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'33 DISCLAIMER
\::‘. 1
R The findings in this report are not to be construed as an official
] \“-.
[ Department of the Army position unless so designated by other authorized .
iﬁf: documents.
3
’:j The use of trade name(s) and/or manufacturer(s) does not constitute
)
an official indorsement or approval.
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s DESTRUCTION NOTICE
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'fﬁf For classified documents, follow the procedures in DoD 5200.22-M,
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O Industrial Security Manual, Section II-19 or DoD 5200.1-R, Information
1 3]
NS
&:24 Security Program Regulation, Chapter IX.
:qj For unclassified, limited documents, destroy by any method that will
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,:ﬁ prevent disclosure of contents or reconstruction of the document.
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For unclassified, unlimited documents, destroy when the report is
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BACKGROUND AND INTRODUCTION

This report covers one segment of Watervliet Arsenal's Computer Integrated
Manufacturing (CIM) program and assumes that (References 1-3) CIM and
Distributed Numerical Control (DNC) technology are understood. In-depth
information on the other (Reference 4) CIM projects conducted at Watervliet will

be addressed in other individual reports and will not be elaborated on herein.

The acquisition of Watervliet Arsenal's pilot Distributed Numerical Control
(DNC) system raised the question: can the Arsenal's early generation numerical
control (NC) machines become part of this DNC network? These early NC machines
do not have controls modern enough to allow them to be interfaced to the DNC

system, nor new enough to justify their use in Watervliet's overall CIM system.

CIM and DNC are part of the Arsenal's major modernization accomplishments.
Included were the acquisition of numerouys new, state-of-the-art computer
numerical control (CNC) machine tools to replace and supplement the Arsenal's
existing machine tool inventory. A large number of machines that were replaced
and those still in use were early generation NC and CNC machines which, by
virtue of their control, had no place in Watervliiet Arsenal's factory automation

goals. However, the potential did exist to include these machines in the CIM

system via this project.

Two major outcomes were anticipated. The first was that outdated numerical
control machines in good condition could be put back into service economically,
and secondly, a state-of-the-art control that would communicate directly with

Watervliet's DNC network would be identified.

References are [isted at the end of this report
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PROBLEM

Watervliet Arsenal's current CIM program was not initially designed to
address the inclusion of outdated, early generation NC machines. Therefore, a
void is created because the Arsenal, as well as most other government -ﬁ
manufacturing facilities, has a considerable amount of older equipment still

operating in production.

PROBLEM APPROACH

The approach this project took was to determine the integration feasibility
of the Arsenal's old inventory of NC machines to the current DNC network. This
included the analysis of the variety of original equipment manufacturer's (0EM)
controls to diagnose their degree of obsolescence and/or application to DNC.

Also analyzed was the current CNC control technology to determine the viability
of retrofitting a state-of-the-art control to an Arsenal NC machine for direct
DNC communication. Based on this research, an NC machine tool was remanufactured

and connected to Watervliet's DNC system.

SOLUTION TO THE PROBLEM

An evaluation of the Arsenal's early NC machine tool population revealed

that some of these machines have controls that could be connected to the

"o} o
o Cx
ool

Arsenal's DNC network. This would involve the addition of a proprietary Machine

ey
-

Interface Unit (MIU) to each existing machine control. The installation of a

|-~
[ E)

MIU is the same way Watervliet Arsenal interfaced six machines to their current

L ®
\"l.

pilot DNC system.
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This approach, although logical, did have a serious drawback. The MIU is a
4 proprietary item manufactured by the Arsenal's DNC supplier and therefore, a
sole source procurement was inevitable. Secondly, by using these MIUs, the
Arsenal is locked into a single, dedicated and limited way of connecting
additional equipment to its DNC network. This causes complete reliance on one

manufacturer for parts, service, and any expansion goals.

2 The simple addition of an MIU was not all that was needed to be

. accomplished in order to incorporate early generation NC equipment into the

¢ Arsenal's DNC. Since these machines have been used in production manufacturing,
they basically are worn and could use extensive rebuild. From the standpoint of
efficiency and economy, these machines must be retrofitted with a new up-to-date
CNC unit and rebuilt mechanically to upgrade them to a new machine status. The

aforementioned still would not solve the problem of sole sourcing an MIU once an

-

older machine tool is remanufactured. The problem is that DNC features are

-

designed around each manufacturer's own communication protocol, whereby, if a

y manufacturer designs and builds a DNC system for a customer, the builder's own
CNC is essentially plug-in-ready to their DNC. However, if the DNC system is
made by another manufacturer, a special interface still must be designed to

& allow compatibility with the communication prdtoco] resident in that DNC system.
4 At this point in the project, DNC communication technology is not standardized

$ to be compatible (without special interfacing) with one manufacturer to another.

Regardless of what type of interfacing is needed, it was concluded that DNC

; is possible from the standpoint of this project. The question that will be

; answered is whether a control builder or a retrofitter will be able or willing
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és_ to take an appropriate control and produce the necessary interfacing to

.g successfully link a new CNC and a machine to Watervliet Arsenal's DNC network.
2{ It was anticipated that there were a number of ways this task would be

fsi addressed, and the simplest way was to have the Arsenal's DNC OEM perform the

3; retrofit with their control or MIU. However, this approach would not prove that
k% other control manufacturers can do the same with their own equipment and would
§L somewhat support a sole source situation even though a contract will be a

$L competitive procurement activity. Ideally, to meet this project's objectives,
% it would be advantageous and preferable to have the retrofit task accomplished
:; by an independent contractor, and have a different manufacturer's CNC and

éﬂ interface connected to the Arsenal's DNC system. There was a possibility that a
5& contractor (not OEM) would purchase an OEM control or MIU or both and complete
1% the required retrofit task as necessary. This situation would still prove that
;* the first and subsequent DNC retrofit efforts can be performed by contractors

#g other than the DNC system QEM,

R

i" RESULTS

&

?5 As a result of the foregoing, a specification (LCB-SE-6-84) was written to
?‘ ‘ have an Arsenal 5-axis K&T machining center, Figure 1, reconditioned and

3 retrofitted with an appropriate CNC and be made plug-in compatible with

é; Watervliet's DNC system. Since the condition of the 5-axis machine was listed
%: as "very good", rehab to the machine surfaces or parts that did not impact on

* the computer retrofit was not anticipated. Therefore, the specification was

ég prepared to have a contractor concentrate primarily on the CNC and DNC retrofit
?ﬂ and secondly, evaluate the machine mechanically. If determined that any portion
:i.

"
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of the machine needed rehab, a negotiation avenue was included to have the

contractor make the necessary correctiors and be compensated accordingly.

Procurement actions yielded four proposals of which three were evaluated to
be acceptable offers. The DNC integration issue was addressed by each offeror
differently. One offeror proposed an entirely non-0EM package (CNC and DNC
interface). Another offeror proposed two avenues, either an entirely non-0EM
system or a non-0EM CNC and an OEM machine interface ‘unit pending further
investigation into the proprietary communication protocol data. The third
offeror decided.to retrofit an entire OEM package. The reason for the various
responses was that the responsibility of obtaining the technical information on
Watervliet's DNC communication protocol from the DNC builder rested with the
offerors, This was mandated because the government did not have the liberty to
distribute the proprietary information nor had they access to it at the time.
However, all three proposals complied with all the DNC interface requirements
and the offerors were aware of the obligation to provide it once under contract.

Finally, none of the three proposals were from the OEM of the Arsenal's DNC.

In September 1986, a contract was awarded to Kearney & Trecker (K&T)
Corporation to perform tne retrofit service. K&T, after being unable to
negotiate access to the pertinent proprietary information from the DNC builder,
decided to retrofit their own KT-GEMINI-D control (CNC), Figure 2, and use the
0EM, White Sundstrand (WCI), SL2BTR DNC unit (MIU), Figure 3. Without access to
WCI's DNC communication protocol, K&T deciced that it would be cost prohibitive
to attempt to engineer their own DNC interface to WCI's host computer. Although

this approach was not the most preferred method, it was still a breakthrough

VA% T T T e
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S
,‘§§ because sole sourcing (via the government) the DNC interface was eliminated.
A4
lh:: This contract has proven that it is possible to put additional machines on-line
't
{wp with Watervliiet Arsenal's DNC without going directly to WCI, the DNC original
e
,’:::: equipment manufacturer.
.n.’l
:o.::»
R Figure 1 shows the 1972 K&T 5-axis machining center currently implemented
t
A A o
}?ﬁ and manufacturing 120mm cannon breech mechanism components. This machine, once
o .
%J§ installed and tested, has operated in production manufacturing since July 1986
e
(“"" as a stand-a]one machine programmed via the CNC's tape reader input (Figure 2).
.
::3 In December 1986 the DNC unit or machine interface unit, Figure 3, was connected
ia, and from that point on, the machine has been operating under DNC accepting part
Xy
‘ programs from a remote DNC host computer located in an entirely different
v
Z*ﬂ building. Prior to this project the K&T machine had been taken out of service
o
*'\
e for obsolescence and destined to be excessed. The machine's original CNC was
SRS
f the prime reason for obsoleting the machine initially.
o
~ CONCLUSIONS
[ -
*:j
E) Based on this investigation, certain lessons were learned. First, the
rer)
Sl Arsenal is not locked into a sole source procurement situation when it comes to
! j ordering CNC units or CNC machine tools with DNC communication provisions.
wa
:"‘ Therefore, it is possible for the Arsenal to specify that any or all CNC machine
P k]
f“- tools be provided with their own DNC interface, whether the interface is
Y b OEM or custom designed. The burden falls on the machine tool builder to provide
.‘ whatever is necessary to accommodate the Arsenal's DNC system requirements.
o~ .
1'{ Another important lesson learned is that any generation machine can be connected
" to the DNC network without, again, relying on the DNC original equipment
,.a‘g
.E manufacturer as a sole source. The K&T contract has proven that an independent
\.’
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contractor can and is willing to assume the DNC interface responsibility. The

only drawback is that the added responsibility comes with a premium price tag,

wherein the contractor must pay a higher price for an OEM DNC interface and

g;z charge additional fees to engineer its inclusion and to guarantee its performance.
B

?31 Though this project addressed early generation numerical control equipment,
‘ﬁﬁa the results impacted directly on the plans to expand the pilot DNC system with
ﬁﬁs Watervliet's new or newer CNC equipment. The WCI machine interface unit proved
;“" to be the primary concern or obstacle when decisions were made to expand the six
?‘ﬁﬁ machine DNC pilot line. Consequently, Watervliet decided to enhance its DNC
gﬁ% plans by revamping the original DNC system with standard computer hardware and
"' operating systems to eliminate the dependance on the WCI machine interface

};g units, Interfacing will be handled by way of standard software and simplified
\Eg interface hardware requirements which will not impact on proprietary channels.
?t Included in this revision will be the compatibility of communication to a Local
Eé:é: Area Network (LAN) which manages the entire factory NC program database.

‘

e

;¥§~ Currently, Waterviiet Arsenal is in the process of expanding its pilot DNC
fé; system with a plant-wide implementation of over 200 machines (including the K&T
:¢:§ machine). The plant-wide system plans will combine the technologies of DNC and
?{; factory LAN to institute a three-level communication architecture with the LAN
providing the primary communication means among the three levels.

P

ssg Quantifiable benefits anticipated from the DNC communicating machine should
o save as much as $7,330 annually (Table I). This is based on projections made in
ggrs | the overall CIM technology program. Additionally, it is estimated that 60% of a
%?- new equipment acquisition cost was saved. The K&T contract was for $322,000 and
s
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it if a comparable new machine was purchased, an estimated additional $483,000 would
N have been required. Therefore, for 40% of the cost of a new machine the Arsenal
has an implemented, up-to-date production machining center operating effectively
! under DNC. Furthermore, once the Arsenal's new DNC network is implemented, the

ey same quantifiable savings should continue to be realized.
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N TABLE I
*‘° ANNUAL WANTIFIABLE SAVINGS

M BENEFIT SAVINGS (hrs) $ AMOUNT

1. Tape reader load and unload time eliminated. 176 hrs./yr. $ 2338.

ﬁ¢a 2. Routine operator preventative maintenance 90 hrs./yr. 1260.
O . eliminated.

)ﬁﬂ 3. Maintenance and/or repair of tape reader. 25 hrs./yr. 326.

JRN 4. Increased shop efficiency through status and 140 hrs./yr. 1960.
utilization reports.

X
ia“ 5. Increased repair response to breakdown of 30 hrs./yr. 420.
KO machine or control.

Y 6. Improved direction of machine operator. 40 hrs./yr. 560.
RS 7. Savings in tape supplies and equipment. 98.
A 8. Reduction in scrap (reader errors for 368.

? . example). 5% of scrap history.

"y Total Annual Savings $ 5330.
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TECHNICAL REPORT INTERNAL DISTRIBUTION LIST

CHIEF, DEVELOPMENT ENGINEERING BRANCH
ATTN: SMCAR-CCB-D
-DA
-DC
-OM
-DP
-DR
-DS (SYSTEMS)

CHIEF, ENGINEERING SUPPQRT BRANCH
ATTN: SMCAR-CCB-S
-SE

CHIEF, RESEARCH BRANCH
ATTN: SMCAR-CCB-R
-R  (ELLEN FOGARTY)
-RA
-RM
-RP
-RT

TECHNICAL LIBRARY
ATTN: SMCAR-CCB-TL

TECHNICAL PUBLICATIONS & EDITING UNIT
ATTN: SMCAR-CCB-TL

DIRECTOR, OPERATIONS DIRECTORATE
ATTN: SMCwvV-0D

DIRECTOR, PROCUREMENT DIRECTORATE
ATTN: SMCWv-PP

DIRECTOR, PRODUCT ASSURANCE DIRECTORATE
ATTN: SMCWV-QA

NO. OF
COPIES

— g 3 b b

[S gy

= D s N

NOTE: PLEASE NOTIFY DIRECTOR, BENET LABORATORIES, ATTN: SMCAR-CCB-TL, OF

ANY ADDRESS CHANGES.
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ASST SEC OF THE ARMY
RESEARCH AND DEVELOPMENT
ATTN: DEPT FOR SCI AND TECH
THE PENTAGON

WASHINGTON, D.C. 20310-0103

ADMINISTRATOR

DEFENSE TECHNICAL INFO CENTER
ATTN: DTIC-FDAC

CAMERON STATION

ALEXANDRIA, VA 22304-6145

COMMANDER

US ARMY ARDEC

ATTN: SMCAR-AEE
SMCAR-AES, BLDG. 321
SMCAR-AET-0, BLDG. 351N
SMCAR-CC
SMCAR-CCP-A
SMCAR-FSA
SMCAR-FSM-E
SMCAR-FSS-0, BLDG. 94
SMCAR-MSI (STINFO)

PICATINNY ARSENAL, NJ 07806-5000

DIRECTOR

NO. OF
COPIES

12

N 5 2 s

US ARMY BALLISTIC RESEARCH LABORATORY

ATTN: SLCBR-DD-T, BLDG. 305

1

ABERDEEN PROVING GROUND, MD 21005-5066

DIRECTOR

US ARMY MATERIEL SYSTEMS ANALYSIS ACTV

ATTN: AMXSY-MP

1

ABERDEEN PROVING GROUND, MD 21005-5071

COMMANDER

HQ, AMCCOM

ATTN: AMSMC-IMP-L

ROCK ISLAND, IL 61299-6000

TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST

NO. OF
COPIES

COMMANDER

ROCK ISLAND ARSENAL

ATTN: SMCRI-ENM 1
ROCK ISLAND, IL 61299-5000

DIRECTOR

US ARMY INDUSTRIAL BASE ENGR ACTV
ATTN: AMXIB-P 1
ROCK ISLAND, IL 61299-7260

COMMANDER

US ARMY TANK-AUTMV R&D COMMAND

ATTN: AMSTA-DOL (TECH LIB) 1
WARREN, MI 48397-5000

COMMANDER

US MILITARY ACADEMY 1
ATTN: DEPARTMENT OF MECHANICS

WEST POINT, NY 10996-1792

US ARMY MISSILE COMMAND

REDSTONE SCIENTIFIC INFO CTR 2
ATTN: DOCUMENTS SECT, BLDG. 4484
REDSTONE ARSENAL, AL 35898-5241

COMMANDER

US ARMY FGN SCIENCE AND TECH CTR
ATTN: DRXST-SD 1
220 TTH STREET, N.E.
CHARLOTTESVILLE, VA 22901

COMMANDER

US ARMY LABCOM

MATERIALS TECHNOLOGY LAB

ATTN: SLCMT-IML (TECH LIB) 2
WATERTOWN, MA 02172-0001

NOTE: PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING
CENTER, US ARMY AMCCOM, ATTN: BENET LABORATORIES, SMCAR-CCB-TL,
WATERVLIET, NY 12189-4050, OF ANY ADDRESS CHANGES.
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TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST (CONT'D)

NO. OF NO. OF
COPIES COPIES
COMMANDER COMMANDER
US ARMY LABCOM, ISA AIR FORCE ARMAMENT LABORATORY
ATTN: SLCIS-IM-TL 1 ATTN: AFATL/MN 1
2800 POWDER MILL ROAD EGLIN AFB, FL 32542-5434
ADELPHI, MD 20783-1145
COMMANDER
COMMANDER AIR FORCE ARMAMENT LABORATORY
US ARMY RESEARCH OFFICE ATTN: AFATL/MNF
ATTN: CHIEF, IPO 1 EGLIN AFB, FL 32542-5434 1
P.0. BOX 12211
RESEARCH TRIANGLE PARK, NC 27709-2211 METALS AND CERAMICS INFO CTR
BATTELLE COLUMBUS DIVISION
DIRECTOR 505 KING AVENUE
US NAVAL RESEARCH LAB COLUMBUS, OH 43201-2693 1

ATTN: MATERIALS SCI & TECH DIVISION 1
CODE 26-27 (DOC LIB) 1
WASHINGTON, D.C. 20375

NOTE:

PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING

CENTER, US ARMY AMCCOM, ATTN:

BENET LABORATORIES, SMCAR-CCB-TL,

WATERVLIET, NY 12189-4050, OF ANY ADDRESS CHANGES.
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