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you need to measure the efficiency 
of your production line? Ga ther da ta 
on your production process and how 

it works? Find out why you have too many 
production defects? Monitor the time it takes 
to perform various operations in your man­
ufacturing process? 

Whether you want to know if your pro­
duction process is within bounds, accurate, 
consistent, failing, or out of control, you can 
get the facts - with the HP-71 Handheld 
Computer as part of a Hewlett-Packard 
Interface Loop (HP-IL) system . 
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Streamline Your Production Operation 
With the HP-71 Handheld Computer 

The highly flexible 1-11'-71 Halldheld 
Com pilfer is used bolll as a worker il/pllt 
termillal and as a cOl1lputer to perforlll 
statistical analysis . 

Network HP-71 systems to a supervisory 
computer for iniormatioll 01/ overall fille 
performance. 

The HP-71 is most e ffective 
when used in well-lighted, moder­
ately clean environments such as 
those found in electronics, aero­
space, utilities, medica l, packag­
ing, and rubber and plastics indus­
tries. 

Whe n you combine your manu­
fa cturing processes into an inte­
grated system controlled locally by 
the HP-?1, you can: 

• Improve cost control 
• Improve productivity 
• Improve process effi cie ncy 
• Reduce production variances 
• Produce consis tently high­

quality products 

To realize these benefits, use 
HP-71s as controllers a t local 
nodes. For even greater benefits, 
network the entire system under 
the control of a large r, supe rvisory 
computer. 

The HP-71 in Manufacturing 
The HP-?1 is cost effective, fits 

the speed and power requirements 
of many manufacturing environ­
ments, and distributes intellige nce 
by putting computing power 
where it's needed. And because 
it's so small (?5 x 3.8 x 1.0 in; 
19 x 9.7 x 2.5 em), it fits on the 
bench or production line. 

Low-cost HP-IL peripherals are 
readily available and also occu py a 
minimal amount of space. 

HP-IL is the key that allows fa s t, 
easy expansion and contraction of 
HP-?1 subsystems within larger 
data acquisition or test and process 
monitoring systems. That means 
you ca n con veniently modify 
systems to meet your production 
need s. 

HP-IL interface converters open 
th e d oor to a wide ra nge of HP-IB 
in struments as well as RS-232C 
and GPIO equipment. And 
numerous HP-IL devices are avail­
able from third party vend ors. 

If something goes wrong with 
one element in the system, it can 
be re placed quickly and eaSily 
without affecting the operation of 

th e rest of the system. After th e 
faulty system element is repaired 
or replaced, the local node that 
was affected is soon on-l ine again . 
And, the battery-powered HP-?1 
retains its memory when taken 
off-line as well as during power 
failures. 

Why Buy HP? 
When you buy an HP handheld 

computer, you' re buying a product 
that's part of a long tradition of 
innovative, reliable and complete 
solutions to computing problems. 
The HP-?1 is constructed with the 
top-o f-the-line, high -quality work­
manship that people worldwide 
associate w ith H ewlett-Packard 
products . And the HP commit­
ment to q uality and service lasts 
long after the product is ins ta lled. 

H P provides the single-vendor 
soluti on . Your system will be 
easier to u se because all of its 
individ ual elements are designed 
to work together - printers, plot­
ters, mass storage, instruments 
and larger computers . And by 
working with jus t one company, 
YO LI get the convenience you need 
when you want to expand your 
system or require service. 

Put Yourself in Control -
With the HP-71 

Whether you monitor produc­
tion processes w ith HP-71s in local 
nodes, test at low-cost worksta­
tions with HP-71 s and instruments, 
or both, you 're controlling your 
manufacturing operation. 

When you connect these HP-71 
networks to a supervisory com­
p uter that takes the data from the 
workstations and combines it into 
an overview of the entire line, 
you've gone even further .toward 
controlling your operation. You're 
tracking data on a real-time basis. 
You see trends and problems as 
they occur - so you can take 
immedia te corrective act ion. 

Production process monitoring. 
Low-cost testing. And networking 
to a supervisory computer. Here's 
a closer look at each one . 



Production Process Monitoring 

Monitoring the 
production 
process involves 
gathering data 
from the pro-
d uction Ii ne to 

improve the manufac turing pro­
cess on a real-time basis. 

When you use an HP-?1 system 
to monitor the production process, 
you ca n: 

• Track the numbe r and causes o f 
defects 

• Track the time needed to pe r­
form an operation 

• Track the number of times repair 
or rework is requ ired 

• Track product characteris tics, 
such as size or weight, to deter­
mine whe ther th ey fall w ithin 
s tatistica l bounds 

With information like thi s you 
ca n preven t lengthy, time-con ­
su ming and costly problems. 

Statistical Methods 
in Production 

Stati sti cal quality con trol 
methods are usually e mployed in 
production process monitoring. 

By collecting data at various 
points in the manufacturing pro­
cess, any changes that affect qua lity 
ca n be identified. When both the 
final produ ct and the manufac­
turing process display consistent 
behavior, the process is in contro l. 
When either the product or the 
process does not d isplay consistent 
behavior, the process is out of 
co ntro l. 

Using the HP-?1 to dist ribute 
intelligence puts computing power 
w here you need it. So the produ c­
tion process can be analyzed using 
s tatis tical quality control me thods 
locally, independent of a main­
frame . 

Statistical con trol procedures 
determine how much the manufac­
turing process can vary and still be 
in control. Through s tatistica l 
methods, performed as data is 
collected, normal va riation is 
eliminated from consideration and 
emerging problems a re identifi ed . 

Benefits of monitoring the produc­
tio n process s tatistically are: 

• Maintenance of tighter controls 
• Ava ilability of more accurate 

controls 
• Fas ter id e ntification o f trend s 

and out-o f-control processes 
• Elimination of subjective evalua­

tion o f lines or s tations 

Develop a Standard for 
Measuring Current Processes 

Gain ing control of exis ting pro­
cesses sta rts with development of 
a his torica l data base. Information 
for th is base comes from sources 
such as customer feedback, 
analysis of accountin g and 
engineering da ta , and paperwork. 

Using his torical data to collirol 
the rnanufacturi ng process is 
inefficient for two reasons . Firs t, 
information is ava ilable only on 
past events. Second, changes arc 
made only o n the basis of past 
events which may no t reflect 
current conditions - and , there­
fore, may ta ke the process even 
further out o f con trol. 

The historical base is valuable 
when used to help determine a 
star/da rd for rneaslIring current 
processes. 

For example, a company that 
manufactures disc drives decid es 
to auto mate its production pro­
cesses using an Hr-?1 system . 
They begin by deve loping a histor­
ical data base. 

Over the period o f time for 
w hich records are avai lable, they 
summarize the performance of 
their manufac turing process in 
terms of the numbe r of defects, 
product characteristics and other 
quanti ties of interest. This infor­
mation is used to set a sta nd ard 
that defines th e limits of a process 
that is in control. 

The H P-?1 then gathers da ta o n 
the productio n process and per­
forms s tatistical quality control 
analyses. The resu lti ng informa­
ti on is used to track the process 
and, over time, aid in improving 
process perfonnance. 
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The Hr-71 Handheld Computer 
is highly flexibl e. Use it both as a 
worker input terminal and as a 
computer to perform stati stical 
analysis. 

For more information about the 
use of statis tica l methods in pro­
duction process monitoring, refer 
to AT&T's "Statistical Quality 
Control Handbook" publis hed by 
Western Electric Co., Inc. 

A Sample Application 
Assume a worker is responsible 

for a final s tep in assembling disc 
drives. 

In setting up the monitoring 
system, his torica l data were used 
to determin e tha t up to eight 
failures could be expected in each 
group of lOa units. The HP-71 is 
programmed to: 

• Keep s tatistics on a moving 
window of the most recen t 100 
disc drives prOduced 

• Rea nalyze th e data after each 
unit is entered to see if there are 
more than eight failures 

• Check to see if there are more 
than four fa ilures in the most 
recent 25 units 

Disc drives fail if they do not 
turn on or if they fail an inte rnal 
diagnostic test. After assembling a 
drive, the worker tests it by turning 
it on and pressing an HP-?1 key 
defined for a self-diagnostic test. 
The worker presses different keys 
on the Hr-71 when both tests are 
passed, when o ne or both tests are 
fail ed , and to iden tify the ca use of 
each failure. 

Meanwhile, the Hr-7! ca lculates 
statistics slich as averages and 
standard dev iation s . Line trend s 
are immediate ly available. 

Analysis of this information 
provides a basis for on-the-spot 
decisions to establi sh tighter per­
formance parameters, modify a 
process, stop a line that is out of 
control , and initiate appropriate 
corrective action. 

The HP-71 gathers data frolll the produc­
t iOIl Ii lie to help illl p/'Ove the lila III/fact Ini IIg 
process 0 11 a real-time basis. 



Low-Cost Testing 

Low-cost testing involves the 
use of HP-IL instruments con­
trolled by HP-71 Handheld Com­
puters at test stations. 

The combination of the HP-71 
and HP-IL instruments is an excel­
lent solution for computer-con­
trolled test stations where high­
speed processing is not critical and 
a low-cost solution is required. It 
is also very effective in environ­
ments where bench-space restric­
tions exist. 

The use of HP-IL in low-cost 
testing serves the same purpose as 
HP-IB. It implements all the same 
functions and allows up to 30 
devices on a loop. Through the use 
of software addressing and device 
and accessory 10, a self-con­
figuring low-cost test and control 
pragran1 can be written which 
requires only that the devices be 
connected and turned on. 

The benefits of automated test 
stations over manual testing and 
calibration are: 

• Higher throughput 
• Increased accuracy 
• Greater consistency 
• Higher productivity 

The most effective configuration 
for manufacturing test environ­
ments networks the HP-71 with a 
supervisory computer. This con­
nection allows data from indi­
vidual test stations to be integrated 
into overall line performance 
information. 

By using the HP-71 at test sta­
tions and networking these sta­
tions to a supervisory computer, 
you can: 

• Track repairs at each station 
• Track repair and test station 

performance 
• Track operation times at each 

station 



The HP-71 
and HP-IL 
Instruments in 
Low-Cost Test 
Among the HP-IL 
instruments you 
can use at test 
sta tions are: 

• HP 3421A Data Acquisition! 
Control Unit 

• HP 3468A Digital Multimeter 
• HP 5384A/HP 5385A Frequency 

Counters 
• HP 1630AID/G Logic Analyzers 
• HP 4945A Transmission Impair­

ment Measuring Se t 

The low-cost Data Acquisi tion / 
Control Unit has an extensive 
ca pability set tha t ca n perform 
voltage, transducer output, resis­
tance and frequency measure­
ments; digital sequencing; and can 
switch outside circuits on and off. 

Some uses for an HP-71 and Data 
AcquiSition/Control Unit system 
include testing loaded printed 
ci rcuit boards, calibration, and 
burn-in tes ting. 

For example, tests are performed 
on a product at sepa rate s tatio ns as 
it moves along an assembly line. 
Results such as "good ", " failed" 
and "cause of failure" are reported 
on the HP-71 display, a printer or a 
computer monitor. 

A Sample Application 
In the earlier disc drive example, 

a worker is testing loaded printed 
circuit (PC) boards that, at this 
point, have no powe r supplies . 
Tests are for idle and active current, 
oscillator frequ ency and keystroke 
simulation. Each test is performed 
when input voltage is at its lowest 
and highest allowable levels. 

Use the HP- 71 and HP-IL illst rw llcllts at 
automated test stat iO/ IS. 

The worker takes a PC board off 
the line as it goes by, places it in a 
custom test fixture and secures it. 
The fixture has built-in minimum 
and maximum voltage power 
supplies that are switched on and 
off by the HP 3421A Da ta Acquisi­
tion /Control Unit. 

The worker connects the board 
to the fixture at points appropria te 
for measuring curren t and fre· 
quency and simulating key clos­
ings. A digital input/output (I/O) 
line is connected to a but ton the 
worker presses to start the test . 
This system is connected to an 
HP-71 acting as contro lle r. 

The worker presses the bu tton to 
sta rt the test. This closes the d igital 
I/O line and the HP 3421A sends a 
service request, via HP-I L interfac­
ing, to the HP-71. The H P-71: 

• Receives the service request and 
branches to a subroutin e that 
performs the tests 

• Sets the input voltage to the low 
state by closing the HP 3421A 
actuator 

• Measures input voltage and 
cu rrent 

• Measures oscilla tor frequency 
• Simulates keystrokes by closing, 

then opening the digita l 110 line 
• Repeats tests in the high-voltage 

state 

Following each tes t, the HP-71 
d isplays "good" or "fa iled" and the 
ca use of the failure . These results 
a re immediately available to be 
p rinted or sent to a supervisory 
computer. 



Networking the HP-71 to a 
Supervisory Computer 

What makes production process 
monitoring and low-cost testing so 
effective is the capacity to network 
to a supervisory computer. Since 
up to 30 HP-71s can be networked, 
such a system is very cost effective. 

The supervisory computer in 
this system takes the data from 
each workstation and combines it 
into an overview of the entire line. 
Line trends aTe tracked, historical 
data is gathered and information is 
passed to other stations. 

When a workstation goes out of 
control, the HP-71 at that station 
notifies the line worker and super­
visory computer. The production 
or manufacturing engineering 
supervisor is also notified. If the 
supervisory computer detects an 
unnatural pattern on the line, it 
generates an out-of-control mes­
sage. The supervisor then looks at 
the statistics for the line and each 
workstation involved and deter­
mines a plan of action. 

The supervisory system can 
archive data, report on historical 
performance, or pass the data on 
to the next level through a factory ­
wide local area network. 

Disc Drive Production Line 
In the illustration on this page, 

HP-71 subsystems are used to 
monitor the production process 
and to test disc drives at low-cost 
workstations as they are manufac­
tured. A supervisory computer 
links the processes. 

Information 
Flow and Control 
• Supervisory Computer 

The supervisory computer takes 
data from each workstation and 
combines it into an overview of 
the entire line. 
It plots line trends, yields, 
Pareto charts and summary 
statistics; archives data; and 
generates out-of-control mes­
sages when appropriate. 
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Digital Micrometer 

Dual Hp·IL Adapter 

Production Process 
Monitoring 

HP-71 

• Measuring Plastic Components 
An HP-71 is networked to a 
digital micrometer and auto­
matically logs readings. Plastic 
parts are measured to assure 
that they are within tolerances 
so they will fit together when 
assembled. The HP-71 calculates 
statistics, analyzes bounds, 
checks to ensure that compo­
nents are within those bounds, 
and analyzes how dimensions 
deviate from target. 

000 0 

Printed Circuit Board 

HP-71 

• Failure Monitoring 
This station is used to identify 
unusual patterns and excessive 
failures. The worker presses an 
HP-71 key indicating whether or 
not each unit checked is defec­
tive. When patterns or the 
number of failures exceed 
parameters, the worker and 
supervisory computer are 
notified. 
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Supervisory 
Computer 

000 0 

Printed Circuit Board 
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Think Jet Printer 
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Data Acquisition/Control Unit 

Dual HP-IL Adapter 

HP-71 

Low-Cost Testing 
• Printed Circuit Boards 

PC boards are tested for idle and 
active current, oscillator fre­
quency and keystroke simula­
tion using an HP-71 and 
HP 3421A Data Acquisition/ 
Control Unit. Tests are per­
formed when voltage is at its 
lowest and highest allowable 
levels. The HP-71 displays 
"good" or "failed" and the cause 
of failures. Results can be 
printed or sent to a supervisory 
computer. 
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Frequency Counter 

Dual HP-IL Adapter 

HP-71 

• Calibration 
Using the HP-71 and HP 5384A 
Frequency Counter, an oscillator 
is set to a given frequency. 

Disc Drive 

o 

o 
o 
o 

Video Monitor 

o 

• Burn-in 

Video 
Interface 

0000 

Data Acquisition/ 
Control Unit 

Dual HP-IL Adapter 

HP-71 
with Data 
Acquisition Pac 

After the drive is manufactured, 
it is set to run for a given period 
of time to make sure it does not 
fail. The HP-71, HP 3421A, and 
HP 82479A Data Acquisition 
Pac are used to monitor perfor­
mance. Results are displayed 
continuously on a monitor. The 
HP-71 performs appropriate 
limit-action functions if any 
critical test points are exceeded. 



HP-71 Handheld Computer 

The HP-71 Handheld Computer 
is a portable, 12-ounce (340 g) 
package that puts powerful calcu­
lation, programming and expansion 
potential right at your fingertips. 

It's durable enough to stand up 
to daily use in industrial environ­
ments and provides intelligence 
for you r equipment, instruments 
and test controllers. It takes up 
only inches of bench space, and its 
networking capabilities rival those 
of much larger computers. And 
the HP-71 can be integrated into a 
wide variety of industrial applica­
tions, equipment and products. 

The highly flexible HP-71 can be 
programmed with a built-in 
enhanced BASIC language and, 
using optional software, with 
Assembly and FORTH. Its RAM/ 
ROM ports let you expand 
Random Access Memory or Read 
Only Memory. And you can add 
Custom ROM modules designed 
for your particular needs. 

Personalize your HP-71 with a 
wide variety of enhancements, 
peripherals and software. For 
example, the HP 82402A Dual 
HP-IL Adapter allows two HP-IL 
interface modules to be plugged 
into the HP-71 at once. This con­
serves peripheral battery life and 
allows the HP-71 to function both 
in control and communications 
capacities simultaneously. The 
HP 82479A Data Acquisition Pac 
provides software linking the 
HP-?! to the HP 342!A Data 
Acquisition /Control Unit to form a 
powerful, low-cost system. 

Through customization, the 
HP-71 can be tailored with your 
own software to perform functions 
to increase your productivity. 
Custom ROMs, EPROMs, 
Magnetic Cards and Keyboard 
Overlays can be developed for 
you . The services of Independent 
Custom Consultants (ICCs) make 
the customiza tion process easy. 
Consult your dealer or HP Sales 
Represen tative for more informa­
tion about ICCs and the Custom 
Products program . 

Some HP-71 Features: 
• BASIC Programming Language 

The HP-7! uses an enhanced 
BASIC that runs nearly as fast as 
compiled BASIC. Keywords are 
translated into tokens to reduce 
the amou nt of memory needed 
to speed program execution. 
Over 240 functions, statements 
and operators are available. 

• Internal Design Specifications 
HP ha s documented the internal 
specifica tions to make the HP-7! 
an "open machine" and provide 
you with entry points, source 
code and schematics - so you 
can develop your own hardware 
and interfaces. 

Typewriter-like 
Keyboard 
enter alphabetical illfor­
matioll quickly and easily. 
Redefille the keys to sllit 
your changing needs , and 
store the rerie[illitiolls to lise 
later. 

HP-IL Interface BASIC Language 
powerflll progralilinilig 
lallguage. 

Duat HP-IL Adapter 
optioll for eonservi1lg bat­
tery life of perip/rerals; 
allows the H P-71 to {llIlelfo" 
botlr ill cOl/tro/ and com­
mlil'/iea/iolls capacities 
sill/III ta neously. 

) BASIC 

Continuous Memory 
fum YOllr HP-71 off and 
retllrn later without losillg 
calwlafiolls alld programs. 

option for collneetillg to a 
wide variety of battery­
powered devices [or 
mass storage, display, 
prillting, plotting , test mid 
meaSllremellt. 

Liquid-crystal Display 
22-eharacter wil rdow all a 
96-character lille displays 
IIppercase alld lowercase 
letters with true 

HP-71 

Four Ports 
accept allY combinatiol1 of 
memory mod/lies or applica­
tiOl1 software to increase 
computatioll power. 

Card Reader 
optioll to lise maglletic cards 
for mass storage and easy 
program loading; or to 
insert a third-party 96K 
RAM module. 

I 

lO-digit Key Pad 
fast, easy input of 
IIIl1f1erie data. 

Battery Power 
fOllr 1.SV, AAA-size bat­
teries assure portability. 
Or, lise the optiollal AC 
adapter. 

• Built-in Operating System 
The powerful, calculation­
oriented 64K-byte operating 
system allows high-level 
programming and repetitive 
calculations. 

• Multiple File Structure 
The number of files in HP-7! 
memory is limited only by the 
amount of available RAM. 
BASIC, BIN, LEX , DATA, TEXT, 
KEY, and SDATA fil e types are 
supported. • Four RAM/ROM Ports 

Plug in lip to four 4K-byte RAM 
modules or add third-party 
modules for up to 96K bytes of 
RAM. The HP-7! is capable of 
directly addreSSing 512K bytes. 

• Clock/Calendar 
Use the built-in quartz-crystal 
clock to create and lise clockl 
calendar-dependent programs 
that begin and end when you 
can't be there to control the 
process. 

• 

• 
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Warranty, Support and Service 

The Technical Calculator Support group 
daily answers questions raised by ClIstomers . 

• 

FOR 

' ~D ""xlu, 

HP's Calclllator Service Cellfer provides 
fast, efficient service and offers a cost-effec­
tive service support program . 

·u.s. only. 

Warranty 
The HP"71 Handheld Computer 

is warranted for one full year from 
the original date of purchase. 
Refer to the Owner's Handbook 
for specific details. 

Support' 
For the price of a phone call, 

thoroughly trained representatives 
provide answers to a wide variety 
of questions. These questions may 
range from simple operational 
problems to difficulties regarding 
the use of our software application 
packages, peripherals and inter­
face converters. Although the 
Technical Calculator Support 
group primarily provides post"sale 
technical support to customers, 
anyone needing help with a tech­
nical question about handheld 
calculator and computer products 
may phone. 

The phone number for Technical 
Calculator Support is 503"757"2004. 
Calls are answered from 8:00 a.m. 
t03:00p.m. PDT, Monday through 
Friday. 

Service 
Hewlett"Packard maintains 

service centers in most major 
countries throughout the world . 
You may have your unit repaired 
at an HP service center anytime it 
needs service, whether or not it is 
under warranty. 

A renewable one-year support 
agreement is available that begins at 
the expiration of the warranty 
period. The low agreement price 
provides a cost-effective service 
support program. Several years of 
support may be obtained for less 
than the price of one repair in the 
event of product failure. 

You save time because HP does 
the paperwork. And since your 
support agreement is effective for 
a year, you are not affected by 
potential increases in the cost of 

• repaIrs. 
Contact the Calculator Service 

Center at 503-757-2002 for more 
details . 
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