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Using Fiber Optics for Laser Cladding VB

John Bartley, Member, Mare Island Naval Shipyard, Paul Denney, Visitor, Applied Research
Laboratory, Pennsylvania State University, Al Grubowski, Visitor, Naval Sea Systems Command

ABSTRACT

In many Navy structures, there
are many |arge conponents that are coated
for wear protection (valve seats) and/or
for corrosion protection (hatch seals)
t hatrequireeriodieefurbishment.
This refurbishment i s normally
accomplished using conventionahrc
wel di ng processes which in many cases
require that the part be removed from the
structure to properly control the pre-,
i nterpassand post- weld tenperatures as
required by the materials wusedThe
renoval of such |arge conponents,the
thernmal requirenents, and the resulting
di stortion can greatly increase the cost
for refurbi shment.

The Navy Manufacturing Technol ogy Figure 1.
O fice (MANTECH) of the fice of the Exanpl e of valve conponent that is
Assistant Secretary of the Navy has been candi date for |aser cladding operation.
funding two najor programs through Mare Base naterials are carbon steel and 416
Island Naval Shipyard, Naval Sea Systemns stainless steel.dad material would be
Command (NAVSEA 5142), and the Applied Stellite 6.

Research Laboratory, The Pennsyl vania
State University (ARL Penn State) to
decrease such high refurbishnent costs.

The first program is the devel opment of penetrations. Many of these parts have
high powered |aser cladding processes for very stringent dimensional requirenments
the refurbishment of conponents that can which are difficult tareet if
be renoved from the ship and into a |aser conventional arc welding processes are
materials processing facility. The used due to the thermal distortion
second, ancjJ the primary topic of this characteristic of the process.Also,
aper, is the devel opment of a shipboard many of the cladding materials and the
aser materials processing systemthat base materials require pre-, interpass,
utilizes fiber optics. and post weld tenperature controls (ML-
STD-278) which are not always possible
INTRODUCT ION duri n? shi pboard refurbishment.It is
therefore very common for parts to be

. As the age of the US. Navy fleet renoved from the ship for refurbishnent.
i ncreases and efforts are being made to This renoval can be vyer costly,

prolong the life of surface ships and especially for subnarines, ere mny of
submarines, the cost for refurbishnent the conponents that require refurbishing
has increased substantiallyne source do not fit through existing openings.

of this increased cost is due to the

refurbi shment of worn and corroded parts. In addition to the problens rel ated
These parts must be refurbished or to the distortion of the parts, sone of
replaced, both of which are expensive and ,the cladding materials that are used are
tine consumng. In a refurbishment, the not very Weldable. Such materials
wor n/ corroded areas nust have naterial i ncl ude “cobalt based alloys (e.g,
added so that the part can be machined to Stellite 6) which are used to hardface
meet the dimensional requirenments. val ve seats. The weld cladding of the
Exanpl es of such parts include valve valve seats with such materials can
seats (Figure 1?, bearing areas become very expensive if repeated
shafts, hatch seals, and through hul | cl addi ng and nmachi ni ng is required to

['VB1-1



renmove defects. Many of the problens
with these types of cladding naterials
are related to the high tenperature
ductility which is related to the
segregation, dilution, and/or cooling
rate of the process used.

The inplenentation of lasers in
i ndustry has occurred in the last twenty-

five years. I ndustri al lasers are
normal |y one of two types gaseous (e.'g.,
CQ) or solid state (e.g., Nd:YAQ

(1,2, 3, 4) Each type of |aser may differ
in design and/or operation based on the
power required and the type of process
that is to be performed. ~In both |aser
types the coherent, collimted, infrared
I1ght that is produced can be focussed to
a very small dianeter and therefore very
hi gh power densities can be achieved
(10°%-10°w cnf).  Such high concentrations
of energy results in low total heat input
to acconplish the desired material
processing (e. 3 , | aser cutting,
cladding, or weldin E For example, 12.7
mm thick Hy- and A steel plates have
been | aser welded without filler netal at
approximately 20 kJoules/in of heat
i nput. The interaction characteristics
between the |aser beam and the material
are ver simlar to electron beam
processing, however, |aser rocessi ng
normally occurs in air and is nore
flexible to manipulate using lenses
and/or mrrors instead of magnetic coils.
There are numerous exanples of |aser
materials processing in industry to date.

They range fromthe drilling of vanes and
bl ades of jet engines, to the |aser
wel ding of the recuperators for the
Abrams MAI Arny nain battle tank (11)

(Figure 2) using | ow power |asers, to the

Figure 2.
recuper at or
Laser

the ID's of the

Abranms AGT- 1500
is laser welded.
plates alon
and "triangles".

615; 0.0081" thick.

plate that

wel ds join

"foothalls"
| nconel

Material is

wel ding of | oconotive engine components,
and the cladding of aircraft carrier
catapult conponents with multi-kilo Watt
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| asers. Lasers have been used in these
applications because the |ow heat input
of the process results in mininmal anounts
of distortion and small Heat Affected
Zone (HAZ's).

Mbst industrial gaseous |lasers are
CO lasers. This type of |aser produces
a beam of light at 10.6 microns at power
levels from tenths of a Watt to 25
kilowatts. It can be used for welding or
cutting on circuit board conponents at
| ow power levels or for the welding of
12.7 mm thick steel plates using 10
kilowatts of power. The beam is
delivered fromthe laser to the work
\oi ece using a series of mirrors and/or
enses in a beam duct. An exanmple of a
conpl ex beam delivery systemis the Laser
Articulating Robotic System (8) (LARS)
(Figure 3). Because of the high

gure 3.
Robotic System (LARS)

Fi
Laser Articulating

precision of the beam delivery, the LARS
and simlar systems (8, 9) are very
conplicated and expensive.

limted the use of CO lasers to assenbly
lines and work stations.

Some efforts have been nade to use
CO lasers for in-situ operations. An
exanple of this is the use of a |ow power
(less than 1 kW CO laser to naeke heat
exchanger relpair welds (10). The system
used a complex robot and "smart", "self
aligning mrrors to deliver the |aser
beam to the work piece.

The solid state |laser has not
changed dramatically since the first ruby
lasers of the 60's. Today's industrial
solid state lasers prinmarily use crystals
of yttrium alumnum and garnet (YAG or
this conbination doped with snmall anounts
of neodymium formng Nd: YAG gl ass 1{).
Most of these |asers are powere y
flash/quartz |anmps and have an average
maxi num out put of 600 watts. In the
past, . these lasers have been used
primarily for drilling and cutting in a
pul se nmode operation. An advantage that



the Nd: YAG | aser has over the CQIl aser
is that its beam can be delivered through
a flexible fiber optics cable. Thi's

allows for nore flexible work stations
and the possible use of conventional
robots.

The Navy MANTECH office is funding a
research program with the goal of
devel opi ng, gual i fying, and denonstrating
a laser cladding process that is targeted
for the refurbishnent of  submarine
conponents which require hardfacing and
corrosion protection. The |aser cladding
operation consists of depositi n% a powder
directly in front of the |aser beam which
is at or near focus. The laser beam is
oscillated perpendicular to the travel
direction nelting the powder and a
mnimal anount of base plate material
(Figure 4). This results in a mininal
amount of distortion due to thermal
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Figure 4.
cl addi ng system used

Di agram of [aser
th | aser.

the high powered CO

gradients. Al so, because the heat input
Is mninmal, the nolten pool solidifies
rapidly with little or no segregation.
The result is low dilution clad with

m ni num distortion.

Laser cladding procedures have been
developed for a number of material
conbi nati ons. The Navy MANTECH program
has concentrated on cobalt/tungsten
alloys (e.g., Stellite 6) for hardfacing
material on a nunber of stainless and |ow
carbon steels. The programis also in
t he process of developing laser
procedures for the corrosion cladding of
ni ckel - copper (e.g., Mnel), nickel-
chrone (e.g., Inconel 625), and nickel-
chrome-nol ly-tungsten (e.g., G 276) on
HY- and HSLA- 80 steel alloys. This
devel opment work is being acconplished
using a 14 kWCO, laser. The goal is to
devel op, qualify, denmonstrate, and
transfer the technology for the |aser
cladding of submarine conponents. The

targeted conponents,
and sea water

such as nmin steam

val ves, can be renoved for

this operation.

cl addi ng

successful .
devel oped and optinmzed for
tungsten hardfacing naterial

the Navy MANTECH QQ | aser

has been very
paraneters have been
the cobalt-
on 316L and

To date,
program
Laser

416 stainless steels and 4140 and DH 36

c
h
t

Metal | urgi cal  speci mens
the clads to measure
dilution (Figure 5),

arbon steels.
ave been nmde of
he amount of

Clad
\ : Dilution

Base Material

[ VBL-3

Figure 5.
(Top) Diagram of laser clad showing the
base material, clad, and dilution
material . (Bottom Photo-macrograph of
laser clad with Stellite 6 on 316

stainless steel.

evaluate the interface between the clad

and the base materials (Figure 6), and to
determne the mcrohardness of the HAZ
and clad (Figures 7-9). Special "donut"

shaped specinmens were clad to deternine
the crack sensitivity of the process
(Figures 10-12). Using optimzed
paraneters, qualification clads have been
produced and evaluated according to ML-
STD- 248C. Al of the clads have been
made with no preheat to the substrate.

The high powered CO |aser
devel opnent program was well suited for
number of conponents that can be renoved.

cl addi ng
a

But not all of the conponents that may
require refurbishment can be easily
renoved and some conponents nust be
renoved from the ship/sub through

Oﬂeni ngs made in the hull of the vessel.
This is extrenely time consum ng and
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Fi
Cross section of .
showing the Stellite clad in the
pocket ;

ure 12.

"Donut" speci men

expensi ve. However, special tooling
exists that allow for many of these
components to be machined in-situ.

The second Nav MANTECH | aser

pro%r am has the objecti've of devel oping a
method by which the |aser cladding
process can be acconplished on-board the
shi p. The use of such a laser system
could mnimze the dilution of the clad,
decrease distortion, and elimnate the
need for preheating and controlled
cooling of the part. The program has
centered on recent devel opments in the
power output of Nd:YAG |lasers and the use
of fiber optics to deliver the Nd:YAG
laser light. The goal of the programis
to acquire advanced |aser technology and
devel op |aser processing techniques that
can be qualified for the refurbishnent of

conponents in-situ.

As stated before, the maximm
average power output for a single Nd: YAG
crystal has been approximtely 600 Watts

of power. A nunber of conpanies in the
USA and Japan have been devel opi ng ways
to cost effectivel conbi ne the power

from a nunmber of different crystals at
the work piece. One nethod is to
i ndependently deliver the beams to the

1, 12). The

work niece by fiber optics ﬁ
beans can be-delivered simltaneously or
overlapped. The fiber optics also allow
the beam to be redirected to a nunber of
work stations as demanded. A second
met hod of producing high powered Nd: YAG
| aser beanms is to pass the laser beam
through a nunber of crystals to form a

single laser beam that has the power of
t he conbi ned crystals. Sone
manuf acturers have acconplished this
using six standard crystals and the
exi sting cooling nmethods (13) Power
outputs averaging over 2 kW have been
achieved for short periods in a pulse

mode. Such high power |evels have been

[ VB1-5

delivered through fiber optics as well.
This system has been used to make field
repair welds in heat exchangers in power
lant facilities. In this case (14) a 2
W Nd: YAG | aser beam is delivered to the

weld by fiber optics. This is an
alternative to the use of the CO |aser
based system mentioned earlier that used
reflective optics to deliver the beam

However, the six crystal configuration
used to produce the 2 kWin this system
is very large, prone to alignment
probl ems, and very expensive.

Recent advances have been made in
the US to nodify the design of the
multi-crystal |laser systemto make it
more  conpact, reliable, and less
expensi ve. The result has been a
continuous wave laser using three
crystals with a constant power output of
1.8 kW This was achieved by decreasing
the diameter of the Nd:YAG cre/stals and
increasing the cooling water flow rate.
Because this system Is based on three

crystals, it is rather conpact and can be
hardened for shipboard use. To deliver
the | aser beamto the work piece, the
| aser beam can be directed into a
flexible, hardened fiber optic cable.
There is conbined power loss from the
entering and exiting of the fiber optic
cable of approximately 10% The |oss per
unit length of cable is dependent on the
quality of the fiber and the anount of

bend and torque placed on the fiber.
However, the 10% loss 'from the ends
represents the majority of the power

loss. At the work piece end of the fiber
optic cable, a set of lenses refocus the
| aser beam for processing.

The results fromthe prelimnary
process devel opment stage for the program
I ndicate that the Nd: YAG can successful ly
be used to make clads. To date, a series
of single and nultiple layer laser clads
of wvarious material conbinations have
been successfully made with the 1800 Watt
Nd: YAG system These include cobalt-
tungsten on 416 and 316 stainless steels
and HY-80 and 4140 carbon steels (Figures
13 & 14). The clads have very |ow
dilution rates as was the case for the
hi gh powered CO, laser clads and very
shallow HAZ's in the base materials. The
m crohardness values were very simlar to

those obtained from the CO | aser
cladding operation (Figures 15-17).
O ads have also been made on previous
| aser passes. M nor inperfections must
be corrected such as inclusions or pores
in the overlap areas of the clads. A
simlar problem occurred in the CQ
cladding but was corrected through

nodi fications in the powder and power
di stribution.

The nicrohardness results from the
Nd: YAG cl ads are very conparable to those
of the high powered CO clads. There
aﬁpears to be mninmal or no softening of
the previous HAZ or clad regions.



Figure 13.
Nd: YAG | aser clad of Stellite 6 on
316 stainless steel.

Figure 14.
Nd: YAG laserclad of Stellite 6 on
416 stainless steel.

Nd:YAG Clad
Stellite 6 on 316 Stainless Steel
. Weld-Base
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Distance From Top O Clad (mm)

Figure 15.
M crohardness profile for Nd: YAG
| aser clad of Stellite 6 on 316
stainless steel.

Nd:YAG Clad
Stellite 6 on 416 Stainless Steel

s
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Figure 16.
M crohardness profile for Nd: YAG
|aser clad of Stellite 6 on 416
stainless steel.
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Figure 17.
M crohardness profile for Nd: YAG
laser cl ad of Stellite 6 on 4140
carbon steel.

Ship-Board Deck-Side
Fiber Optic
Communications
Link Laser Cavity
Remote Control \

Congale

Power Supply And

Ship-Board Focus Head, Powder Feed, Control Capinet

Component And Manipulator

Figure 18.
Diagramof portable Nd: YAG | aser
system
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All of the results to date have been
acconpl i shed in t he si mpl est
configuration using standard optics. The
cl adding has been acconplished in the

"down- hand" position using gravity fed
powder . Final application for the
process wll require that out-of-position
i)r ocessi ng nethods be devel oped. The

aser beam used was defocused (not at
m ni mal spot size) which does not give an
oi)ti mzed power distribution during |aser
cl addi ng. An oscillated and/or |inear

ower distribution of the laser beamis

etter suited for cladding and is planned
for later stages in the program

The final stage of the Nd: YAG | aser
materials processing programwll be the
depl oyment of a portable |aser system to
the shipyard. The entire system-|aser,
chiller, and fiber optics--will be
hardened for use on the water front
(Figure 18). The planned procedure for
utilization of the portable laser system
in the shipyard is to position the [aser
and chiller on the dock or on deck. The
fiber optics, laser processing head, and
control panel wll be passed through
hatches and openings to the part that iIs
bei ng processed. The processing head

will be attached to a manipulator and the
area secured for operation. The
maeni pul ator can take the formof a sinple
linear notion device, nodified portable
machi ning equipment, or a snall robotic
system The operator will control the
| aser and the processing through a
conmuni cati on box. The nethod for
delivery of the cladding nmaterial has not
been finalized. It may take the form of
pre-placed powder, conpacted powder,

sprayed powder or solid inserts.

Future work is already being planned
for the fiber optic Nd: YAG | aser system
The devel opment of paranmeters  and
procedures for laser cutting and welding
I's planned. A higher powered |aser
system at the 2.4 kWlevel, is under
devel opnment and is to be bench tested in
late FY-91.

SUMMARY AND CONCLUSIONS

There
successes
cl addi n
optic
acconpl i shnent's

have been a nunber of
in the devel opnent of a |aser
system that utilizes a fiber
elivery s%/stem Some of these
ave been achieved as
part of the CO |aser cladding program
however, many of the |essons |earned
there will be applicable to the Nd: YAG
| aser system Listed below are a nunber
of the accomplishnents to date.

1) Paranetric studies have
been conducted using high

power (14 kW CO [lasers
and Nd: YAG lasers for a
v ari ety o f
har df aci ng/ corrosion cl ad

substrate conbinations.

[ VB1-7

2) Both GO, and Nd: YAG | aser
clads have been found to

have very low dilution
rates (<109% . For
har df aci ng material s,

this has resulted in high
surface hardness val ues.

3) Both CO and Nd: YAG | aser
cl ads have been made with

no preheating of t he
substrate.

4) Qualification clads (ML-
STD- 248C) have been
acconplished with a high
powered CO |laser for a

Number of

har df aci ng/ substrate
materi al conbi nations.

5) A portable |aser system

with fiber optic delivery
system is scheduled for
delivery for rocess
devel opnment by m FY-91
and with a denonstration
in early FY-92,

Based on the rate of success to
dat e, the technology transfer and
inplementation of the laser claddin
process will occur rapidly. This wil
occur on two fronts; the application of
the high power CQlaser for the initial
cl addi ng of new conponents and the
refurbi shnent of worn on&s that can be
easily renoved from a structure. The
second front will be in the area of in-
situ laser processing and nachining for
the refurbishnent of parts that can not
be econoni cal | nmoved and/or refurbished
by conventional processing.
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