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Serial printer sub-assemblies await installation following checkout by NCR Miichita Real-Time Mu!rf,amgrammmy System.
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A Solution to Production Tesf Problems for NCR ACCOUNTING COMPUTER DIVISION, Wichita, Kansas



Real-Time Multiprogramming System Boosts Productivity for NCR

NCR, known world wide for more than 80 years as an out-
standing manufacturer of cash registers and other business
accounting and data processing systems, is today a corpora-
tion decidedly on the move. Directed by dynamic new
leadership from its corporate headquarters in Dayton, Ohio,
NCR is on an alliimportant thrust upward, toward higher
levels of efficiency, contribution, and profitability. One
highly-effective way of raising productivity and profitability
without compromising product quality and reliability is
through automation of testing. This approach is exemplified
at NCR’s Accounting Computer Division in Wichita, Kansas
by a sub-assemblies test system which is being implemented
by Test Systems Manager, Jim Richardson, around a Hewlett-
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Packard disc-based Real-Time Executive (RTE) System. Elec- o~
tromechanical sub-assemblies currently manufactured and )
tested using the system include a high-speed serial printer

and split-platen forms handlers used in the new NCR C-399
Accounting Computer System as well as the serial printer

for the NCR C-270 bank teller’s terminal. Testing of mag-

netic ledger card reader/printers will soon be added to the

system’s accomplishments.

Operations conducted by the system under the direction of
NCR-written test programs comprise run-in, adjustment, quali-
ty audit checking, life test, and debugging and rework of units
that fail to meet NCR quality standards.
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Real-Time System for Testing NCR C-399 and C-270 Sub-assemblies



PRINTER-FORMS HANDLER PRODUCTION OPERATIONS
SIMULTANEOUSLY UNDER BYSTEM CONTROL
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A Sensible System Design

In the test system design, Jim Richardson has sought to
maximize ity, to minimize total investment, and to
maximize s return on the investment. By using the
general-purpose HP RTE system in conjunction with NC
built terminal multiplex m has maximized NCR’s ability
d rapidly to product changes, some of which could ; ersions of termine iplexers .One of these  fication, by Jim Ric
tedly forced by new product introductions of ses all functions of serial printers and forms handlers Coutlol (RTIOC
\.Ol'llpetllﬂlh The use of the general-purpose RTE system during run-in and quality audit testing. 1t can operate four :
has minimized the special engineering content of the over- printer-forms handler sub-assemblies simultaneously and in-

; ity, the RTE
system can be expected to have a long useful life, extending
and increasing the return on NCR’s investment in the system.

1bly at a time.

dependently. The other terminal multiplex configuration is
used for adjustment and debugging. It works with one sub-

Part of the terminal multiplexerinterf

of the Real-Time Input/Qutput
ion of the HP RTE software. This pro-
g communications \\1[[1 111L11t1ple dL-
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test programs via a single computer 1/O channel. Each trans-
fer to/from one of the NCR terminal multiplexers is 32 bits,
or two suc i

1g includes a modi-

Lhdld\u:e mtenupt trum an interface Ldld associ

Jted with a terminal multiplexer is routed to an NCR-written
program that determines which device interrupted and then
services the interrupt.



I_nfteractive'Oﬁperatibh '

A key feature of the system is provision for debugging and

* adjustment as well as automatic run-in and checkout. Via
‘each of the three debugging terminal multiplexers and in-
dividual NCR C-260 Thermal Printers, the system provides
interactive programs to the technician. He can use these
with great flexibility to generate tests and operating cycles
that quickly localize mechanical and electrical problems,
facilitating rework and final adjustment. The system pro-
vides both printed information and appropriate control and
excitation signals to cycle the unit being debugged. Pre-
viously, the technician had to make many time-consuming
multiple adjustments to manually-controlled test equipment,
distracting from observation of the faulty performance of
the sub-assembly. Now his attention is undivided, increasing
his effectiveness and speeding the debugging process.

Adjustment actions, which do not require the flexibility of
response needed in debugging, are keyed by test numbers to
a test adjustments manual, which is quickly mastered by
production people working with the adjustment program.

Tncorporating the adjustment and debug procedures in the
system makes them easy to update. It takes only 20 minutes
to change procedures. Moreover, the system provides ample
memory space for saving particular operating cycle sequences
that individual technicians have developed for debugging
faulty units. These can be stored or modified by the tech-
nician, on-Ilne '

Technician Debugging Printer-Forms Handler Sub-as-
- sembly at One of Three Debug Stations.

---_:Capamty to Spare

~ Via the nine temunal muihplexers cu:rently being used Fari o
_ printer-forms handler sub-assembly checkout, the system

can control various stages of testing for up to 42 different
sub-assemblies 51multaneously (up to 16 printers and 16

forms handlers in run-in and quality audit testing and up to

S printers and 5 forms handlers in adjustment and debug-
ging operations). This uses less than 25% of the available
CPU operating time of the RTE system and leaves ample

time for program development in the system’s background

mode concurrently with real-time testing operations. Jim
Richardson estimates that addition of magnetic ledger card
reader/printer sub-assemblies (photo below) to the testing
load will still leave approximately half of the RTE system’s
CPU time and 27 computer 1/O channels available for fur-
ther extension of testing operations.

Magnenc Ledger Card Reader/Pnnrer Sub-assembfy
Soon o be Added to Sysrems Test Load '

'Benefits of the System

The use of the system has reduced mechamca.l and electncal e

" adjustment times and costs. For example, technicians using

manual techniques and manua,!.ly-controlled test equipment

~ require four hours to align, adjust, and check out a serial :

printer. With the system controlling all equipment and work-
ing interactively with a non-technical operator, the process

. takes only about 28 minutes, a time reduction of better

than 8 to 1. Overall, the system has cut the total labor
time. for making the serial printer in half, as shown in the
comparison below, while reducing the skill requirement.
This represents a doubling of productivity without any sacri-
fice of the thorough testing thch assures that each unit
meets NCR quality standards. .

Labor Content Comparison
for NCR C-399 Serial Printer

STAGE OF

\ : WITH MANUAL TEST & ADJ.
MANUFACTURE TEST & ADJ. WITH SYSTEM
Assembly : 1 hour 1 hour

_All adjustment and 4 hours % hour
checkout

Run-in 2 hours 2 hours

Total . Thours 3% hours

In addition to doubling productivity, the system is providing
a data base of Quality Audit information that is being used
to help direct product design and productmn unprovements :

‘The success of the NCR{chtha system has encouraged NCR N
to provide similar systems for its manufacturing facxhtles i
i Scotland and Japan - : -




System Selection

The HP RTE system was chosen as the heart
of the NCR/Wichita sub-assembly test system
because Jim Richardson, the test systems
manager, was familiar with, and realized the
time and cost savings inherent in using it. Jim
estimates that preparing a suitable real-time
operating system in-house instead of using
the user-proven HP RTE software would have
nearly doubled the NCR engineering manhour
investment in the overall system. This addi-
tional time was not available.

Another important factor was the excellent
environmental specifications of the HP hard-
ware. Reliable performance under adverse
conditions has been proven thoroughly at
the NCR/Wichita plant no. 1, an interim
facility. There the system has operated for
more than ten months without any system
failure in a dusty environment above the
ground level factory floor, without special
air conditioning, in ambient temperatures
often reaching as high as 95°F.

In the present interim facility, power failures
are fairly frequent, so the system’s power [ail
interrupt and restart capability is quite valu-
able. This capability, implemented by NCR-
written routines tailored to the specific needs
of the installation, returns the system to ac-
tive service within 30 to 45 seconds after
power is restored, minimizing the impact of
power failures on the system’s productivity.

Jim Richardson, NCR/Wichita’s Test Systems
Manager Working on Extension of the Sub-
assemblies Test System. (The temporary
operating site shown here is less than 15
feet away from the furnace that heats the

entire plant.)
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