r  than those o u t l i n e d  i n  par ,  1 o. above c i l l  not  be 
condenend by v i s u a l  Inspec t ion  d o n u  u n l a w  unquwt ionabh dme.ged by 
enemy act ioi i ,  s t r u c t u r a l  fc t i lure ,  s e r i o u s  d e f e c t s  or  othe;. C G U B ~ S .  

6. Tubes o u t l i n e d  i n  par, 1 b ahove w i l l  be conda..end on b a s i s  of 
v i s u a l  i n s p e c t i o n  and gaga rending$ cons idered  together. Bee page 3 of 
t h i v  b u l l e t i I i  for condm.ning 1M.t ga$e rending;s., h r e p o r t  will be f o r -
worded t o  t h e  a m y  artillery i i s i n t e n m c e  of'i'icer f o r  enoh t u b e  replaced 
showing, 

a. C a l i b e r  of tube a n d n o d e l  of xeopon, 
b. Organiza t ion  ( b a t t a l i o n )  
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S&VICE LIFE OF ARTILLFRY C U i N  

Estimated Life Vertical w V e r t i c a l  Vertical  
S.F.C. Tot Eds Bore Dis. Seasure- Bore Dis. Sore Dis. 

Keapon at Con- ments at 25% L i f e  50% W e  
demnason (b) Z ~ a h i n g  Remaining 

2000 (See Note ( e )  on page Lj  
2000 --- -- ---
10000 (See Note (e) on page 4) 
2000 (See Note ( e )  on Page 4 )  
7500 (See Sote (e) on Page 4 )  ____ (See Note (e) on Page 4 )---- See 3" i f  
I-- 3.090 25.17 BT 3.078 3.06b 
2000 3.672 (c) 2L.85 BT 3.655 3 633 
4000 4.610 37.90 BR 4.602 4.592 
1000 b. 940 41.00 BT b.910 4.875 

6.270 53.75 BR 6.243 6.203 
3000 6.305 (d)  54.90 3R 6.248 6.230 
u50 8.360 82.35 DR 8.521 8.272 

75.--. 
&LL, 21, 2.12, 20000 __-- 3.020 11.32 BT 3.017 3.008 

lO5,m G!.!L,a,Z& 80GO --- _-___ (See Note (f) an Pabe 4 )
155mm, id1 15000 6.22.0 36.10 BR 6.207 6.190-I-

8't Id1 3000 __-- 8.115 38.70 3T 8.110 8.085 
240", kl 2000 Y.636 73.85 3R 9.606 9 * 578 

Vertical 2;st. Lass 
&re D i s .  of & i  (SEX 
75%Lif'e C n E )  506 
Reinaining L L f e B e k  

3.042 94 ( S C )
3.604 100 (E&)
4.566 65 

4.830 183 
6.156 62 
6.182 65 
Li.190 112 

2.992 25 

6.167 70 

8.061, 

9.54G 42 

NOTES 27)C d .  5 (BT - . - . ' I  fzud creech ena of tube -3- Q P ~ I X16 
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( i q O T 6  ON S Z V I C E  L I E  OF ARTILLERY CXWO?i CONTlC) 

(ar - _. . ! I froul recr fzco sf breech rirg 

col.  9 L e t t e r s  in ( )  i n d i c a t e  t y p e  of ammunition giving l o s s  of UV incicated. 


(b) 	 gll measwenents i n  inches. P o i n t s  of measurenent t o  be accura te  LJ . 1/6,$11. dorE ,zeasursrent t o  b e  ,E& v&th  puiiover 
or s t a r  gage a t  points iriicated. 

(c) 	 Cete rdned  by tactical employment (27 l o s s  (HZ) Et  condeanation 150 f/s) .  elli is tic fife of v;ez+a only 1/2 w m m d  a t  this 
point .  

Should the bore aL 12 o 'c lock  and immediately forward o f  t h e  commencement of  rifling, shm scori-y, Lr:< i a n a s  be worn 
smooth at t h e  6 o'clock p o s i t i o n ,  this rieEsuremenb should reac 6.225 L?ches.

(d )  	 '. 
-2. Srrouiu e the  s c o r i %  a t  2 ogciock, and snooth lands a t  6 o 'c lock  ex is t ,  t h e  reaciing s t i u u i a b e  6.213 inches.  

(c) 	 s 3 ' 5 i c c c : b i l i t y  o f  37mm GUS, b3, X:? Mb: LOmGm, Xl; j7,m Gun, iil; 75mm Guns, Ho-.iizcrs, &, L2, B,G, 25, 36; 7 5 ~ ~  
ana 105" Hc%itzcrs, :d2621,1, 16, L&, rill be based on e s tha t ed  life a s  given in columns ( 2 ;  and (31 ;dicrc 6,un oooi(s cze  
;vzili..ble otherwise on v i s u . 4  inspec t ion  b y  q c d i f i e d  artiiLery inspec tors .  

(f) 	S c r v i c e a b i l i t y  o f  105m iivi2Ai Ho,.itzers: 

1. If gun cooks a-c a v z i k b l c :-
Li:;it far co:i&e~,n?.tioii- 6 w  lull serv ice  rounds, o r  stripping of the l&nds z s  outlisled below. 

-2. I i  &un books a r e  n o t  a v a i l a b l e ,  t h e  c o r d i t i o n  o f  s t r i p p i n g  o f  the  l a d s  will bc u t i l i z e d  t o  d e t e h n e  serviceability. 
h b K e  physiccl :ricisurel.:ent o i  tnc 1:nLtn oi s t r ipp ing  of each k n d  2a aCd these l e a b s .  11 r > m i t  is ,?eater than 
110 inches ,  t h e  tube  w i l l  be c o n d e a d .  

Ll i .  11t~s::!>=6 w rough l a d s  should be filed ta a2pro; *Le 	 to e n s u e  t h e  unobstructed OT rxiscc'l p a p e r  contour 

passage of t h e  p r o j e c t i l e .  
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