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FOREWORD 

This project was carried out under the title "Automation of Gun 
Barrel Bore Chromium Plating to Reduce Costs". This work was authorized 
as part of the Manufacturing Methods and Technology Program of the U.S. 
Army Materiel Development and Readiness Command and was administered by 
the U.S. Army Industrial Base Engineering Activity. 
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INTRODUCTION 

The transition to automated electroplating processing lines has been 
occurring in commercial organizations and within five years, some degree 
of automation will have become an essential part of all plating shops. 
Rising labor and material costs are compelling shop management to consider 
automation as a means of maintaining their business posture.  With auto- 
mation, the art of plating would be replaced by reproducible modern tech- 
nology.  Automation can also be used to handle complicated plating cycles 
which demand consistent pretreatments and bath dwell times.  Some of the 
advantages of automated processing include increased productivity (average 
of 20^) due to greater efficiency, increased product reliability, and 
reduced consumption of chemicals.  On the average, overall cost savings of 
25%  are obtained when automated processing procedures' are used. 

The current method of applying chromium electrodeposits to gun tubes 
is a manual, batch operation.  Each gun tube is racked, unracked and sized 
individually, twice during the process.  Manual control of hoist and con- 
veyance operation, bath dwell times and amperage control is required.  The 
reduction of labor time, of the necessary high degree of operator skill 
and of operator subjectivity is desirable.  Automated plating offers a 
potentially efficient method for mass or batch producing coated gun tubes. 

The objectives of this project were to prepare a purchase description 
for the procurement of an automated chromium plating system, contract for 
the purchase of the automated equipment, install and test the equipment, 
and to establish procedures for chromium plating small caliber rifle bores, 
This v^ork, conducted on a pilot line scale, was designed to provide infor- 
mation which will assist in the establishment of a full production scale 

operation. 

PROCEDURE 

The initial stages of the project involved survey of available equip- 
ment, actual procurement, and installation phases.  The experimental work 
was divided into three process evaluation segments:  the electropolish 
process, the chromium plating process, and finally, the automated process 
combining the electropolish and chromium plating sequence.  The gun tubes' 
used throughout this project were 5.56mm M16 rifle tubes made of Cr-Mo-V 
steel machined to final dimensions. 

Florence, CD., "Automating Electroplating for Survival," Industrial 

Finishing, May 1972, pp 12-19. 



The  electropolish  study was  made   to  determine   the   rate  of  stock 
removal   as   a  function  of  bath   use.     Conventional   bath   solution,   current 
density   (2.0  asi)   and bath  temperature   (l50oF)  were   used.     The  time  to 
remove   1.0  to   1.2  mils   per  side  as   a  function  of  bath   use  had  to be 
determined.     For  the  chromium plating  study,   plating  times  had  to be 
established   to  deposit   1.0   to   1.5  mils  of  chromium per  side.     Process 
parameters  of 2.5  asi   current   density,   1380F bath   temperature  and bath 
chemistry were  kept  constant   throughout   the  study.     After obtaining  the 
required  process   times   for electropolishing  and  chromium plating,   evalu- 
ation  of  the  automated  process  was   conducted.     Air  gauge  measurements  of 
the   internal   bore  dimensions  were  made   throughout   the  effort. 

DESCRIPTION  OF APPARATUS 

The  automated  plating  system was   procured   from  the   Udy 1 ite   Corporation 
(now  Oxy  Metal    Industries   Corp.),   Detroit,   Michigan.     The   automated   plat- 
ing   line   consists   of  processing   tanks,   a  hoist   used   to   lift   and   transfer 
work   to   various   processing   tanks,   and   automated   controls.      Figure   I   shows 
the   processing   sequences   For   the   automated   plating   line.     Note   that   the 
hoist   is    located   over   the   cold   rinse   tank   while   the   carriers   are   located 
in   the   chromium  plating   tank   and   load  position   at   the   start   of  the   auto- 
mated  process.     The   order  of  operation   is   shown   in   Figure   I   starting with 
the    load   position    (station    1)   and   finishing   at   the   same   location.      This 
process   differs   from   routine   chromium  plating   of   gun   tubes   in   that   no 
measurements   of   stock   removal   after  electropolish   are   taken   during   the 
automated  process. 

The   automated   chromium plating  equipment   consists   of   a   single   lift, 
automated   hoist   with   a   capacity   for   700   pounds   of   rack   and   load.     The 
hoist   transfer   drive  has   two-speed  options  with   a   single   speed   lift   drive 
system.     A   control   panel    for-   automatic,   semi-automatic,   and   manual   opera- 
tion   is   provided.     Carriers  which   support   the   rack   and   load   for  hoist 
pick-up   are  equipped with   300-ampere   capacity   bars   designed   for  mounting 
fixtured   gun   barrels.     The   carriers   are   furnished  with   gear   train   (for 
electrode   rotation)   and  electrode   terminals   for  each   barrel,    i.e.,   a 
separate   anode   pick-up   and   a   common   cathode   pick-up.      Racks   are   trans- 
ferred   to  the   various   tanks   following   a  preprogrammed   cycle.     Dwell   times 
in   each   tank   are   variable   and   depend   upon   the   selected   production   rate. 

The   solid   state   programmer  hoist   control   uses   a  photoelectric   tape 
reader   to   read   coded   instructions   from  an   8-channel   punched  numerical- 
control   tape.     The   program  control   tape   is   coded   using   a  Teletype   ASR   33 
or  ASR   35   unit which   employs   an   8-channel   A5C   II   tape   coding   system. 

The gun tubes are racked with the muzzle-end up in a rotating elec- 
trode fixture (see Figure 2). This fixture consists of lead-tin coated 
steel   electrode   and wound with   a Teflon   rod  spacer.     The  electrode   is 
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mechanically rotated within the bore by means of a flexible cable 
attached to an electric drive motor.  The rotating electrode fixture 
was developed at this Laboratory2 and adapted to the 5.56mm system. 
The self-centering nature of the rotating electrode eliminates the 
necessity for operator alignment. The rotating electrode is utilized 
in both eiectropolishing and chromium plating operations. 

Figure 3 shows two M-16 rifle barrels (A) being lowered into the 
chromium plating tank.  Attached to the carrier is a fixture contain- 
ing the rotating electrode.  On the top center of the electropolish 
tank (B) is the power source for rotation of the anodes.  Figure 3 
also shows a complete view of the automated plating line except for 
control panels. The arrangement of tanks from left to right include 
electropolish (B), cold water rinse (C), hot water rinse (D), cold 
water rinse (E), chromium reverse (F), and chromium plating (G, k 
stations).  On the extreme left is the loading rack (H) where elec- 
trodes, racks, and gun barrels are attached or removed from the 
carriers.  Overhead the tracks and hoists (I) used to move the car- 
riers from one tank to another can be observed. 

Figure k   illustrates the control panels for the automated plating 
line.  The panel on the left is the rectifier (A).  Each set of con- 
trols contain an ammeter, voltmeter and timer.  There are two sets of 
controls each for the electropolish and chrome reverse and eight sets 
of controls for the chromium plating tanks. To the right of the recti- 
fier is the automated control for the hoist (B).  During automatic 
operation all movements of the hoist are controlled by the programmed 
tape instructions read by the tape reader.  The hoist operates continu- 
ously without attendance by an operator. The hoist can be operated in 
both semi-automated or manual operation by use of a "Wobble Stick" on 
the console. 

The automatic operation may be interrupted during any part of the 
operation and switched to manual operation.  Also the automatic opera- 
tion can be controlled in a single step mode.  In this operation each 
step of the automated process is activated by pushing the "Step Tape" 
button.  In the third panel from the left (C) are located the controls 
for the operation of exhaust fan, air make-up units and fume scrubber 
(see Figure k).     On the far right are the controls for the rotation of 
the anodes (D). 

RESULTS AND DISCUSSION 

A.  Electropolish Process 

Because the M16 rifle tubes are machined to final dimensions, 
the determination of conditions for the removal of 1.0 to 1.2 mils per 

2 Sale, D. H., "Chromiurn P1 ating of Caliber .17 (4.32mm) Barrels' 
RE-TR-71-49, AD 729360, July 1971. 
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side  of  stock   in   the electropolish  process was  necessary.     Twenty-four 
5.56mm gun  tubes were electropolished  for various  time durations.    The 
tubes were  processed   in   pairs   starting with   10  minutes   for  the   first 
pair  and  then   the  time   interval  was  decreased   incrementally  to  k.5 
minutes   for  last  pair   (see Table   l).     After each electropolish,   measure- 
ments were made on  muzzle end  and  process  time adjusted  for succeeding 
runs.     The  average   rate  of  stock   removal   increased  from 0.16  mil   /minute/ 
side   for the   initial   gun  tubes   to 0.28 mil   /minute/side  for  the   last  gun 
tubes.      It  was  observed  that   a  steady-state   rate  could  not  be  obtained 
even  after the electropolishlng of 2k  gun   tubes.     Based on  these  findings, 
the  process   times  selected  for  the  automated  sequence  study were 6.5 
minutes   for the   initial   pair  and  decreasing  to  h.S  minutes   for  the  tenth 
pair of gun  tubes.     The  conventional   150oF bath  temperature and 2.0  asi 
current  density were maintained  for the  automated  cycle. 

B.     Chromium Plating  Process 

The  purpose  of  the  next evaluation  was  to  determine  parameters 
necessary  for obtaining a chromium plate of  1.0 to   1.5  mils  per side, 
the   requirements   for  the  manufacture of  5.56mm gun   tubes.     A  current  den- 
sity  of  2.5  asi   and   1380F bath   temperature were  determined  to be  satis- 
factory  for  use   in  the  chromium-reverse  and chromium-plating operation. 
Measurements were  taken   and  adjustments   in   plating   time were made  to 
obtain  desired  thicknesses  of  chromium  deposits.     Calculations  made  on 
the   rate  of  chromium deposition   (see  Table  2)   indicated  a   range  of   1.1   to 
1.8  mils  per  hour.     The  variation   in   the   rate  of  plating may  be  due  to 
fluctuating  efficiency  of  the   fixtures   In   conducting  the  current,   espe- 
cially  the   rotating  contacts.     Tubes  processed   In  65-80  minutes   resulted 
in  as-plated  diameters  below   the   required  minimum  diameter   (0,2190   inch), 
due   to excessive buildup of  the  chromium plate.     Several   of the  gun  tubes 
electroplated  between   50  and  60  minutes  measured within   the   range  of 
.2190   -   .2200   inch,   the   requirement  for   finished  5.56mm gun   tubes.     From 
the   results   (see Table 2),   It was   determined  that  a  50  minute  plating 
time   for  the  automated   runs would  yield  the  desired  after-plating  dimen- 
sions.     Table  3   lists   the bore  diameters  after electropolishlng and after 
chromium plating. 

C.     Automated  Process 

The  process was   automated  using  2k  additional   gun   tubes.     Process 
parameters  selected   for  the electropolishing  step were  current  density of 
2  asi, bath   temperatures  of   150^,   and  processing  times  starting  at  6.5 
minutes  and decreasing  to  k minutes   for  the   tenth  pair of  gun  tubes.     A 
50  minute  processing  time was  selected  for the  chromium plating  using 2.5 
asi   and   1380F  bath   temperature.     Measurements were  made on   gun   tubes 
before electropolIsh  and  after  completion  of  the  chromium plating.     No 
measurements   could be  taken  after electropolish   during  the  automated  cycle. 
Table  h  gives   information  on   diameter measurements   and electropolIsh  times. 
Twelve  of  the  2k  gun   tubes  processed  measured within   the  required   range of 
0.2190   to 0.2200   inch.     Six additional   gun   tubes were within  0.1   to 0.2  mil 



TABLE   I 

THICKNESS   AND   RATE   OF  STOCK   REMOVAL   IN 

ELECTROPOLISH   TANK 

Gun   Tube 
Numbe r 

1 D  Before 
Elect ropoli sh 

(1nches) 

ID  After 
E lect ropoli sh 

( Inches) 

Thickness  of 
Stock   Removed 

(Mils) 

Average  Removal 
Rate  per  Min. 

(Mi Is) 

T 
Elec 

(M 

i me  of 
t ropoli sh 
inutes) 

1 0.219*4 0.2226 1 .60 0.16 10.0 

2 0.2\3l* 0.2226 1 .60 0.16 10.0 

3 0.2195 0.2222 1.35 0.15 9.0 

u 0.2195 0.2223 1 .ko 0.15 9.0 

5 0.2195 0.2221 1.30 0.16 8.0 

6 0.2196 0.2221 1.30 0.16 8.0 

7 0.2195 0.222^ 1.45 0.21 7.0 

8 0.2195 0.222^4 1.45 0.21 7.0 

9 0.2196 0.2216 1 .00 0.17 6.0 

ID 0.2196 0.2218 1 . 10 0.18 6.0 

1 1 0.2196 0.2222 1.30 0.22 6.0 

12 0.2196 0.2222 1.30 0.22 6.0 

13 0.2196 0.2220 1 .20 0.22 5.5 

111 0.2196 0.2218 1 .10 0.20 5.5 

15 0.2197 0.2223 1.30 0.2k 5.5 

16 0.2197 0.2220 1.15 0.21 5.5 

17 0.2197 0.2223 1.30 0.26 5.0 

18 0.2197 0.2219 1.10 0.22 5.0 

19 0.2197 0.2223 1.30 0.26 5-0 

20 0.2197 0.2222 1.25 0.25 5.0 

21 0.2197 0.2217 1 .00 0.22 k.5 

22 0.2197 0.2218 1.05 0.23 k.5 

23 0.2197 0.2223 1.30 0.29 h.5 

ZU 0.2197 0.2222 1.25 0.28 k.5 



TABLE  2 

THICKNESS  AND  RATE  OF  CHROMIUM  DEPOSITION 

Gun Tube Plating Time Thickness* 
Number (Minutes) (Mils) 

1 80 2.5 

2 80 2.0 • 

7 80 2.0 

8 80 2.6 

k 80 2.2 

15 80 2.0 

17 72 1.9 

19 72 0.2 

23 65 2.2 

3 60 1.7 

11 60 1.7 

12 60 0.9 

20 60 1.9 

2k 60 1.6  . 

5 60 1.8 

9 50 1.7 

13 50 0.7 

16 50 1.8 

18 50 1.9 

10 50 1.9 

]k 50 1.8 

22 50 1.3 

21 50 1.4 

•- Measurements made at the muzzle. 

10 

Plating Rate 
(Mi Is per Hour) 

1.9 

1.5 

1.5 

2.0 

1.6 

1.4 

1.5 

0.2 

2.0 

1.7 

1.7 

0.9 

1.9 

1.6 

1.8 

2.0 

0.8 

2.2 

2.3 

2.3 

2.1 

1.5 

1.7 



TABLE   3 

BORE   DIAMETERS  AFTER ELECTROPOUSH  AND  CHROMIUM PLATING 

Gun  Tube 
Number 

1 

2 

7 

8 

15 

17 

19 

23 

3 

11 

12 

20 

2^ 

5 

9 

13 

16 

18 

10 

U 

22 

21 

-Measurements  made  at   the  muzzle. 

After  El ectropoli sh 
In ches- 

0. 2226 

0. ,2226 

0, .2224 

0, ,2224 

0 ,2223 

0, ,2223 

0 .2223 

0 .2223 

0 .2223 

0 .2222 

0 .2222 

0 .2222 

0 .2222 

0 .2222 

0 .2221 

0 .2221 

0 .2220 

0 .2220 

0 .2219 

0 .2218 

0 .2218 

0 .2218 

0 .2217 

After 
Chromi urn Plating 

Inches 

0.2175 

0.2186 

0.2185 

0.2190 

0.2187 

0.2184 

0.2185 

0.2220 

0.2178 

0.2188 

0.2188 

0.2205 

0.2184 

0.2192 

0.2184 

0.2187 

0.2207 

0.2183 

0.2200 

0.2187 

0.2195 

0.2188 

0.2193 
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TABLE   k 

BORE   DIAMETERS,   BEFORE  AND AFTER AUTOMATION  PROCESS 

After Chromium Plating 

Gun  Tube 
Number 

Before  Electropolish 
Ai r  Gauge Muzzle 

(Inch) 

Ai r  Gauge 
Breech 
(Inch) 

0.2170 

Ai r  Gauge 
Muzzle 
(Inch) 

0.2170 

Time  in 
Electropoli sh 

(Minutes) 

25 0.2197 6.5 

26 0.2197 * * 6.5 

27 0.2197 0.2203 0.2196 6.5 

28 0.2197 0.2201 0.2200 6.5 

29 0.2197 0.2193 0.2190 6.5 

30 0.2197 0.2193 0.2190 6.5 

31 0.2197 0.2201 0.2194 6.5 

32 0.2198 0.2203 0.2195 5.5 

33 0.2198 0.2186 0.2190 5.5 

34 0.2198 0.2197 0.2192 5.5 

35 0.2198 0.2194 0.2191 5.5 

36 0.2198 0.2190 0.2190 5-5 

37 0.2198 0.2188 0.2190 5.0 

38 0.2 198 0.2193 0.2188 5.0 

39 0.2198 0.2190 0.2194 5-0 

ko 0.2198 0.2192 0.2194 5-0 

k\ 0.2199 0.2197 0.2194 4.5 

h2 0.2199 0.2197 0.2190 4.5 

43 0.2199 0.2195 0.2195 4.5 

kk 0.2199 0.2195 0.2195 4.5 

45 0.2200 0.2195 0.2 188 4.0 

46 0.2200 0.2193 0.2190 4.0 

47 0.2200 0.2189 0.2192 4.0 

48 0.2200 0.2193 0.2193 4.0 

cNo  chromium plate 
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of  the  acceptable   range   for bore  dimensions.     Five of  these  gun   tubes  had 
insufficient   taper.      In   genera!,   the  appearance  of  the  chromium plating 

was   satisfactory. 

Since  each  electropolish  and  chromium bath   formulations  produce  a 
variation   in   stock   removal   and   rate  of  chromium deposition,   respectively, 
these   rates  must  be  determined   individually   for  particular bath   chemis- 
tries  before  this  process   can   be  automated.     A  sufficient  number of  gun 
tubes  must  be  electropolished  before   the   rate of stock   removal   reaches   a 
steady-state  value.     A  check  on   the   rate  of  stock   removal   after each 
additional   50  gun   tubes   are  electropolished   is   also  recommended.     Measure- 
ments  should  also be  made  at   regular   intervals  on   the   finished  chromium 
plated  gun   tubes   to  determine   if  the  bore  diameters   are   in   the  acceptable 
range.      In  order  to control   the  amount  of  stock   removal   in   the  electro- 
polish  and  thickness  of  chromium plate,   it  may  be  necessary  to  change 
processing  times  during  the  automated  process.     Obtaining   information  on 
stock   removal   rates  may not  be  an  easy  task  since   it  requires  several   gun 
tubes  and  a  number  of   runs.     With   the  advent  of newer  gun  tube   fabrication 
processes  as   rotary  swaging,   the  electropolishing  sequence  can  now  be 
eliminated   for  a  majority  of  gun   systems.     Pre-plating  dimensions  and 
desired   rifling  contours   can  be  obtained with   rotary   forging.     With   the 
elimination  of electropolishing,   automation  of  chromium plating of  gun 
tubes  would  be  an  easy  task.     However,   in  order  for  the  process   to be 
cost-effective,   a   large  quantity  of  gun   tubes  must  be  produced,   e.g.,   buy 
quanti ties  >200,000. 

SUMMARY 

Automated  plating  of  small   caliber  gun   tubes  has  been   shown   to  be 
feasible.     Optimum parameters   for electropolishing  and  chromium plating 
were   determined  by  processing   twenty-four  5.56mm Ml6  gun  tubes.     Conven- 
tional   current   densities,   bath  solutions,   and  bath   temperatures were 
acceptable   for  use   in   the  electropolishing  and  plating operations.      It 
was  necessary  to   reduce  the electropolish  dwell   times with  the  number of 
gun   tubes  processed.     Dwell   times   for  both  the  electropolish  and  electro- 
deposition  operations  had   to  be  determined   independently.     Rates  of  stock 
removal   must  be  determined  for  specific  production   cycles.     A  sufficient 
number  of  gun   tubes  must  be  processed  to  determine  the   steady  state   rate 
of electropolish.     Elimination  of   the  electropolishing  step  as   currently 
practiced with   rotary  swaged  gun   tubes  would  substantially   reduce  the 
difficulties   in   automated  processing. 

RECOMMENDATIONS 

I.     The  electropolish  operation   be  eliminated  through   the   use  of 
rotary  swaged  gun   tubes which  have  been   formed  to  pre-plating  dimensions, 

13 



2. Automated chromium plating of small caliber gun tubes be implemented 
to full scale production when buy quantities are sufficient (>50,000 bbls) 
to make automated processing cost effective. 

3. For automated processing, each electrode circuit (for each gun 
tube) should have a fail-safe system whereby undesirable current density 
does not occur. 

]k 
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