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MErHOD AND APPARATUS FOR THE 
SURFACE TREATMENT OF PARTS 

Field of the Invention 

This invention relates to the surface treatment of 
5 parts, more particularly metal parts and, althou9h not 

limited thereto, the invention is especially adapted 
for use in an electroplating system for efficient 
platinq and transportation of the parts to be plated 

from a parts-supply through various pre-treating, 

10 plating and post-treatment baths. 

lackground of the ~nvention 

In the so called batch or barrel plating of metal 
parts, the parts to be plated are placed in a 
pertorated barrel or ~asket carried en an overhead 

is track system so as to move the parts from one station 
to the next. The stations comprise in a qeneral way, a 
series ot tanks eontainin~ pre-treatment, plating and 

post-treatment solutions. At each of the various 
stations, the barrel or basket of parts is lowered into 

20 a particular solution so that procedures suoh as 

cleaning, etching, removal of 'flashing, pl.ating, 
rinsinq and drying can take place. 

,· 
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Various problems exist with barrel plating 
operations of the kind referred to. 

One problem is that in movinq a barrel trom one 
treatment station to another, it is next to impossible 

5 to control spil1aqe of the treatment solution which 
drains from and cb:'ips off of the barrel as it is 
removed from the bath and transferred to the next 
station. 'In addition, since drainaqe is relatively 
slow, the entire process will be slow or else 

10 considerable contamination of one bath with the 
solution from a precedinq bath occurs. Of special 
concern is the dilution of the electrolyte with 
solution from a preceding bath. In addition, because 
the barrel must a.ove trom one bath of solution to the 

1S next by •eans of a track, it is difficult and expensive 
to ~ashion hoods or covers for the baths and, 
consequently, evaporation of solution and the release 
of fwn.es into the atmosphere is difficult to control 
and is viewed as a significant enviromaental hazard. 

20 still further, being essentially a batch operation, 
throughput of parts treated is relatively low. 
Difficulties in circulation of electroplatinq solution 
around the parts bein9 plated exist, and hiqh plating 
voltages must be used which not only means that the 

25 process is relatively inefficient but that anode life 
is relatively short. 

Swpmnr,y anc! Q9j@gts of the Invention 

~he present invention involves method and 
apparatus tor surface treatment of small objects in 

io general and, in particular, to method and apparatus 
adapted to treatments such as the electrolyt_ic plating 
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of such objects in a platinq systeJll camprising 
independent tariks.or trou9ha containing treatment 
solutions necessary for the plating process. The 
system contemplates the replacement of the conventiona1 

5 barrels or· baskets for transporting parts from one 
treatment bath to the next with individual tumbling 
conveyors of modified form but of the general type 
disclosed in my u.s. Patent Na. 4,115,960, granted 
September 26, 1978 (.Reissue Patent Ne. 30,977). 

10 In accordance with the invention, parts receivinq 
tum.blinq conveyors are positioned within some or all cf 
the treat.Jaent tanks within the plating system. As 
compa~ed with the tumblinq conveyors disclosed in u.s. 
Patent Re. 30,977, each such conveyor is mounted for 

15 movement between a raised position where it receives 
parts, a lowered position where the parts are tumbled 
within a particular solution during a treatment and 
additional raised drain and transfer position in which 
the p~s are removed frol'll the solution and My be 

20 tumbled and/or transferred to the next station. At the 

end of a treatment period, the tumbling conveyor shifts 
to the ~aised drain position for draina9e of solution 
accompanied by dryin9 in a stream of dryin9 air, it 
desired, followed by shifting to be transfer position 

25 for discharqe of the treated parts to a subsequent tank 
where the parts are received at the input end of a 
subsequent tumblinq conveyor. Adjustment of conveyor 
belt speed and slope :may be provided as may be found 

30 

necessary durinq a treatment procedure. 

Althou9h equipment for detlasbinq parts and tanks 
equipped with conventional conveyors or chutes may be 

used in soma parts of a system, it is preferred that 
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all tan,ks within the system be equipped with twabling 
conveyors of the kind described. It is highly 
advantaqeou~ that conveyor means be provided for 
transportinq and tumblinq the parts throuqh each 

5 treatment bath. In the bath where plating occurs, an 
anode and cath()(Je are d~sposed in relation to the 
tumbling conveyor so that as the conveyor tumbles the 
parts within tbe electrolytic solution, an electric 
current flows from the anode through tbe solution to 

' 10 the parts and from thence to a cathode secured to the 
conveyor and positioned to maintain electrical contact 
with the parts beinq tum.bled. An important aspect of 

the tumbling conveyor mou~ted within the plating bath 
is that the conveyor surfaces liable to be conta~ed by 

15 the parts within the bath of solution are electrically 
non-conductive and chemically inert with respect to the 

solutions contemplated so that plating.or corrosion of 
the conveyinq equipment does not occur. Preferred 
methods of operation at the platinq station involve the 

20 use of cathode danglers spaced above the conveyinq and 
tumbling surf aoe and an electrolytic pumping manifold 
for circulating fresh electrolyte in the region of the 
tank wherein the parts and the anodes are located. 

Objects and advantages of the invention include 
25 increased efficiency in the platinq of small objects 

and substantial elimination of spilla9e and complete 
recovery of potentially pollutin9 solutions utilized 
during the plating.process. Related abjects are the 
provision of simplitied and efficient means for 

30 cleaning and promotinq uniformity cf plating and 
substantial elimination of cross contamination of 
cleaning, plating and rinsinq solutions. Other 
objectives include provision of apparatus and method 
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for sur~ace treatment of small objects and, i~ 

particular, for plating equipment and method whioh 
permits efficient transfer of the objects from one 
station to the next while accommodating exhaust 

5 equipment for removal of noxious fumes and dryers for 
air drying of treated objects pripr to conveyance from 
a treatment tank. Still f\U:ther objects involve 
provision of a system which permits the reduction of 
anode.volta9es and disposition of parts to be plated in 

10 a region of optimum solution circulation and current 

density. Additional objects include the achievement of 
increased anode life and !3provements in the 
circulation.ot electrolyte. 

15 

Brief Descriptipn of the Drawings 

FiCJUre 1 is a side elevational view of a plating 
system incorporatinq the present invention; 

Figure 2 is an end view of a plating tank used in 
the platinq system of Figure 1; 

Figure 3 is a side view of the platinq tank of 
20 Fiiqure 2; 

Figure 4 is a side view of the conveyor frame 
assembly of a conveyor device utilized in conjunction 
with the invention; 

Figure 5 is an end view of the conveyor ~ra•e 
25 assembly of Fiq~re 4; 

Figure 6 is a plan view of the conveyor frame 
assembiy of Figures 4 and 5; 
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Pigure 7 is a view si.lnilar to Figure 4 showing tbe 
assembled conveyor device; 

Fi9UX"e 8 is a front view at the conveyor device of 
Figure 71 and 

Figure 9 is a top view of the conveyor device of 
.Pigures 7 and a. 

Detailed Description of an Illustrative 
E;mbodiment o~ the Invention 

In aescribinq the invention, reference is first 
10 made generally to Fiqures l and 3 which illustrate the 

principles of the invention as applied to a simplified 
batch plating system. The exemplary plating system of 
Piqure l is comprised of three serially spaced tanks 
10, 11 and 12, each intended to contain liquid 

is treatment solution within whieh batches of the objects, 
such as small electrical parts to be plated, are 
serially immersed. Each tank is preferably 
substantially rectangular in Cl:'oss section being 
comprised of a bottom wall 13, side walls 14 and end 

20 walls 15. The tanks are typically opened at the top, 
although hoods or eXhaust systems for removal of toxic 
vapors are desirably provided tor any tank havinq a 
solution with volatile colllponents. In a typical 
system, the tanks are :mounted on pallets 16 so that 

25 they can be easily moved by a forklift or si•ilar 
device. 

In the exempl&l:'y system, tank 10 is filled with 
one of a number of knotm cleaning or rinsing solution, 
which is provided as a pre-treatment tor objects to be 

30 plated. Additional pre-treatment tanks and/or other 

r 
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equipment 111ay be provided for the purpose o~ surface 
treatment, such as equipment for tumbling and blasting 
or tanks for etching in an acid bath to enhance the 
platinq effectiveness and for the rinsinq of the 

s objects in a rinsing solution for the removal of 
surface contaminants or an etchant and/or cleaninq 
solution as may be required. Means are providQd for 
circulation, as well as addition of and drainage of the 
solutions within the cleaning er other pre-treatment 

10 tanks. 

In the preferred embod.ilnent of the invention, the 
platin9 tank and, more preferably, the several pre- and 
post-treatment tanks are each provided with a 
continuous belt, t~ltable conveyor and tumblinq device 

15 of a type similar to the conveyor device disclosed in 
my prior u.s. Patent No. 4,115,960, reissued as u.s. 
Patent Re. 30,977 on June 22, 1982. 

With reference first to Fiqures l and 4-9, there 
is ill~strated a plating system incorporatinq conveyor 

20 devices for tumbling an4 transf errinq small objects in 
accordance with the invention. In qeneral, each of the 
conveyor devices has a flexib1e continuous belt having 
an upper run on which batches of parts are deposited. 
The upper run has a 9enerally concave contour and is 

25 tiltable upwardly into a position in which advancement 
of the belt in the direction of arrow HA" causes a 
tumbling of the objects on its surface. Zn pre~erred 
form, each conveyor device, generally indicated at 17, 
comprises a pair of parallel side frame plates 18 

3·0 joined together :by suitable crass bars 19 (Figure 6). 
Coaxially aliqned stub shafts 20 project outwardly from 
the side frame plates 18 and provide a pivotal mountin9 

T 
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means for pivotally mounting each conveyor device on 
side plates 21 which are suitably supported on the side 
walls of eacb of tanks 10-12 (Figures land 2). Also 
carried by the side frame piates 18 is a belt drive 

5 roller 22 and a pair of spaced apart idler rollers 23 
and 24 which support and guide the conveyor belt 25 
which is of relativeiy open or porous construction. 
Drive rol~er 22 is preferably a motorized rol1er of the 
Power Koller~ type supplied by Itok Electric company, 

10 Ltd. of 1146-2 Asazu,ma-Cho, Kasai, Hyoqo -679-01, Japan 
and utilizes an electrio motor, not shown, mounted 
internally or the motor. 

For r.._sons to be described hereinafter, conveyor 
belt 25 is formed of an electrica1ly non-conductive 

15 material, for example, a flexible polyester, in woven 
form. The belt is preferably provided with a 
polyurethane coverinq on which flexible projections 
indicated by the "X" marks in Fiqures 9 and 10 are 
p~ovided. Spaced apart perforations 27, a 

20 representative number of which are shown in Figure 8, 
are uniformly distributed over the belt surface, to 
allow fo~ a free passaqe of treatment solution. 

As can be seen in Fiqures 1 and 7, the rollers 22 

are mounted in an offset relationship with respect to 
25 the axis of rotation of stub shafts 20. Idler rollers 

23 and 24 are aounted so as to allo~ the upper run ot 
the conveyor belt.to follow a generally concave 
profile, as viewed in Figures 1 and 7. 

In carrying out the invention, each.conveyor 
30 device is desirably provided with an open bopper 28 

which serves to receive and contain a batch .of objects 



WO 95110644 ~· ~----------: PCTIUS'4/11483 

9 

bein9 treated on the sur:face of the upper run. Each 
hopper 28 is provided.with side walls 29 secured to the 
inner surf ace of each side frame plate 18 and a front 
end wall JO disposed ~t its loadincJ end. As seen in 

5 Figures l and 3, the side walls and the front end wall 
are perforated, as shown at 29a, to facilitate 
circulation and drainage of solution. As in the units 
described in u.s. Patent Re. 30,977, the side walls are 
preterably formed with curved lower edges 29b which 

10 constrain the upper run of eaeh con~eyor belt to follow 
the concave contour. The end wall JO at the load 
receiving end of each hopper terminates short of side 
walls 29 so that a relatively larqe open area 37 is 
farmed. This opening permits easy loadin~ and 

15 faci1itates circulation of solution, as wi11 be 
explained hereinafter. 

In accordance with the invention, ~eans are 
provided for angularly disposinq each conveyor unit in 
any one of a plurality of positions within. the tanks 

20 io-12, as illustrated in the three tanks of Fiqure 1. 
Preferably, this means comprises extendable actuators 
32 pivotally •ounted on plates 21 at 33 and driven by 

electric motors 34 through a worm and qear, not 
illustrated. The actuator 32 is rotatably affixed to 

25 one side frame member on transverse axis 35 spaced 
generally above an axis extendinq through stub shafts 
20 and is extendable and retractable .by operation cf 

motor 34. 

In general, actuators 32 constitute means fer the 
30 pivotal rockinq of each conveyor unit to a first, 

raised po~ition is fully extended, as shown in the 
left-band tank 10, to a second or intermediate 
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position, shown in the center tanlt 11, and finally a 
third or treatment position, as shown in tank 12 ot 
Figure 1. On account o.f the offset location of axis 35 
in relation to the axis of the stub shafts 20, the 

5 discharge end of the conveyor extends over the edge of 
its tanlt to a position overlying the next adjacent tank 
when the conveyor is in the first, raised position 
ailowinq parts advance~ on the upper run of the 
conveyor to be deposited on a receivinq conveyor which 

lO is positioned in the second position, as illustrated in 
tank 11, by the pivotal roe.king means for that tank. 
When the actuator is. fully retracted, which is the 
position illustrated in tank 12 in Fiqure l, the parts 
are fully immersed in the solution within the tank~ 

15 The approximate level of solution within the tanks is 
indicated by broken line 11LH in Fiqure 1 .. 

As turther illustrated in Fiqure 1, the ends of 
side walis 29 of bopper 28 have an anqled profile, as 
shown at 36a and 36b, to provida that when a first 

20 conveyor device is located in the first, raised 
position, as illustrated in the view of the left-hand 
tank of Figure l ~nd the second conveyor device is in 
the second or intermediate position in which parts are 
received, as illustrated in the center tank of Figure 

25 l, the edqes 36a and 36b ot the respective rear and 
front ends of the hopper side walls of adjacent 
conveyo% units adjoin one another to form a continuous 
wall surf ace which serves as a guide means for the 

parts as they are passed from the surf ace ot one 
30 conveyor device to the next.. In addition, the top edge 

of front end wall 3 o of the hopper for a s.econd 
conveyor device will be positio~ed just adjacent the . 
discharqe end at the belt of a tirst conveyor unitr 
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thereby assuring a smooth and an unrestricted passaqe 
of parts from one conveyor to the next .. 

Still further and as best shewn in Fit;ture 2, the 
hoppers 28 a:re preferably divided by 211eans of one or 

.5 :more partitions 38, which extend lenqthwise of the 

upper run of each conveyor and serve as a means for 
conf ininq a batch of parts to a smaller area when 
smaller batches of parts are being proc:essed. 

In the operation of the equiP1ent so far 
10 described, a conveyor unit receives parts when in the 

second or intermediate position, as shown in tank 11 in 
Figure 3. A suitable load of parts is deposited onto 
the upper run ot conveyor belt 25 by·ueposit through 
the relatively larqe opening 37 at the loading end of a 

15 hopper 28. Once the parts are deposited on the upper 
run of conveyor belt 25, tbe conveyor unit is lowered 
to the third or ·treatment- position by retraction of 
actuator 32 so that upper run slopes steeply upwardly 
and the parts are totally immersed within the liquid 

20 solution within th~ particular tank in which the 
conveyor unit is mounted, as is seen for example in the 
view of tank 12. Advanceii;aent of the.upper run of the 
conveyor belt 25 in the direction of arrow "A" cause.s a 
tumbling of the parts Within the hopper and assures 

25 that all surfaces of all parts on the ]:)alt are 
completely and continuously e~osed. to the treatment 
solution.· Twllblinq is facilitated by the projections 
on the-belt 25 which act tc draw the parts up the 
relatively steep slope ~efora they fall back towards 

30 che lcadin9 end of the upper run. 
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Followin9 a period of tumbling in ~ny particular 
tank, the actuator 32 is again partia1ly extended to 
the second or intermediate position to allow for 

drainage of solution, as illustrated in Fiqure 3. In 
5 this position, the parts may be further twabled DY 

advancement ot conveyor belt 25. The surface of the 
upper run of the conveyor belt in the second position 
is well above the liquid level within the tank, and the 

. conveyor is desirably maintained in this position with 
10 optional twablinq of the parts for a period of time to 

allow the solution to drain through the perforations in 
the hopper and the belt. If aesired, an air b1ower 39 
is positioned above any treatment tank to direct a flow 
of dryinq air downwardly onto the parts so as to 

15 further taci1itate the removal of treatlnent solution. 

The first or discharge position o~ each conveyor 
unit is with actuator 32 fully extended, as can be seen 
at the left-hand side o~ Figure 1. In this position, 
the conveyor is fully elevated with its input end 

20 raised relatively to its discharge end and its 
discbarqe end extending out of the tank in which it is 
mounted into the next tank. In this position, 
advancement.of the ~onvayor belt in the direction 
indicated by at"row "A91 causes the parts t~ be 

25 discharqed aither directly into a conveyor unit in the 
next tank, as shown in Figure l, or if the last 
conveyor unit in a series ~s in such position, the 
pa~ts are discharged from the system to other handlin9 
equipment, not shown. 

30 As indicated above, the preferred mode of 
operation contemplates that tank 11 of Fi<JUre 1 be 
equipped for electroplating of the parts passing 
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through the treatment system. For this purpose, anode 
means, which preferably comprises a plurality of anode 
baskets 40, are provided. As can be seen in Figures 1-
3, the anoae baskets 40 are suspended by means of 
spaced hanqers 41 suspended from a bus bar 40a mounted 
adjacent the input end of each tank. :In the preferred 
embodiment, "the anode material within baskets 40 
comprises sintered nuqqets or balls of the plating 
metal. As is understood by those of ordinary skill in 

10 the art, the baskets are typically formed of titanium 
metal or stainless steel, altbouqh plastic •aterials 
may be suitable for t.he purpose. 

Affixed to the top of each of the hopper side 
walls 29 is a bus bar 42 from which a plurality of 

15 spaced apart braided, flexible cathodic elements 43 
preferably formed of flexible conductive wire made of 
copRer or aluminum are suspended. These cathodic 
elements, termed •danglers" by those in the art, are of 

a· len9th sufficient to establish electrical contact 
20 with parts on the conveyor belt as the parts are ~einq 

tumbled when the conveyor is pivoted to the plating 
position. In this position, the load of parts is 
completely immersed within the electrolytic solution. 
An electrical currant path and ion flow is established 

25 from anodes 40 and 41 through the ions within the · 
solution through the open end of hopper 28 to the 
parts, thereby effectinq plating cf ~11 surfaces of the 
parts as the parts are tumbled. As understood by those 

in the platinq art, all conveyor and hopper parts 
30 subject to itnmersion in the p1atinq soiution are either 

electrically isolated or ~ormed of a plastic or other 
electrically non-conductive material. 
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To provide for a continuous circulation of platinq 
solution, the plating tank is preferably provided with 
a solution pump 50 located at one side having an inlet 
51, as best shown in Figure 2. A baffle 52 is spaced 

5 adj~cent to pump so. Solution is drawn over the top of 
the baffle 52 into inlet 51 and discharged from pump 50 
throuqh a discharqe pipe 53 to spargers 54. Spargers 
54 are disposed adjacent to the anode baskets 40 to 
direct an upwardly flowing circulation path over tbe 

10 surfaces of the anode baskets to the parts. Spargers 
54 preferably include a pair of transversely extending 
pipes s'a and ·54b, shown in Figures 2 and J. Each 
spar9er has spaced perforations 55 through which the 
solution is discharged maintaininq a constant 

15 circulation mixing to maximize the availability of a 
constant supply of metal ions for platinq purposes. 

In summary, parts to be plated are first deposited 
onto the surface of a first conv•Y.Pr 17 which is 
located within a pretreatment tank 10 throuqh the 

20 rearwardly facing opening in the hopper 28 of that 
particular conveyor, the conveyor being located in the 
intermediate or load receiving position which 
corresponds to the position shown ~or tha conveyor 
located within tank 11 in Fiqure l. The control ~eans, 

25 shown schematically at 60 in Figure 3, allows for 
movement of the first conveyor to the position 
~or~espondinq to the position shown in tank 12 in 
Figure l in which position the parts are immersed 
within the solution contained within tank 10. The 

30 control means provides for advance of the conveyor belt 
and a tumbling ot the parts being treated for a period 
of time sutf icient to treat the parts as by rinsing in 
a suitable cleaning solution. At that point, conveyor 



-. 
-. 

W09S/10644 PCTllTS94/11483 

15 

belt is tilted to the intermediate position shown in 
tank 11 tor a period of time suff ioient to perm_i t 
drainage of solution back into the tank 10. If desired 
when in this position, an air blower 39 may be used to 

s assist in the removal of the solution. Finally, the 
control means causes the actuator to move the conveyor 
to the raised position, as shown in tank 10 of Fi9ure 
1, wherein it is raised by an amount sufficient to 
transfer tbe parts to the conveyor in tank 11 upon 

10 advance of the conveyor belt 25. Following deposit of 
all parts on the upper run of second conveyor belt 25, 
the tirst conveyor 17 is returned to the position 
correspandinq to the position shown for the conveyor in 
tank 11 for receipt of the next load of parts. The 

15 conveyor in the second tank 11 is lowered so that the 
parts are totally illllllersed in the electrolyte and are 
su~jected to a tumblin9 action. As the parts are 
tumbled, they are contacted by the cathode danglers 43 
and a electric current path is established from anodes 

20 40 to the cathode dan9lers 43 causin9 deposit of metal 

ions onto the surface of the parts as they are tumbled. 
Following piating, the second conveyor is e1evated to 
the inter•ediate position shown ~or drainage and drying 
prior to movement to the elevated discharge position 

25 where they are ready to be deposited onto the surface 
o.t the conveyor in the third tank 12. The sequence of 
operations in the third tank is essentially the same as 
that described above with respect to the first two 
tanks with the conveyor baing positioned by actuator 32 

30 in an intermediate position for receipt of parts, a 
lowered position for ·rinsing, a return to the 
intel:'Jllediate position for _drainage of solution and a 
raised position for discharge from the plating system. 
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It can be appreciated from reference to Figure 1 
that the parts are fully immersed in solution and 
tumbled while being plated. Because free, unrestricted 
circulation of solution is effected, plating is 

5 extr81llely efficient. A much lower voltage drop from 
anode to cathode results. In comparison with prior art 
barrel platers which require proportionally higher 
voltages at the anode to have the necessary voltaqe at 
the parts to achieve platinq, the present invention 

10 permits a substantially lo~er voltaqe at the anode. 
Because of lower voltaqes anode oxidation and 

destruction is retarded and while at the same tine 
achievinq faster plating. Because of the tmabling 
action, all surfaces of the parts are plated with a 

· 15 uniforDL layer of platinq material. 
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WHAT IS CLAIMED: 

1~ Apparatus for the ~urface treabnent of 
objects comprising: 

a belt-type conveyor havinq a first run with 
S a generally upwardly facinq support surface for said 

objects, includinq a loading end for receivinq objects 
to be treated and a dischar9e end for the discharqe of 
treated objects towards the other end thereof; 

10-

a frame for said conveyor; 
a plurality of generally horizontal1y-

extendinq rotative conveyor belt supports mounted on 
said frame, including a pair of rotative supports at 
the loading and discharge ends thereof; 

drive means for rotating one of said supports 
-15 for effectinq advance of said first run in a direction 

towards said discharge end; 
•eans establishing a concave protile for said 

support surface of said first run, said concave profile 
··· .. 

extending axially of said first·run; 
20 piv~t means for impartinq tiltinq movement to 

said belt-type conveyor together with said fraDe and 
said rotative conveyor belt supports, said pivot means 
providinq a first position for said first run in which 
said loading end is raised relatively to said dischar9e 

25 end, a second position for said first run in which sa1d 
loading end is lowered a first predetermined amount 
reiatively to said discharge end and a third position 
for said first run in which said loading end· is lowered 

a second predetermined amount greater than the first 
30 predetermined a.mount; 



., 
.. , 

\\'095!10644 PCJ'/US941ll483 

111111111111111111111111111111 
* C L M S * 

18 

said third position being a treatment 
position in which said first. run has a relatively steep 
slope tor subjectinq said objects to a tu1DDlin9 action 
upon advance of said first run by said drive means; 

5 said first position J:>eing a dischar9e 
posi·tion in which objects are discharged from the 
discharge end. of said first upper run followinq a 
treatment operation; and 

said second position being an intermediate 
10 position allowing for receipt of a load ·of objects onto 

the loadinq end of said upper run. 

2. Apparatus according t~ Claim 1, wherein said 
pivot means includes a pivot axis for pivotinq to belt­
type conveyor to said first, second and third positions 

15 at the discharge end of said first run. 

3. Apparatus according to Claim. 2, wherein the 
rotative conveyor belt support at the discharqe end at 
the run is o.f'fset above the pivot axis and extends 
axially beyond the pivot axis when the first run is in 

20 tbe first position. 

4. Apparatus according to Claim 3, wherein said 
drive means is rotatively connected to the rotative 
support at the discharcJ'• end of said first run. 

5. Apparatus according to Cla:i.:m 4 , wherein the 
25 drive means comprises an electric motor positioned 

within said rotative support in coaxial relationship 
therewith. 
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6. Apparatus according to ciaim 5, further 
including an open tank for containing treatment 
solution for surtaoe treatinq of .said objects, said 
pivot means providinq for tilting movement of said 

s conveyor De:ing mountea en said tank for movement of 
said upper run to said first, second and third 
positions relatively to said reservoir, said first run 
of said conveyor being positioned by said tilt ~eans to 
iiamerse 5aid objects within said solution when said 

10 first .run is in said third position •. 

7. Apparatus according to Claim 6, wherein said 
objects are metal and said treatment solution is an 
electrolytic solution, anode means comprising a plating 
metal suspended within said solution disposed in fixed 

15 relationship to said upper run, means establishing a 
current path including said anode, the electrolytic 
soiution and the objects to be plated. 

8. Apparatus according to Claim 7, further 
includinq flexible elongated electrically conductive 

20 cathode melabers suspended above.said first run, said 
electrically conductive cathode ~embers being of a 
1engtb sufficient for maintaining electrical contact 
with objects subjected to tumbling action on said first 
run. 

25 Apparatus aocordinq to Claim 1, further 
includinq an open tank containinq a bath of a liquid 
treatment solution for surf ace treatment of said 
objects, means for maintaining said treatment solution 
at a predetermined level within said tank, said pivot 

30 means being fixed to said tank and control means for 
operating said pivot means for pivotally mcvin9 said 
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belt-type conveyor to said second position tor receipt 
of objects to ))e treated, next to said third position 
for surface treatmeht of said objects by iJl'llllersion of 
said objects within said treatment solution, then to 

5 said second position for drainage of said solution back 
into said bath and thereafter to said first, raised 
position for discharge of said objects from said upper 
run. 

10~ Apparatus according to Claim 9, ~herein said 
10 oDjects are metal and said liquid treatment solution is 

an electrolytic solution containing metal ions to be 
plated on said objects, anode means comprisinq a 
plating metal suspended within said solution adjacent 
to the loading end of said first run and cathode means 

15 including flexible conductive cathode elements 
suspended. above said first run, said conductive cathode 
elements beinq dimensioned to :maintain electrical 
contact with objects subjected to tumblinq action on 
said first run. 

20 ll. Apparatus accordinq to Claim 10, ~herein said 
anode means comprises plural ])askets containinq 
discrete pieces of said plating metal. 

12. Apparatus accordinq to Claim 11, wherein said 
belt-type conveyor comprises a flexible :belt. having 

25 openings of size and density sufficient to perlllit free 
draina9e ot •lect~olytic solution when said belt-type 
conveyor is moved from said first position to said 
second position. 
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13. Apparatus according to Claim 6, ~urther 
.including a second tank containinq a treatment solution 
disposed adjacent to said first named tank, a second 

· belt-type conveyor mounted within said second tank, 
5 said second belt-type conveyor havinq a ~irst run 

incluaing a loadinq end for receiving objects to be 
treated towards one end thereof and a discharqe end for 
the discharge of treated objects towards the other end 
thereof; 

10 said second belt-type conveyor includinq a 
plurality of qenerally horizontally extendinq rotative 
conveyor belt supports including a pair of rotative 
supports at opposite ends thereot; 

drive means for rotating one of said supports 
15 of said second belt-type conveyor ~er effectinq advance 

of said first run of said second belt-type conveyor in 
a direction towards its said discharge end; 

pivot means for ;mpartin9 tilting movement to 
said second belt-type conveyor together with said quide 

20 means and said rotative conveyor belt supports, said 
pivot means providing a first position in which said 
loadinq end is raised relatively to said discharqe end, 
a second position for said first run in which said 
loadinq end is lowered a first predeteX'Jllined amount 

~5 relatively to said discharge end and a third position 
for said first run in which said loading end is lowered 
a second predetermined amount in which said loading end 
is lowered a second predetermined amount qreater than 
the first predetermined amount; 

30 said first position being a discharge 
position in which objects are diseharged. from said 
first upper fcllowinq a treatment operation; 
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said second position bein9 an intermediate 
position allowing for deposit of a load of objects onto 
the loadinq end of said upper run; 

said third position being a treatment 
s position in which said first run has a relatively steep 

slope for subjectin9 said objects to a tlmtbling action 
upon advance of said first run by said drive means; and 

said first named and said second belt-tYPe 
conveyors being relatively positioned to deposit 

10 objects to be treated on the tirst run of the second 

belt-type conveyor when the second conveyor is in the 
second position and the first named conveyor is in the 
first' position. 

14. Apparatus for surface treatment of small 
15 parts in series of treatment solutions contained in a 

series of separate tanks spaced in side-by-side 
relationship, said apparatus comprising: 

a-l:>elt-type conveyor :for each tank o~ said 
series, each said conveyor havinq an upper ~un, 

20 including a loading zone at one end for rec·eivinq 
objects to be treated and a discharqe zone at the other 
end for the discharge of treated objects, said loading 
zone being adjacent one side wall of the tank and the 
discharge zone bei?UJ adjacent the opposite wall 

25 thereof; 
means forming a concave protile to said upper 

run of each belt-tYPe conveyor; 
drive means inc1uding rotative supports at 

the loadin~ and discharqe ends of the upper run tor 
30 effecting advance of said upper run towards said 

discharge zone; 
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position shifting means for moving each said 
conveyor between a first, raised position above the 
ievel or solution in the tank in which the upper run is 
sloped neqative1y towards the dischar9e zone, a second 

5 position above the level of solution in tbe tank in 
which the loadinq zone is sloped positively towards the 

discharge zone for the deposit of said parts on the 
loadinq zone of the upper run and a third position in. 
which parts deposited on the upper run are submerged in 

10 said treatment solution and said upper run is sloped 
positively by an additional amount suffioient to 
subject said parts to tumblin~ action when the upper 
run is advanced by said drive means; 

means controlling said position shiftinq 
15 means to return the conveyor to the second position for 

a ti•e sufficient to allow the treatment solution to 
drain from said parts and then to the first, raised 
position in which said upper run is sloped towards the 
disch~rge zone and the discharge zone projects beyond 

20 the side wall of the tank for discharqinq the parts 
from said t~, the discharge zone of the said conveyor 
in a first tank of said series being positioned 
relative to the loading zone of the conveyor in the 
next tank of the series tor transfer of said parts to 

2S the next when the first conveyor is in the first, 
raised po$ition and the next conveyor is in the second 
position. 

15. Apparatus according to Claim 14, wherein said 
parts are metal parts and one of the tanks of said 

30 saries contains an electrolytic plating solution, anode 
means mounted adjacent the said one end of said 
conveyor within the said one tank, said anode means 
being immersed in said solution when the conveyor is in 
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said third position, a cathode means overlying said 
upper run in said one of tanks and electric circuit 
means including said anode, said cathode and said 
solution for plating parts in said treatment zone when 

5 said conveyor is moved to said third position. 

16. ~pparatus accordin9 to Claim 15, wherein each 
said conveyor is comprised of a belt-type conveyor 
comprisinq a perforated material characterized by 

perforations of size and density to permit drainage of 
10 electrolytic solution throuqh the perforations when the 

conveyor is moved from said treatment position to said 
f i:r:st position. 

17. Apparatus according to Claim 16, further 
including a hopper mounted on said conveyor, including 

lS side walls extending upwardly from said upper run, the 
ends of the side walls on the hopper cf succeeding 
conveyors bein9 interengaqable to form a substantially 
continuous guide surf ace from one conveyor to the ne~ 
when the conveyor in a precedinq tank in said ser.ies is 

20 in the first position and the conveyor in the next tank 
in the series is in the second position. 

18. Apparatus.according to Claim 17, wherein said 
hopper side walls are perforated to allow for free 
circulation of soiution onto the parts on said upper 

as run. 

19. Apparatus according to Claim 14, wherein said 

parts are metal parts and one of said tanks contains an 
electrolytic platinq solution, an anode of plating 
metal mount:ed on said one tank in posi't.ion tc be 

30 iDllllersed within said plating solution when the conveyor 
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is in said treatment position, cathode means disposed 
over said upper run, said c::athpde estab1ishinq 
electrical contact with parts subjected to tumbling and 
means establishing a circulation of said electrolytic 

5 plating solution past said anode and over the parts 
beinq twabled. 

20. Apparatus according to Claim 19, wherein said 
position shifting means for each said conveyor 
comprises pivotal mounting means for mountinq each said 

10 conveyor to one cf said tanks, the pivotal means 
providing for pivotal movelaent about a pivot axis 
adjacent the discharge zone, said pivot axis beinq 
offset from the rotative support at the discharge end 
of the upper run. 

15 21. A method of plating metal objects by 
immersing the objects within a reservoir of an 
electrolytic solution containing ions of a plating 
metal providing a belt-type conveyor in the upper 
portion.of said reservoir; 

20 (a) said belt-type conveyor includinq a 

25 

1oadinq zone for receivinq objects to be treated 
towards one end thereof and a discharge zone for the 
discharge ot treated objects towards the other end 
thereof; 

(b) a plurality of generally horizontally­
extendin9 rotative conveyor belt supports including a 
pair of rotative supports at opposite ends thereof; 

(c) drive means for rotatin9 one of said 
supports tor eftectinq advance cf said tirst run in a 

30 direction towards said disch.arqe zone; 
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(d) guide means associated with said one run 
for establishinq a concave profile for said one run, 
said concave profile extendinq lengthwise of said first 
run; 

(e) aeans providinq for tiltinq movement of 
said belt-type conveyor together with said quide means 
and said rotative conveyor belt supports, said tiltin9 
movement means providin9·a loading position fo~ said 
first run in which said loading zone is lowered a 

10 predetermined amount relatively to said discharqe zone, 
and a surface treatment position in which the loading 
zone is lowered relatively to said loading position and 
said upper run has a relatively steep slope sufficient 
to subject said objects to tumblinq action upon advance 

15 of said first run towards said discharge zone; 
tilting said belt-type conveyor to the 

loading position; 
de~ositinq a load of objects on said first 

run when the belt-type conveyor is.tilted to said 
20 loadinq position; 

tilting said belt-type conveyor to said 
~treatment to immerse said parts in said solution; 

operating said drive means to subject said 
parts to tumbling action while the parts are in said 

25 solution; 
maintaining an electric circuit, including 

said solution and said parts to cause a deposit of said 
metal ions on said parts as the parts are sUbjected to 
tumbling action; 

30 thereafter tilting said belt-type conveyor 
upwardly to a discharge position in which the upper run 
is withdrawn from said solution; and 
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thereafter raising said conveyor a further 
amount and positioning the discharqa zone for discharge 
of parts from the reservoir upon by operating said 
drive means to effect advance of said upper run. 
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