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ABSTRACT 

The first objective of this study was to investigate avail-

able timing devices and determine if any were suitable for motion 

and time study research. Six criteria were set up for such a timer: 

1 . Have a low initial and operational, cost 

2o Read in direct time 

3 . Have an accuracy of , 0 0 0 1 minutes 

lu Have provisions for automatic multiple timing 

5« Retain a permanent record 

6© Have a range of at least thirty minutes 

The Thusen timer more nearly met the criteria than any 

timer in existance; however, the initial cost was high and the 

timer did not read in direct times. Since no timers were found 

which fulfilled these criteria, a second objective, the design of 

a suitable timer was established. 

The new timer reduced the initial cost of the device, sub

stantially reduced the size compared to the Thusen timer, and 

facilitated easier subtraction of times. This timer was not completely 

built and tested; however, it was evaluated by components and seems 

to more nearly meet the above criteria than any other timer in 



vii 

existence* 

It is recommended that the timer be completed and tested 

in order to determine its capabilities and limitations» Also, 

this should be done in order that redesign and development can be 

continued. 



CHAPTER I 

INTRODUCTION 

History 

She measurement of time lias a h is tory dating from about three 

thousand years before Chris t . Xt was at t h i s time that in a l l pro

b a b i l i t y the f i r s t crude devices were used to measure an in te rva l of 

time* Even then there was a defini te need to measure, control and 

regulate amounts of work. Devices for measuring time controlled the 

amount of water-flow in the i r r i ga t ion of f i e l d s , aided in the naviga

t ion of ships , and became a measure o f work accomplishment. Prior to 

t h i s time people roughly measured the amount of work in terms of days, 

months and even years . As time progressed and people 1 s s k i l l became 

greater , they accomplished similar tasks in shorter periods o f time. 

As a resu l t o f t h i s , there came a need for measuring work accomplish

ment in units o f time smaller than a day* Since that time, many devices 

have been developed, a l l of which do not appear to be sa t i s fac tory for 

the measurement of work. I t i s t h i s measurement of work and the reduc

t ion of work which primarily determines the object ive of t h i s t h e s i s . 

Statement of Objective 

I t i s the object of t h i s thes i s to invest igate the avai lable 

timers and determine i f there are any suitable fo r motion and time 

study research, since the timers used at present do not appear to have 

the a t t r ibutes necessary for motion and time stuc^y research. This could 
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be due to one of two reasons; (1) The timer is known, but full advantage of its capabilities are not recognized nor utilized for motion and time study research, or (2) There is no timer developed for motion and time study that will produce the desired results for research. If it is found that there is no timer suitable for motion and time study research, it will be necessary to design and construct a machine that will meet as many of the requirements as is practical* 
Why the Problem Exists 

It would facilitate a better understanding of motion and time study research to cite an example of each to demonstrate the procedure and evaluation techniques used in them. These examples are not intended to be complete or full explanations of all the methods or procedures followed; however* they are intended to demonstrate the need and convenience of having a suitable timer. Motion Study*—Motion study research involves the use of an accurate time machine so that small elemental differences in motions can be recognized by an analyst* For example, an observer wishes to see which pattern of movement is best, and desires to test the difference between moving a pin to three points not on a straight line by a circular and by a straight path* This may be accomplished by designing a circular path where the three points are on the circumference of the circle, and by moving the hand in a straight line from one point to the other so as to describe a triangle* This does not include all of the possibilities! however, it will show the use of a timer for motion study* To continue, the analyst desires to determine which of these two motion patterns is 
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t h e b e t t e r * H e w o u l d a r r a n g e t h e p o i n t s i n a t r i a n g u l a r s h a p e a n d f i x t w o p a t h s , o n e c i r c u l a r a n d t h e o t h e r t r i a n g u l a r . H e w o u l d t h e n d i r e c t t h e s u b j e c t t o p e r f o r m t h e e x p e r i m e n t I n a p r e s c r i b e d , a c c e p t a b l e m a n n e r . T h e a n a l y s t w o u l d t i m e e n o u g h o f t h e p a t t e r n s t o b e r e a s o n a b l y s u r e h e h a d r e p r e s e n t a t i v e t i m e v a l u e s * T h e n h e w o u l d c o m p a r e t h e o b t a i n e d t i m e v a l u e s t o s e e w h e t h e r h i s h y p o t h e s i s a s t o w h i c h m o t i o n w a s t h e b e t t e r i s t r u e . H e w o u l d e v a l u a t e t h i s b y c o m p a r i n g t h e t i m e s o f t h e t w o * T h e m o t i o n w i t h s h o r t e r t i m e w o u l d b e t h e b e t t e r o n e f o r a c c o m p l i s h i n g w o r k . T h e s t a g e o f d e v e l o p m e n t i n m o t i o n s t u d y i s n o w a t a p o i n t w h e r e t h e t i m e d i f f e r e n c e s t h a t h a v e t o b e d i s t i n g u i s h e d a r e c o m p a r a t i v e l y s m a l l , a n d a l a r g e n u m b e r o f r e a d i n g s a r e r e q u i r e d t o o b t a i n r e l i a b l e r e s u l t s . M o t i o n s t u d y r e s e a r c h i s h a n d i c a p p e d l a y t h e l a c k o f a t i m e r t h a t i s o f s u f f i c i e n t a c c u r a c y a n d t h a t w i l l f a c i l i t a t e a l a r g e n u m b e r o f r e a d i n g s a t a r e a s o n a b l e e x p e n d i t u r e o f t i m e a n d m o n e y * H o w e v e r * b e f o r e m o r e e l a b o r a t i o n o f t h e p r o b l e m o f t i m i n g i s c o n t i n u e d , a n e x a m p l e o f t i m e s t u d y r e s e a r c h i s g i v e n . T i m e S t u c f a r * — T h e e x a m p l e t o b e u s e d i s a p r o b l e m i n v o l v e d i n d e t e r m i n i n g t h e e l e m e n t a l t i m e f o r a m o t i o n . T h i s r e q u i r e s s o m e i n s i g h t i n t o h o w t h e p a r t i c u l a r v a r i a b l e s i n v o l v e d a r e c o n t r o l l e d , m i n i m i z e d , o r e l i m i n a t e d . T h e n s o m e o f t h e i m p o r t a n c e o f t h e p r o b l e m o f o b t a i n i n g a s p e c i a l t i m e r c a n b e a p p r e c i a t e d . F o r t h i s e x a m p l e , t h e d e t e r m i n a t i o n o f a s y n t h e t i c t i m e s t u d y s h a l l b e f o l l o w e d t h r o u g h . I t i s f i r s t n e c e s s a r y t o h a v e a m o r e s p e c i f i c u n d e r s t a n d i n g o f s y n t h e t i c t i m e s t u d y * E s s e n t i a l l y s y n t h e t i c t i m e s t u d y i s a f o r m o f s t a n d a r d d a t a g a t h e r e d b y e i t h e r t h e l a b o r a t o r y o r t h e s h o p w i t h 
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meticulous care as to the se lect ion of the basic motions* By th i s pro* 

eedore a pattern i s se t up in which the analyst hopes to encompass a l l 

basic motions so that with any given j o b , the element or motion time 

can be determined from tab les without addit ional timing* A careful 

analysis of the basic times requires the separation and recording of 

each type of motion and the c lass i fy ing as to some type o f res t r ic t ion* 

This can be shown by simple demonstration. Let us assume for the moment 

that a movement of the forearm in a horizontal plane without any percep

t i b l e movement of the other members o f the body i s a basic motion. 

There are several types of res t r ic t ions to t h i s movement such as distance, 

weight, and control of s t a r t and s top . I t would be next to impossible 

t o determine and evaluate a l l of these r e s t r i c t ions ; therefore, the next 

best thing to do i s t o minimize or t o take only those which show the 

highest degree of correlation* This i s the normal pract ice in es tab l i sh

ing synthetic time s tudies , but i t introduces errors because without a l l 

the var iables an exact solution i s not possible except through chance. 

The synthetic systems t r y to approach the exact , or what i s bel ieved to 

be exact , by control l ing as many of the var iables as can be determined. 

However, the problem comes in control l ing or eliminating these variables* 

With the use o f timers now avai lable for t h i s type o f work, r e 

searchers are handicapped as the magnitude o f the number o f readings 

that have to be taken in order to arr ive at r e l i a b l e time va lues , which 

l imi t s to some extent the type o f motions that are timed* 

In the development of standard data, predetermined time study 

data and basic motion study pr inc ip les , i t i s necessary to procure a 

large enough number of sample of time values for a given motion to be 



reasonably sure that i t i s representative of the t ine required to per

form the task* A timing device must be accurate and precise enough to 

distinguish between small basic movement times which are usual ly en

countered with movement of the hands and arms. 1 

Another important factor that must be taken into consideration 

i s the amount of researcher 's time employed in actual reading or i n 

terpretat ion of the time values obtained* 

As the amount of researcher 's time l imi t s to a great extent the 

amount of data that a man can amass, i t l imi t s the resu l t s he can pro

duce. Without t h i s data the researcher i s l imited to invest igat ions 

that require the fewest number of readings to be r e l i ab l e and the type 

of studies in which he can dist inguish a difference in time va lues . 

The cost of amassing large amounts of data becomes a problem that few 

individuals or organizations can afford. 

S t i l l another type of d i f f i c u l t y a r i ses in the case where one 

motion i s r e s t r i c t ed or dependent on the preceding or succeeding motion. 

These preceding or succeeding motions must be timed a t the same time as 

the primary motion, otherwise no r e l i ab l e conclusion about the motion 

can be obtained* 

There have been several attempts t o eliminate these d i f f i c u l t i e s 

involved in motion and time study research* These attempts are ch ie f ly 

along two l i n e s . One i s in the bet ter design of experiments so that 

l e s s time i s required to perform and evaluate the experiment. The other 

i s the building and operation of bet ter timers ( that i s bet ter with 

"Wlph M. Barnes and E. D. ICLliams, Jr . , "The Automatic Time 
Recorder," Modern Management, V. 9 , M *h3, p* k* 
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respect to time and motion study). This separation of the two phases 

i s not intended to give the notion that they work independently, fo r 

they work together. 

Some of the attempts to a l l ev i a t e the timing problem are the 

Kymograph, the motion picture camera, the Thusen timer, and the stop 

watch* Other devices are employed, but these four are representative, 

as well as being the most commonly used* 

The Kymograph i s a very accurate timer* I t can time mere than 

one cyc le , thereby allowing several occurrences to be timed simulta

neously* However, i t s cost of operation i s high due to the method of 

interpolating the data from a scribed line* 

Motion pictures are used for research work in motion and time 

study; however, as the number of readings becomes great and the accuracy 

requirements f a l l in the range of . 0 0 0 1 minutes the use of f i lm becomes 

expensive* This i s due to the amount of f i lm needed to obtain r e l i ab l e 

results* The use of motion pictures has several disadvantages; the high 

cost of operation, the amount of time required t o se t up an experiment, 

and the i n a b i l i t y t o analyse the data obtained (the d i f f i c u l t y in ana* 

lyzing the data l i e s in recognizing the beginning and ending points of 

the elements)* 

The Thusen timer a l lev ia ted the high operational cos t by the use 

of printing wheels, thereby f a c i l i t a t i n g easy interpolat ion, Shis was 

gained at the expense of high i n i t i a l cost which makes i t unavailable 

to most ins t i tu t ions . I t does not read direct time, but accumulative 

t imes. I t requires an operator to subtract the successive elements to 

obtain d i rec t times. 
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The stop watch i s in the low priced range and i s probably the 

most used device for that reason* I t has many objections in i t s ap

p l ica t ion to time and motion study research* These are: one, the 

accuracy i s not su f f i c i en t , as the values now needed are approxi

mately *0001 minutes; two, there i s no permanent record (which i s 

desirable i f the resu l t s have to be checked); three, i t only times 

one cycle or element at a time (which i s not desirable for motion 

and time study research because i t i s desirable to set up multiple 

element experiments)* 

The operating pr inciples of the above devices w i l l be discussed 

further in Chapter II* 

From looking at some of the disadvantages of the timers in use 

for motion and time study and the nature of the work, the needs of 

motion and time study research can be obtained. The factors that enter 

into a timer for research are: 

( 1 ) The timer should have a reasonable i n i t i a l cost so 
that i t may readi ly be afforded by individuals and i n 
s t i tu t ions desirous of carrying on motion and time study 
research. 

( 2 ) The timer should be low in operational cost so that 
an individual or ins t i tu t ion could afford the quantity 
of studies required to obtain r e l i ab le r e s u l t s . 

(3) The timer should time more than one element or cycle 
so that studies where one element i s dependent on another 
can be timed successful ly and so that multiple element 
studies can be designed in which an economy of experiments 
and time i s obtained. 

(k) The timer should record the times so that there i s a 
permanent record. This i s desirable since the values may 
then be checked without the additional time of running a 
duplicate experiment. 

( 5 ) The timer should at l e a s t obtain the accuracy of the 
Thusen timer ( . 0 0 0 1 minutes), as the l a t t e r has proved 
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sa t i s fac tory for research purposes. 

( 6 ) The timer should time di rect values so that no 
additional work i s required to obtain the desired r e 
s u l t s . 

(7) The timer should have a comparatively long range 
of times so that the long elements can be timed with
out the use of additional equipment. 

( 8 ) The machine should have provisions for automatic 
operation, so that the analyst can g ive h is f u l l a t 
tention to observation of the performance, and so that 
h is reaction time w i l l not be a variable in the experiment. 

(9) The device should be easy to se t up and operate so 
that the researcher 's time i s not spent on the de t a i l s 
and routine work necessary to make a study and so that a 
technician w i l l not need excessive training in th i s op
eration of the device. 

The forementioned points or requirements for motion and time 

study research allows the development of c r i t e r i a on which to evaluate 

and bui ld , i f necessary, a timer for research. These c r i t e r i a are 

given below. 

Cr i t e r i a 

A timer for motion and time study research should meet the f o l 

lowing requirements: 

( 1 ) Have low i n i t i a l and operational cos t . 

( 2 ) Read in di rect time. 

( 3 ) Have an accuracy of . 0 0 0 1 minutes. 

(k) Have provisions for automatic, multiple timing. 

( 5 ) Retain a permanent record. 

( 6 ) Have a range of at l e a s t t h i r t y minutes. 
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How the Study I s To Be Approached 

The foregoing has given some insight as to how the problem sha l l 

be attacked; however, as the problem could very possible lead into sev

e ra l different phases, i t i s necessary to describe the method of t r e a t 

ment used in order to get a solution to the problem* 

In l i gh t of t h i s statement i t w i l l be necessary to enumerate the 

steps in the solution of the problem* These are: 

( 1 ) Review character is t ics of motion and time study r e 
search r e l a t i ve to time evaluation (what has been used, 
how good a job was done by i t , shortcomings, e t c . ) 

( 2 ) Establish c r i t e r i a for an idea l research timer. 

( 3 ) Review the l i t e ra tu re to see i f any timers are 
avai lable that w i l l meet the needs of motion and time 
study research. 

(k) Evaluate the exis t ing time recorders according to 
t he i r s u i t a b i l i t y to motion and time study research in 
terms of the c r i t e r i a . 

(5 ) Assuming no suitable timer i s ava i lab le , design a 
timer sui table for motion and time study research. This 
w i l l include a se t of drawings. 

(6) Build the device in order to get a f i n a l evaluation 
of the capab i l i t i e s of the timer. 

(7) Test the timer, i f i t i s necessary to bui ld one 
(therefore, i t w i l l be necessary to design an experi
ment to t e s t the capab i l i t i e s of the t imer) . 

(8) Evaluate the timer, i f b u i l t , from the experimental 
t e s t resu l t s obtained. 

( 9 ) Explain the operation o f the timer in terms of i t s 
l imitat ions so that i t can be e f f ec t i ve ly evaluated by 
the eventual user, e f f ec t i ve ly u t i l i s e d for motion and 
time study research, and further developed a t some l a t e r 
date. 

As can be seen, the f i r s t two steps are already completed. 

Chapter I I covers steps 3 and k* Chapter I I I w i l l cover steps $ 

through 9-



CHAPTER I I 

A CRITICAL REVIEW OF TIMERS 

History 

As a b r i e f insight into some of the ea r ly works of man in h i s a t 

tempt to solve the forementloned problems* th i s thes is w i l l go back to 

some three thousand years before Christ and view some of the devices 

that were used then to measure a period time. These devices were 

SOME of the F I R S T , AND although THEY WERE EXCELLENT ATTEMPTS TO SOLVE 

the problems which were discussed at the beginning of t h i s thes is they 

lack the precision and accuracy needed today, although they add back

ground in man's attempt to measure time. Some of these devices were. 

(1) The water c lock, which operated on the pr inciple 
of f l u id flow through an o r i f i c e . The time for a 
given amount of water which would flow into a vesse l 
was regarded as a constant. This resulted in a time 
uni t . 

( 2 ) Graduated candles, which operated on the principle 
that a given s i z e , constant consistency and uniform 
material w i l l burn the same number of inches in a given 
unit of time. The candles were l a t e r graduated to give 
continuous time without the care of an operator. 

( 3 ) The hour g l a s s , which operated on the pr inciple 
that a given quantity of sand would pass through an 
opening in a g lass in a constant in te rva l of time. 

(k) The sun d i a l , which operates on the pr inciple of 
the constant rotat ion of the earth with respect to the 
sun. The sun moves across the sky and cas ts a shadow 
from a pointer to a cal ibrated face which resu l t s i n a 
time value. 

(5 ) Calendars, which again operate on the pr inciple of 
the constant movement of the earth with respect to the 
sun. However, t h i s type d i f fers in that i t measures 
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days instead of hours and minutes* 

For obvious reasons, these and similar devices lacked the pre

c i s ion and accuracy needed today* 

I t was not u n t i l the sixteenth century that a mechanical means, 

a ser ies of wooded gears with a source of potent ia l energy, for measuring 

time was developed* The accuracy and precision of these timing devices 

were l imited to hours, minutes and seconds* This was due to non-uniform 

materials and lack of precision in the manufacture and fabricat ion of 

materials and parts* There was a s l i gh t increase in precision but i t 

was not u n t i l the nineteenth century that any substantial improvement 

was shown* These devices are the forerunners of those used today* 

Today we have many devices that w i l l meet the needs of many spe

c i f i c timing jobs , some of which require extreme accuracy and some which 

require good range* These do not seem to meet the need with which t h i s 

thes is i s concerned; however, a discussion of the various devices would 

help in finding one that would meet the need for motion and time study 

research* 

In order to accomplish t h i s purpose, the th i rd and fourth steps 

involve the reviewing of l i t e ra tu re on exis t ing timers and an evaluation 

of that l i tera ture* For the sake of convenience the exis t ing timers 

can be c l a s s i f i e d into two main categories and then subdivided further* 

This breakdown w i l l include devices tha t are in existence and those 

that can be conceived from exis t ing mechanisms* With the c l a s s i f i c a 

t ion , a clearer picture of which devices w i H meet the c r i t e r i a can be 

obtained* 

The two major divisions w i l l be according to use of the data* 
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Data from the machines can e i ther he in a form that f a c i l i t a t e s d i rec t 

use, that i s to say the material i s in a usable form without any modi

f ica t ion such as subtracting or measuring* or i t can be in a form that 

requires further work to obtain the desired time values* This second 

type sha l l be ca l l ed interpolated, thereby meaning the subtraction or 

measuring in order to obtain a time value* 

These types can further be subdivided into v i sua l and recording* 

In the v i sua l type* an operator must v i s u a l l y look a t and manually 

record the data* In the recording type, the machine ac tua l ly records 

the data on some type of material making a permanent record* 

Again, these can be subdivided into c l a s s i f i ca t ions of mechanical 

and e l ec t r i ca l* This i s the subclass i f icat ion that divides the power 

source* E l ec t r i c a l can further be broken into Impulse and motor* Im

pulse refers t o a charge of e l e c t r i c i t y being counted or stored* The 

motor type can be e i ther synchronous or non-synchronous* The non-

synchronous, however, does not have suff ic ient s t a b i l i t y to be used 

i n precision timing devices* 

The c l a s s i f i c a t i on w i l l be carr ied one phase further, that i s , 

to s ingle or multiple element times, the s ingle element timing only one 

element and the multiple timing two or more elements. This complete 

breakdown i s shown best in the form of a diagram (See Figure 1 . ) . 

Direct Timing 

F i r s t , d i rect timing methods w i l l be approached* "Direct , 1 1 as 

mentioned before , w i l l mean that the reading i s in a usable form r e 

quiring no subtraction or interpolation of any form* Under t h i s 
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c la s s i f i ca t ion the f i r s t type of device i s v i s u a l , meaning that the 

record must be made manually and in a usable form* There are , as the 

c la s s i f i ca t ion continues, e i ther mechanical or e l e c t r i c a l types . 

Mechanical sha l l be discussed f i r s t . 

Mechanical mechanisms derive the i r power from a spring, which 

in turn releases i t s power to a ser ies of gears through some type of 

an escapement or governor. These two governing mechanisms release the 

power at a constant r a t e , therby giving the mechanism a movement pro

portional to t ime. The gears drive e i ther hands, which are read from 

a graduated d i a l to indicate time or to a set of type wheels, which 

print a time value on paper by the sue of a s t r ike r mechanism. Some 

supplementary mechanisms which w i l l aid in obtaining accuracy w i l l be 

considered. A device of t h i s type i s a solenoid. The stop watch, the 

watch, and the clock f a l l in the d i rec t v i sua l mechanical c l a s s i f i c a t i o n . 

To f a l l in t h i s c l a s s i f i c a t i on they must be used by a snap-back method 

of timing. The snap-back refers to a method whereby the timing piece 

i s returned to a normal or zero posit ion af ter a timing cycle and started 

again for each new c y c l e . This resu l t s in a direct v i sua l mechanical 

s ingle element t ime. 

A var ia t ion of the above method i s t o bank several stop watches, 

watches or clocks together and to alternate the timing from one device 

to the next . This produces a resul t of timing more than one element. 

The stop watch i s a spring wound mechanism in which potent ia l 

energy i s released through a regulating mechanism. The regulating 

mechanism i s usual ly an escapement which uses a balance wheel for the 

governing period. The period of the balance wheel i s the governing or 
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regulat ing force fo r the ent i re mechanism. The best qua l i ty stop 

watches contain a balance wheel which i s compensated for temperature 

va r i a t ion by the use of two d iss imi la r metals—dissimilar by v i r tue 

o f t he i r expansion coef f i c i en t—in the periphery of the wheel. As the 

temperature r i s e s , the diameter of the wheel decreases, thereby having 

the e f fec t of pu l l ing the mass nearer to the center o f the wheel. This 

reduces the i n e r t i a o f the wheel, which enables the ha i r spring to pro

pe l the balance wheel at the same period, f a c i l i t a t i n g temperature 

compensation. This method i s not perfect as th® watch can only be 

compensated for two temperatures. These are usual ly hS and 90 degrees 
2 

Fahrenheit . The most common method of s ta r t ing the stop watch i s to 

remove a pawl from the escapement which allows the mechanism to run 

without impediment. The stopping of the watch i s accomplished by r e 

placing the pawl, which impedes the movement of the mechanism. Other 

than the governing and stopping function of the escapement mechanism, 

i t permits power to be released through a system of gears which drive 

a hand or hands on the face of the watch. The face i s the point at 

which the watch i s read to obtain time va lues . 

The stop watch i s very por table , as i t i s small i n construction 

and can be carr ied from one place to another without d i f f i c u l t y . The 

operation o f the stop watch consis ts o f occas ional ly winding, pressing 

of button and reading of the watch. For more accurate appl ica t ion of 

the stop watch an electromechanical means i s occas iona l ly employed to 

depress the s tar t and stop button. The electromechanism consis ts o f a 
2 
A . Lockhart, ! ,A Survey of Devices Used i n Measuring Short 

Time I n t e r v a l s , " American Associa t ion Health Phys ica l Education and 
Recreation, V . Q12, Dec. p . 763. 
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s o l e n o i d o p e r a t e d b y e l e c t r i c a l c o n t a c t s o r a p h o t o e l e c t r i c c e l l . When 

t h e t e n t h o f a s e c o n d s t o p watch i s o p e r a t e d i n t h i s manner i t s p o t e n -

3 

t i a l a c c u r a c y o f .0016 minutes i s c l o s e l y r e a l i z e d . 

The s t o p w a t c h , b e i n g a d e v i c e which does n o t have p r o v i s i o n s 

f o r r e c o r d i n g t h e t i m e , must have an o p e r a t o r p r e s e n t t o v i s u a l l y l o o k 

a t and m a n u a l l y r e c o r d t h e t i m e v a l u e s o b t a i n e d . I t i s b e c a u s e o f an 

o p e r a t o r r e a d i n g and r e c o r d i n g t i m e v a l u e s from a s t o p watch t h a t some 

o f i t s main d i s a d v a n t a g e s a r i s e The d a t a i s r e a d b y a v i s u a l means 

and t h e r e are e r r o r s i n t h e r e a d i n g and r e c o r d i n g o f t h e d a t a . I n t h e 

use o f such an i n s t r u m e n t f o r t h e purposes o f mot ion and t i m e s t u d y r e 

s e a r c h , i t would be l i m i t e d t o hand o p e r a t i o n a s t h e e l e m e n t s must b e 

t a k e n i n r a p i d s u c c e s s i o n * 

The c o s t o f such an i n s t r u m e n t i s c o m p a r a t i v e l y low* I t i s i n 

e x p e n s i v e enough f o r i n s t i t u t i o n s and m a n u f a c t u r e r s t o p u r c h a s e f o r p r o 

d u c t i o n s t u d i e s and l i m i t e d , i n terms o f a c c u r a c y , r e s e a r c h p u r p o s e s . 

Watches a r e a m e c h a n i c a l t i m i n g d e v i c e u s i n g a s a s o u r c e o f power 

a s p r i n g s i m i l a r t o t h e s t o p w a t c h . Watches a r e u s u a l l y c a l i b r a t e d i n 

s e c o n d s , minutes and h o u r s . They a r e a g a i n r e a d d i r e c t l y from a c a l i 

b r a t e d d i a l * The p o s i t i o n o f t h e hands i s used t o i n d i c a t e t i m e v a l u e s . 

Watches a r e seldom u s e d i n r e s e a r c h e x c e p t i n t h e c a s e o f 

3 I b i d . , p* 763. 

^ I * P. L a z a r u s , "The Nature o f S t o p Watch Time S t u d y E r r o r s , " 
Advanced Management, V. 15>> May '50, p . 15 . 

* S t o p w a t c h e s can be o b t a i n e d f o r a p p r o x i m a t e l y $20 t o $350. 
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extremely long element times, for as the element times increase in 

length the percentage of error decreases. 

The clock i s e s sen t i a l l y the same as a natch* I t i s usual ly 

considered a la rger model* For t h i s reason there i s no necessi ty for 

discussing i t further* 

These devices do not meet the c r i t e r i a for a timer for motion 

and time stu$v research* They f a i l in two respects* These are: 

( 1 ) The timer should have a permanent record* 

( 2 ) The timer should read to . 0 0 0 1 of a minute* 

The other factors of the c r i t e r i a that these devices f a i l to 

meet could be obtained without excessive d i f f icu l ty* 

In the d i rec t v i sua l c l a s s i f i ca t ion of timers the e l e c t r i c a l 

timers w i l l be discussed next . There are e s sen t i a l ly two subclassifid

eations for t h i s type of timer, the Impulse and the motor. 

Direct v i sua l e l e c t r i c a l impulse.,--The di rect v i s u a l e l e c t r i c a l impulse 

s ingle element timers are designed on the capacitor leak p r inc ip le , the 

capicator charge pr inc ip le , and the frequency generator with a decade 

counter p r inc ip le . 

In the capacitor leak a condenser i s charged by a constant vol tage 

and i s allowed to discharge. The rate of discharge can be calculated 

(from the difference in potent ia l ) very accurately in terms of time. 

Usually a vacuum tube voltmeter i s used to measure the difference in 

potential* The voltmeter can be scaled in units of time, eliminating 

the necess i ty for the conversion of vo l t s to time. These units have a 

range of . 00001 minutes to several days, and have been known to measure 
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as l o n g as two weeks . On the l a r g e r ranges t he re has t o be a s w i t c h i n g 

o f s c a l e s so t h a t the d e f l e c t i o n o f t he i n d i c a t o r on t he v o l t m e t e r i s 

readab le * 

I n the o p e r a t i o n o f t h i s dev i ce the a n a l y s t has t o r e a d the v o l t 

age o r t ime a t t he end o f the element t imed* and charge the c a p a c i t o r 

f o r t he nex t element* F o r c y c l e s o f s h o r t d u r a t i o n some means has t o 

be p r o v i d e d so t h a t a d d i t i o n a l d i s c h a r g e , doe t o the r e s i s t a n c e o f t he 

v o l t m e t e r and n a t u r a l d i scha rge o f the condenser , does no t o c c u r . I f 

t h i s does o c c u r , the s h o r t element t ime v a l u e s w i l l have a c o n s i d e r a b l e 

percentage o f e r r o r . 

The v o l t m e t e r i s r e a d v i s u a l l y b y an o p e r a t o r . H i s s k i l l d e t e r 

mines the accu racy and v a l i d i t y o f the r e a d i n g s . As i n the s top wa tch , 

the dev ice i s s u b j e c t t o t he same d i f f i c u l t i e s o f i n a c c u r a t e r e c o r d i n g . 

These dev i ces are modera te ly l a r g e , bu t c o u l d be t r a n s p o r t e d 

f rom one l o c a t i o n t o another w i t h comparat ive e a s e . From the i n f o r m a 

t i o n a v a i l a b l e , t he charg ing t ime o f t he c a p a c i t o r i s ex t reme ly s h o r t ; 

however, ca re must be employed so t h a t the t ime i n t e r v a l i s compara t i ve l y 
6 

sho r t i n r e l a t i o n t o the t i m i n g a c c u r a c y . 

The c a p a c i t o r charge i s the r e v e r s e o f t he above procedure i n 

t h a t the charge i s c o n s t a n t l y a p p l i e d t o t he condenser . The ga ined 

charge i s c a l c u l a b l e i n u n i t s o f t ime* T h i s does no t appear t o have 

any a p p r e c i a b l e advantage ove r the l e a k p r i n c i p l e . 

A f r equency genera to r w i t h a decade coun te r c o n s i s t s o f a 

E* A * Wa lke r , "An Instrument f o r Measurement o f Shor t I n t e r v a l s 
o f T i m e , " F r a n k l i n I n s t i t u t e J o u r n a l . V . 231 , A p r i l f l | l , 3 7 3 - 9 . 

6 
I b i d . 
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frequency generator and an electronic counter. The purpose of the f r e 

quency generator i s to furnish a constant source of pulses . These 

pulses are counted by the e lectronic counter, which i s capable of adding 

up to 1 , 0 0 0 , 0 0 0 pulses per second. The timing i s accomplished by the 

di rect use of the pulses , which are allowed to pass in to the counter 

unit during the timing interval* At the end of the element being timed, 

the pulses are stopped by an electronic gate which es sen t i a l ly operates 

as a switch* The time value can be read d i r ec t l y i f decimal multiples 

of a minute are fed from the frequency generator* For exampla, a gen

erator del ivers 1 0 , 0 0 0 pulses per minute* The unit would read to ten 

thousandths of a minute* The device i s read v i s u a l l y , which allows no 

permanent record. 

These devices do not meet the c r i t e r i a e a r l i e r established, and 

therefore are found unsuitable for motion and time study research. 

( 1 ) They have no permanent record* 

( 2 ) They do not time more than one element. 

(3) Their range i s comparatively short (that i s , unless 
some means i s provided to change the s c a l e s ) . 

The devices can be made to time more than one element by using 

more than one un i t . For instance, the decade counter can be b u i l t up 

in several units so that i t w i l l time any desired number of elements. 

However, i t i s not necessary to use several frequency generators as one 

w i l l suff ice for a bank of counters. 

This eliminates the objection of not being capable o f timing 

multiple elements, however, the use of multiple uni ts adds another 



2 0 

factor in that the i n i t i a l expense of the unit i s excess ive . 

The capacitor leak pr inciple could be b u i l t up in the same man

ner in order to obtain multiple elements. I t f a l l s to meet the c r i t e r i a 

for the same reasons as the decade counter f a i l s . 

Direct v i sua l e l e c t r i c a l motor.—A device that comes under the di rect 

v i sua l e l e c t r i c a l motor c l a s s i f i ca t ion i s the stop c lock . 

Stop clocks are powered by a synchronous motor, and by vi r tue 

of i t the timing accuracy i s dependent on the source. The revolutions 

per minute of the motor are dependent on the number of cycles per minute. 

Therefore, the clock i s no more re l i ab le than the source o f current. 

The motor d i r ec t l y drives the hands or a se r ies of gears which drive the 

hands and the hands are read v i s u a l l y from a cal ibrated d i a l . The 

clocks are stopped in e i ther of two ways; one i s to interrupt the source 

of the current so that the clock stops (of course, in t h i s sytem there 

i s always the undesirable feature o f i ne r t i a carrying the hands past 

the desired va lue ) , and the other system employs a break, designed to 

overcome the e f fec t s of i ne r t i a . The break i s operated in connection 

with the interruption of the current. This stops the arm at the desired 

point . These two, being e s sen t i a l ly the same type of mechanism, w i l l be 
7 

classed together . 1 

This device f a i l s to meet the c r i t e r i a in that 

( 1 ) I t does not have a permanent record* 

( 2 ) I t only times one element. 
•& 

The estimated cost from components used, for a s i x - c i r c u i t un i t , 
i s approximately $1 ,1 ,00 . 

7 
L . A. Steiner , "On Timing Devices Merrits and Limitations of 

Three T^ypes," Chemical Age (London), V. Apr i l •1.6, p . ij$3-7. 
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This device can be b u i l t up of several units and could, there

fore , time more than one element; however i t s t i l l does not meet the 

c r i t e r i a in that i t does not have a permanent record* 

In reviewing the di rect recording mechanical single element 

timers i t i s found that there are none; however, there are two con

ceivable timers in t h i s category. One i s the use of the stop watch, 

clock and the watch in combination with a camera, the other the use of 

these three devices with type wheels. The photographic method would 

be to time the element and at the end of the element to stop the timing 

device and photograph I t . This however, does not meet the c r i t e r i a , as 

( 1 ) The operation cost i s comparatively expensive i f 
many readings are taken. 

( 2 ) The accuracy i s s t i l l not suff ic ient for motion 
and time study research. 

( 3 ) Only one element i s timed. This of course could 
be overcome by the use of multiple uni ts ; however the 
d i f f i c u l t i e s of 1 and 2 would s t i l l be present. In 
addition to the above mentioned fa i lu res to meet the 
c r i t e r i a there i s a delay in obtaining the data. 

Type wheels could be Incorporated with the stop watch, the watch 

and the c lock. This i s not very p rac t i ca l as i t would not meet the 

c r i t e r i a . I t would f a i l , since the accuracy i s not suff ic ient for 

motion and time study research. 

The d i rec t recording e l e c t r i c a l Impulse type of timer i s essen

t i a l l y the same as those under the c l a s s i f i ca t ion of v i sua l timer except 

that a photograph, type wheels or a recording voltmeter could be used in 

conjunction with the devices . The use- of the additional mechanisms would 

make the devices recording. 

The type wheels are not p r ac t i ca l to use in conjunction with the 
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impulse t y p e o f d e v i c e due t o t h e d i f f i c u l t y i n t r a n s f e r r i n g t h e p u l s e 

i n t o a m e c h a n i c a l a c t i o n from which a r e c o r d i n g can be o b t a i n e d . A 

mechanism o f t h i s n a t u r e makes t h e t i m e r e c o n o m i c a l l y i m p r a c t i c a l from 

an i n i t i a l c o s t . 

A p h o t o u s e d i n c o n j u n c t i o n w i t h t h e t i m e r s would a l s o g i v e a 

d i r e c t r e c o r d i n g ; h o w e v e r , i t would make t h e o p e r a t i o n a l c o s t h i g h and 

i t would r e q u i r e a d e l a y b e f o r e t h e d a t a c o u l d b e u s e d . 

A r e c o r d i n g v o l t m e t e r u s e d w i t h t h e c a p a c i t o r l e a k p r i n c i p l e 

shows some promise a s i t can meet a l l o f t h e c r i t e r i a . However, t h e r e 

i s one main d i f f i c u l t y t h a t has t o be overcome | t h a t i s s w i t c h i n g t h e 

s c a l e s so t h a t t h e a c c u r a c y o f t h e d e v i c e i s n o t s e r i o u s l y i m p a i r e d . 

T h i s p o s s i b i l i t y w i l l b e d i s c u s s e d f u r t h e r i n C h a p t e r I I I . 

The d e v i c e s i n t h i s c l a s s i f i c a t i o n can be made m u l t i p l e e lement 

b y t h e a d d i t i o n o f u n i t s a s d i s c u s s e d under d i r e c t v i s u a l e l e c t r i c a l 

m u l t i p l e e l e m e n t s . 

The d i r e c t r e c o r d i n g e l e c t r i c a l , motor d e v i c e such a s t h e s t o p 

c l o c k can be made t o r e c o r d t i m e v a l u e s b y e i t h e r u s i n g t y p e w h e e l s , 

p h o t o g r a p h s o r a s c r i b e r i n c o n j u n c t i o n w i t h i t . 

The t y p e w h e e l s c o u l d be c o n n e c t e d t o t h e r o t a t i n g member o f t h e 

c l o c k and b e made t o r e c o r d t i m e . The d i f f i c u l t y comes i n t h e r e s e t t i n g 

o f t h e d e v i c e , j u s t a s i n t h e v i s u a l l y o p e r a t e d s t o p c l o c k . T h i s r e 

s e t t i n g would b e i m p r a c t i c a l a s i t would l o s e t i m e i n t h e r e s e t o f 

c l o s e e l e m e n t s and t h e c o s t o f i n c o r p o r a t i n g a r e s e t would p r o b a b l y 

d o u b l e t h e c o s t o f t h e c l o c k . A more a p p l i c a b l e t i m i n g d e v i c e would 

b e t h e i n t e r p o l a t e d r e c o r d e r d i s c u s s e d l a t e r . 

A p h o t o g r a p h o f t h e t i m e r would r e s u l t i n a permanent r e c o r d , 
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but i t s t i l l has the d i f f i c u l t i e s encountered on the v i s u a l timer o f the 

same type with the addit ion o f the delay i n obtaining the data . Photo

graphing the clock r e su l t s i n an expenditure o f money t o obtain the data, 

and i f a large number of readings are taken the cost becomes excessive* 

The scr iber method can be employed i n the conventional manner by 

replacing the hands o f the clock with a s tylus* However, t h i s r e su l t s 

i n shortening the range of time* The range i s shortened by the f a c t 

that the second ro ta t ion of the hands would be retracing the time values 

and therefore only one ro ta t ion would produce a readable r e s u l t . This 

device does not meet the c r i t e r i a as 

(1) The range i s too short . 

(2) The accuracy i s reduced due to the scr ib ing o f the data. 

A German. Professor Poppelreuter, invented a time study machine 

i n 1929 tha t i s a s l i g h t modification o f the above p r i n c i p l e . The 

machine moves a tape past a scr iber at the ra te o f approximately 3/k" 

per minute. A pen moves perpendicular to the length o f the paper by a 

constant speed* At the end o f the element the pen returns to i t s normal 

pos i t ion and i s ready to time again* This had the d i f f i c u l t y o f a short 

range* This time study machine had an accuracy o f only .01 minutes and 

i s estimated t o a value of .001 minutes. This unit* however* does not 

meet the c r i t e r i a i n that 

(1) I t does not have su f f i c i en t accuracy. 

(2) I t does not time more than one element. 

8 
J * Becker, "How Many Hours A Day Do Tour Machines Work,1 1 Factory 

and Indus t r i a l Management. V* 83, Nov. *32, p . Ii22-li. 
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Interpolated Timers 

Since direct visual reading timers have been discussed earlier 
in this chapter and were found to be unsatisfactory as they did not 
meet the criteria, only the devices that have already been developed 
will be discussed* The difference in these and those already discussed 
is that the device is not returned to the zero position after each 
timing cycle. 

Ia general the timers In this classification do not meet the 
criteria because 

( 1 ) There is no permanent record* 
( 2 ) The data is not in a usable form* 
Continuous clocks use a synchronous motor for the source or 

driving mechanism* but they do not have the feature of stopping. In 
this category falls the wink counter, capable of timing to 1/2*000 of 
a minute, this unit being called a wink* Of course, they are not 

9 

limited to this value, but they are not readily obtainable* 
Another variation is to photograph continuous clocks* This 

does not meet the criteria in that the cost of obtaining the results 
is high and the accuracy is not sufficient* 

In this last classification under discussion, the greatest 
possibilities for developing a timer for motion and time study lie, 
and within this classification interpolated electrical recording are 
the most fruitful* 

The first device in this classification to be discussed is the 
Lockhart, 0£. cit* 9 



25 

interpolated recording impulse type* There are four p o s s i b i l i t i e s in 

th i s c lass i f ica t ion* They are printed data, photographed data, scribed 

data and magnetic data* 

The use of type wheels with an impulse type of timer i s Impracti

cal due to the f ac t that the voltage has to be increased un t i l i t i s 

suff ic ient to turn a motor or operate a solenoid* The solenoid method 

does not meet the c r i t e r i a since i t i s not able to obtain the accuracy 

greater than .001 minutes. The f i r s t offers no advantage over the motor 

type mechanism discussed a l i t t l e l a t e r in t h i s c lass i f ica t ion* The 

use of a photograph does not meet the c r i t e r i a as the cost of taking t h e t i m e v a l u e s b e c o m e s e x c e s s i v e , as they h a v e t o be p h o t o g r a p h e d and 

interpolated. 

The scr iber method i s to use a recording voltmeter with the im

pulse type of instrument; however, t h i s s t i l l has the d i f f i c u l t y pre

sented by the direct reading type of mechanism discussed before with 

the additional fau l t of having to be interpolated. 

There i s another method of recording impulse timers; that i s , to 

Impress the pulse on a magnetic tape. The pulses are obtained from a 

frequency generator. The pulses are fed d i r ec t l y Into a magnetic 

recording head which Impresses the pulses on the magnetic tape. The 

tape i s l a t e r run back through the recording head and an amplifier 

increases the pulse* The pulse i s counted by a solenoid operating a 

reciprocating printing counter. At the end of an element the counted 

number of pulses are recorded on a tape by pressing a s t r iker against 

the type wheels* This device i s capable of timing to 1 , 0 0 0 , 0 0 0 of a 

second* The device can be b u i l t with multiple recording head which 
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will allow the timing of more than one element at a time* 
This device fails to meet the criteria in that the initial cost 

is excessive* There is also a delay in obtaining the time values, as 
the magnetic tape has to be interpolated. 

These units as before can be combined in multiples to use an 
indexing device so that the elements can be identified; however, fur
ther investigation does not seem justified for the reasons mentioned* 

The interpolated recording electric motor type of machine has 
been the most fully developed and investigated type of device. It has 
also proved the most successful* Devices of this type have been devel
oped along the lines of type wheels and scribed data. The photographic 
method does not seem to give fruitful results as the cost of photograph
ing and the delay In obtaining the values does not meet the criteria; 
therefore, previous investigations seem to come to the same conclusion 
as reached by this writer—that there is not too much practical value 
in the photographic method. 

The type wheel method has been used by Barnes, Thursen, and L. D. 
10 

Davis. These three men collaborated to build two machines. The device 
built by these men operated on the principle of using a synchronous motor 
to drive type wheels. The devices were calibrated in units to . 0001 
minutes and are capable of recording more than one element. This type 
of device meets almost all of the requirements for a timer for motion 
and time study except that the time is not recorded directly and the 
initial cost of the device is excessive. The author is of the opinion 

10Bames and Williams, og. cit. 
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t h a t b y m o d i f i c a t i o n s i n d e s i g n t h e c o s t o f t h e d e v i c e can b e v e r y 

r e a s o n a b l e and t h e d e s i g n w i l l b e d i s c u s s e d i n C h a p t e r I I I * 

A n o t h e r v a r i a t i o n o f t h e synchronous motor t i m i n g i s a t i m e r 

U 

d e v e l o p e d b y D r . D a l e Jones i n wh ich he u s e d a m a g n e t i c w i r e r e 

c o r d e r and a l l o w e d t h e r e c o r d i n g machine t o r u n . He n o t e d t h e s t a r t 

and s t o p b y a s h a r p c l i c k on t h e microphone . He l a t e r a t t a c h e d a 

r e v o l u t i o n c o u n t e r t o t h e r e c o r d e r and t r a n s c r i b e d t h e w i r e a g a i n . 

The r e v o l u t i o n s be tween c l i c k s a r e d i r e c t l y c o n v e r t i b l e i n t o t ime 

v a l u e s . I t i s c l a i m e d b y Dr . Jones t h a t t h e d e v i c e i s a c c u r a t e t o 

1 2 

•001 m i n u t e s . 

The s c r i b e r method i s u s e d i n two t i m e r s , t h e Mars tochron and 

t h e Kymograph* The Mars tochron i s a d e v i c e which d e r i v e s i t s power 

from a synchronous motor t h a t runs a t a p e w i t h p r i n t e d numbers a l r e a d y 

on t h e t a p e . The t a p e i s marked a t t h e b e g i n n i n g and a t t h e end o f 

t h e c y c l e . The t i m e s a r e s u b t r a c t e d and a t i m e v a l u e i s o b t a i n e d . 

T h i s d e v i c e d o e s n o t meet t h e c r i t e r i a i n t h a t t h e a c c u r a c y i s o n l y 

•001 m i n u t e s , t h e t i m e h a s t o b e i n t e r p o l a t e d and o n l y one e l ement 

i s t i m e d . 

The Kymograph i s a n o t h e r d e v i c e which d e r i v e s i t s power from a 

synchronous m o t o r . The o n l y d i f f e r e n c e i s t h a t i n s t e a d o f showing t h e 

t i m e on a marked t a p e t h e t i m e v a l u e i s o b t a i n e d b y p u l l i n g a t a p e a t 

a c o n s t a n t v e l o c i t y and t h e t i m e i s t r a c e d b y a s t y l u s on t h e p a p e r . ''"Stele J o n e s , "And Now; R e c o r d e d Time S t u d i e s D i c t a t e d I n t o 
M a g n e t i c Wire R e c o r d e r , " F a c t o r y Management and M a i n t e n a n c e , V* 1 0 8 , 
March «£0, p . 1 2 6 * ~ ~ ~ ~ 

1 2 
I b i d . 
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The interruption of the l ine i s measured and converted in order to ob

ta in the values* 

A variat ion i s the Marstograph which times s i x elements; however, 
13 

the accuracy i s not suff ic ient to meet the cr i te r ia* 

I t also does not meet the c r i t e r i a in that i t i s expensive and 

time consuming to use* 

Another method of obtaining recorded data would be to transfer 

the time value into punched data such as on an IBM card. This would 

require the use of a card feeding mechanism in order to obtain a card 

for each time value , a punching mechanism, a coding or timing mechanism 

and a reading mechanism* The reading mechanism would in a l l probabi l i ty 

be a calculator which would be rented. The other devices would be ex

cess ive ly cos t l y due to the quantity and qual i ty of the needed component 

parts of the machine* This type of device would be highly desirable for 

research i f the i n i t i a l cost could be afforded, as t h i s type of data 

could be programmed on a calculator to s t a t i s t i c a l l y analyze the data. 

Due to the high i n i t i a l cost the machine f a i l s to meet the c r i t e r i a . 

From the previous discussion i t appears that there are two devices 

which show promise for a timer for motion and time study research* They 

are the direct recording e l e c t r i c a l impulse timer and the interpolated 

recording e l e c t r i c a l motor t imer. These w i l l be discussed further in 

Chapter I I I to see which f a c i l i t a t e s the best timer for motion and time 

study research. 

Now Machine Made Time Studies", Factory Management and Main
tenance, V. 91, H. $, May «39, p* 66. 



CHAPTER i n 

ESVELOFMOT OF A Wm TIMER 

From the l a s t chapter, i t has been seen that there are two de

v ices that warrant more discussion as a research timer. In th i s chapter 

the two timers w i l l be discussed and the be t ter of these two sha l l be 

considered for additional development. These two timers are the capaci

tor leak timer and the Thusen timer. 

The Capacitor Leak Timer 

The f i r s t of the timers considered w i l l be the capacitor leak. 

This timer works on the principle o f a constant vol tage applied to a 

condenser. The condenser would be energized u n t i l the timing cycle i s 

s tar ted. During the timing cycle the charge on the capacitor would be 

allowed to dissipate through a res is tance . The resistance i s the load 

on the capacitor and would of necessi ty be of high qual i ty so that i t s 

value would not change appreciably during the operation of the uni t . 

At the end of the timing cycle the resistance would be removed from the 

c i r c u i t . This serves to stop the discharge of the condenser. The con

denser then has a remaining charge proportional to the time elapsed. 

This charge i s read with a vacuum tube voltmeter. I t can read i ly be 

seen that a vacuum tube voltmeter must be used, as the in te rva l r e 

sistance of a standard voltmeter would allow further discharge of the 

condenser, thereby giving an erroneous reading of time. The cycle i s 

repeated by disconnecting the voltmeter, connecting the resistance and 
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connecting the voltage source. The condenser charges and the, when the 

timing continues, the voltage source i s disconnected and the cycle i s 

repeated. 

The timer jus t described i s a d i rec t v i sua l e l e c t r i c a l impulse 

s ingle element timer. 

This timer can be made multiple element by the addition of sev

e ra l un i t s . The units would be connected with additional condensers, 

additional res is tances , and additional switches. The v o l t source would 

not have to be duplicated, as one unit would be suff ic ient for the bank 

of condensers. 

The timer has the major d i f f i c u l t y of recording. This could be 

accomplished by the use of a recording voltmeter. There i s a loss in 

the accuracy in the recording time due to the loss in accuracy of the 

voltmeter. This inaccuracy i s in the neighborhood of ten per cent of 

the voltage recorded. This , however, would not cause the unit to be 

inaccurate enough for time values in the neighborhood of one ten 

thousandths of a minute. The recording voltmeter can be scaled to read 

time values , though for the range required there would have to be sev

e r a l changings of the s c a l e s . For instance, at one tenth of a minute 

the scale would have to be changed. At th i s time value and for a value 

s l i g h t l y larger the times could s t i l l e a s i l y be read. However, as the 

range increases the deflect ion on the scale would have to have a very 

large deflect ion in order to read the va lues . For example, an element 

that i s in the range of one to ten minutes used on a scale that i s 

ten inches would require reading the difference of one ten thousandth 

of an inch from an inked l ine of a s t r i p of paper. The impract ical i ty 
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of th i s can read i ly bo seen. 

However, on short element times, as fa r from zero to one one 

hundreth of a minute on the same s c a l e , i t would be p rac t i ca l to read 

t h i s difference as i f i t were one tenth of an inch, This difference i s 

read i ly dist inguishable. 

There i s a method by which the unit could record a l l the time 

values . This i s to switch the scale for every . 0 1 minutes range. In 

other words, change the scale at from 0 to , 0 1 minutes to read , 0 1 to 

• 02 e t c . This would require a hundred switches for each minute of 

range and what scale the unit i s recording would also have to be r e 

corded. This again appears to be highly impractical; therefore, i t 

appears that th i s timer would be good only for timing jobs where the 

approximate time value i s known, A scale can be used for t h i s time 

value as extreme accuracy can be obtained in t h i s manner. I t appears 

that th i s timer i s highly impractical for motion and time study r e 

search as i t w i l l f a i l to meet these requirements of the c r i t e r i a : 

( 1 ) The i n i t i a l cost would be excessive i f a long range 
i s obtained, 

( 2 ) The time for an operator to read the different sca les 
would be excessive for conversion. 

The Thusen Timer 

The other a l ternat ive i s the Thusen timer. I t i s an interpo

lated e l e c t r i c a l motor recording multiple timer capable of timing one 

ten thousandth of a minute. The timer times s i x elements* This timer, 

as previously stated, has been used for motion and time study research, 

and has been found sa t i s fac tory for research purposes. However, i t has 
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an extremely high i n i t i a l cos t . 

jfcalph M. Barnes and E . D. Wil l iams, J r . , "The Automatic Time 
Recorder," Modern Management, V . L X , May N. U , P . lu 

The Thusen timer operates e s s e n t i a l l y as described before; how

ever, a complete discussion of i t s design p r inc ip le s are expressed by 

Mr. B a r n e s . ^ 

The automatic timer records time values on a s t r i p o f adding 
machine tape tha t i s advanced in te rmi t ten t ly . By merely sub
t rac t ing successive va lues , the time of the elemental motion 
can be obtained. The time recorder records the beginning and 
ending time values o f the motion being studied* 

The timer i s composed o f two main par ts ; the recorder and 
the control box. The recorder contains a cen t ra l shaft with 
fourteen wheels, each wheel being graduated in to 100 inc re 
ments from 00 to 9 9 / Wheels 1 to 12 revolve at 100 rpm and 
record time i n thousandths and ten thousandths o f a minute. 
Wheel 13b revolves a t 1 rpm and records time i n tenths and 
hundredths of a minute. Wheels 1 to 12 record the occurrence 
of an event (making of a contact , breaking o f a contact , 
breaking of a l i g h t beam in a photoelectr ic c e l l c i r c u i t , or 
c los ing o f the photoelectr ic c e l l c i r c u i t ) by being struck by 
a key which i s actuated by a time-marker solenoid. The time 
o f contact of the key i s so short that no not iceable blurr ing 
of the impression r e su l t s from the continuous rota t ion of the 
graduated wheels. This time-marker solenoid i s energized 
momentarily through the control box. The keys and solenoids 
are located underneath the mechanism. 

The wheels receive t h e i r motive power from a synchronous 
motor which revolves at 1800 rpm. This i s geared down through 
gears to revolve wheels 1 to 12 exac t ly 100 rpm. From t h i s cen
t r a l shaft gears revolve wheel 13a at exac t ly 1/10Q and gears 
revolve wheel 13b at exac t ly 1 rpm. 

Whenever one of the keys s t r ikes wheels 1 to 12 a double key 
simultaneously s t r ikes wheels 13a and 13b and the paper advance 
solenoid operates a mercury switch. The c los ing of t h i s mercury 
switch energizes solenoid which operates the paper advance mech
anism. This mechanism rotates the rubber r o l l e r s which i n turn 
feed the paper and carbon paper through the mechanism. Approxi
mately one-half inch o f paper moves forward fo r each reading, the 
paper being advanced in termi t tent ly at the end of the recording 
of each event. 

The recording of each event consis ts o f the readings from wheels 
13a and 13b and one of the wheels 1, 2 , 3 , e t c . Each odd-numbered 
wheel i s associated with the following even-numbered wheel i n that 
the odd records the make of a c i r c u i t and the even the break of a 
c i r c u i t . Therefore the recorder i s designed to take readings from 
s i x such c i r c u i t s . 
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This timer comes the c loses t o f any to the c r i t e r i a for a timer 

for motion and time study research* However, i t does not meet the 

c r i t e r i a i n tha t , 

(1) I t s i n i t i a l cost i s excessive and therefore i t i s 
not r ead i ly ava i lab le to industry or ins t i tu t ions* 

(2) The timing i s not d i r e c t , as i t has to be subtracted. 
This i s a cumbersome process i n t h i s machine because the 
type wheels are arranged so tha t the time i s added during 
the timing c y c l e . This necess i ta tes an analyst to reverse 
the order o f times and subtract . 

I f the type wheels were arranged to subtract t ime, the reading 

would be i n order o f use . An example o f t h i s i s shown below. 

Thusen 

2U.3219 Element 1 

2l**l*219 Element 2 

2U.5235 Element 1 end 

To perform the subtraction the numbers have to be reversed so 

2lu£21Q - 2U.3219 or .20 minutes. 

I n the proposed method the time i s recorded i n t h i s order: 

21**3219 Element 1 

21*. 2219 Element 2 

2l**1219 Element 1 end 

The numbers are i n the correct order, f a c i l i t a t i n g an eas ie r 

subtract ion, without the mental or paper reversa l - 2i*.3219-2l**1219 or 

•20 minutes* 

Of these two t imers , i t appears the Thusen timer i s the be t te r 

fo r motion and time study research* However, as pointed out, the 

i n i t i a l cost i s too high and the times need to be interpolated. 

As the timer i s s a t i s f ac to ry i n the other respects i t appears 
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that t h i s w i l l be the most f r u i t f u l type o f timer to develop. However, 

i t must be redesigned so that i t s i n i t i a l cost can be reduced. The 

author be l ieves tha t through several design changes the t imer ' s cost 

can be subs tan t ia l ly reduced and the need for the control box can be 

el iminated. The control box serves the function o f cut t ing the vol tage 

low enough so tha t an operator can s a f e ly come in to contact with the 

vol tage and to ac t iva te the s t r ike r solenoids . This box consis ts o f 

r e l a y s . The re lays c lose a high vol tage c i r c u i t and operate the s t r ike r 

solenoids . The problem of operating the proper solenoid becomes complex 

as two or more have to be operated at the same time* 

A discussion o f the proposed timer w i l l follow* Af ter the new 

timer i s discussed, a comparison of the Thusen timer and the proposed 

one w i l l show the design modifications which w i l l reduce the t imer ' s 

cost without an accompanying l o s s i n e f f i c i e n c y , accuracy or advantages. 

I t i s hoped that severa l desirable features can be accomplished by the 

redesign, such as the eas ie r i d e n t i f i c a t i o n and subtract ion o f elemental 

t imes . 

The Proposed Timer 

The proposed timer shall , operate on a 110-volt 60-cycle a l t e r 

nating current source. The heart of the timer i s a l/75>-hp 1800 rpm 

synchronous motor* The motor speed was chosen for two reasons. One, 

the motor i s not obtainable in the speed desired. Two, t h i s motor was 

r ead i ly a v a i l a b l e . The motor i s geared down to 1000 rpm by the use o f 

3/16M 32 p gears . There are f i v e gears i n t h i s s e r i e s , two accomplishing 

the reduction i n speed and the res t act ing as an i d l e r and spacer. This 
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spacer gear allows the type wheels to be placed in a posi t ion where the 

s t r ike r can h i t them to get an impression* The type mechanism i s com

posed of s i x type wheels each reading from zero to nine. This allows a 

range of zero to one hundred minutes i n increments of one ten thou

sandths of a minute. The f i r s t type wheel tunas at 1000 rpm and each 

successive wheel turns at a r a t i o of one t o ten making the second turn 

at 100 rpm, the th i rd at 1 0 rpm, e t c . The gearing i s arranged so that 

the numbers are subtracted allowing easier reading. These type wheels 

were selected because they are a standard assembly. 

The element se lec tor i s a standard type bar from an adding ma

chine. There are ten numerals ranging from zero to nine. A larger 

type bar could have been chosen; however i t was f e l t that for the 

experimental model nine elements would be su f f i c i en t . The type bars 

are depressed by the use of small electromagnets acting somewhat 

s imi lar ly to a re lay with the contact bar s t r ik ing the numerals, and 

the spring that i s already incorporated in the type bar to return the 

number when the c i r cu i t i s released. The electromagnets operate on 

s i x vo l t s d i rec t current and are energized by the subject* This c i r 

cu i t i s in se r ies with a r e l ay that operates the s t r iker solenoid* 

The action of t h i s unit i s as fol lows: 1/dhen the subject c loses the 

c i r c u i t the appropriate element number i s depressed and the s t r ike r 

comes up s t r ik ing the element number and the type wheels, giving the 

s t a r t or end of the element and the time at which i t occurred* 

This completes the timing mechanism* 

The paper advance mechanism i s composed of s i x par ts . They are 

the paper holder, the paper guide, the paper p la t ten , the paper pressure 
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r o l l , t he paper advance s o l e n o i d and the m i c r o s w i t c h . 

The paper h o l d e r i s composed o f a r o d t h a t f i t s through the c e n 

t e r o f t he r o l l o f paper and i s th readed on one end and has a knob on 

the o t h e r . T h i s r o d f i t s through the frame o f the machine and screws 

d i r e c t l y t o the o t h e r s i d e . T h i s i s done t o keep the paper i n s i d e o f 

the machine i n s t e a d o f on the t op as i n the Thusen t i m e r . 

The paper gu ide i s made o f 3/k i n c h d iameter aluminum s tock and 

se rves the purpose o f keep ing the paper l e v e l and s t r a i g h t as i t goes 

through the p r i n t i n g mechanism. I t i s made out o f aluminum f o r the 

sake o f keep ing the weight down. I t i s f a s t e n e d d i r e c t l y t o the frame 

o f the machine. 

The paper p l a t t e n i s a s tanda rd t y p e w r i t e r p l a t t e n cu t down i n 

l e n g t h . I t s purpose i s t o advance the paper th rough the machine a f t e r 

each p r i n t i n g * I t r e t a i n s i t s knobs so t h a t the paper can be f e d 

th rough the machine manua l l y . 

The paper p r e s s u r e r o l l i s a s tandard rubber r o l l e r f rom a t y p e 

w r i t e r . I t s purpose i s t o h o l d the paper a g a i n s t the p l a t t e n so t h a t 

i t can be f e d through the machine. The r o l l i s mounted i n two oblong 

h o l e s so t h a t i t can be r a i s e d o r l owered . T h i s a l l o w s the r o l l t o be 

l i f t e d t o s t a r t the paper and t o a d j u s t i t so t h a t t he paper w i l l f e e d 

s t r a i g h t * The r o l l i s ad j us ted b y two thumb screws on the t op o f the 

machine. 

The paper advance s o l e n o i d ac tua tes the p l a t t e n when the c i r c u i t 

i s e n e r g i z e d . I t i s a 1 1 0 - v o l t s 6 o - c y c l e a l t e r n a t i n g cu r ren t s o l e n o i d . 

The s o l e n o i d engages a pawl i n t he r a t c h e t o f the p l a t t e n and p u l l s the 

paper fo rward approx imate ly o n e - h a l f i n c h f o r each a c t u a t i o n . T h i s i s 
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adjustable by the positioning of the solenoid. The pawl i s returned to 

i t s normal posi t ion by a spring. The solenoid i s energized by the micro-

switch. The microswitch i s operated by the return stroke of the s t r iker 

solenoid, thereby allowing the paper to be advanced af ter the printing 

of the tirae va lue . 

Str iker Mechanism 

The s t r iker mechansim i s composed of a solenoid, a s l id ing cam, 

and a s t r iker p la t ten . 

The s t r ike r solenoid operates on a 110 -vo l t 60 - cyc le al ternating 

current. When the solenoid is energized, i t pu l l s the s l id ing cam. The 
s l id ing cam pushes the s t r iker p la t ten , a hard rubber bar , against the 

type wheels which makes an impression of the element and the time. A 

spring returns the solenoid when the c i r c u i t i s released. The s t r ike r 

plat ten returns to i t s normal posit ion by gravi ty and i s ready for the 

next timing. On the return stroke a microswitch i s actuated which ad

vances the paper. 

The paper i s a 5 - 1 / 2 r o l l of s ingle use carbon and a sheet of 

white paper. The use of th i s eliminates the need for an inked ribbon. 

The frame i s made of 1/h" aluminum p l a t e , with holes d r i l l ed so 

that a l l parts can be d i r ec t l y mounted to i t . 

The foregoing parts are shown with the i r specif icat ions on 

Figures 1 to 3 8 . (See Appendix) 

As can be seen, a l l standard parts are used wherever possible , 

and those that have to be made are of a simple design and are designed 

with the s t ress on ease of construction. With these two pr inciples in 
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mind the f i r s t objective for the redesign i s accomplished, that i s , the 

reduction in cost of the timer* Also the number of elements that can 

be timed has increased from s i x to nine. The numbers are eas ier to 

read, since they need not be reversed before subtraction* The paper 

i s incorporated with the carbon, eliminating the need for two r o l l s 

and the d i f f i c u l t y of aligning them* The type wheels have been cut 

down from fourteen to s i x and have been changed from spec ia l wheels 

to standard ones* The type wheels only require one pinion wheel for 

indexing whereas the Thusen required twelve* The number of gears has 

been reduced from over ten to three* The control box has been e l imi

nated* These factors are believed to be substantial improvements over 

the design o r ig ina l ly made by Thusen* 

Operation of the Time Recorder 

As was discussed and can be seen from the previous sect ion, the 

time recorder i s e s sen t i a l ly a device which i s dependent on a 1 1 0 - v o l t s , 

60 - cyc l e s alternating current source* This power serves the ent i re ma

chine. The current enters the machine and d i rec t ly drives a synchronous 

motor. The motor in turn drives a ser ies of gears which drives a count

ing mechanism* The counting mechanism i s made up of type wheels of which 

the l a s t wheel turns at 1000 revolutions per minute, making the reading 

on t h i s wheel r eg i s t e r one ten thousandth of a minute, as the wheels have 

ten numbers ranging from 0 to ° on the circumference* This i s the heart 

of the timer and i s the c r i t i c a l measurement of time, as any slowing or 

speeding of the motor w i l l disturb the true time value* A s l igh t change 

by the speeding or slowing of the type wheels due to the s t r iker should 
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be compensated by the synchronous motor* 

The other use of the power w i l l be to drive the auxi l ia ry mech

anism* These are: 

( 1 ) The low voltage source for the actuation of the 
c i r cu i t and operation of the relay* 

(2) The power for the s t r iker solenoid. 

( 3 ) The power for the paper advance solenoid. 

The low voltage source for the actuation of the c i r cu i t number 

and the operation of the re lay i s obtained from a 12 - v o l t s al ternating 

current transformer* This voltage runs from the machine to the switch, 

which i s a t the point of the study, and returns to the machine act ivat ing 

the par t icular c i r c u i t number and the r e l a y . The c i r c u i t numbers1 func

t ion i s to enable the analyst to ident i fy the par t icular motion l a t e r 

when the readings are analyzed* The function of the re lay i s twofold, 

one being that a high voltage source i s applied to the s t r iker solenoid, 

two, the re lay i s of a type which w i l l only del iver a single short im

pulse to the s t r ike r mechanism so that no matter how long the c i r c u i t 

i s energized the s t r iker w i l l not res t against the type wheels, thereby 

causing a smear on the paper* 

The power for the s t r iker solenoid i s obtained through the r e l ay , 

as was mentioned above. The c o i l windings are energized by a s i x - v o l t s 

source and the contacts on the re lay acting as the switch for the high 

voltage source* The high voltage source i s UO vo l t s alternating cur

rent , 60 cyc les operating the s t r ike r solenoid* The resu l t of t h i s i s 

to drive a platten against the type wheels making the impression or 

permanent record. 
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The power f o r t h e p a p e r advance s o l e n o i d i s a g a i n a 110 -vo l t , 

60-cycle a l t e r n a t i n g c u r r e n t s o u r c e . T h i s v o l t a g e i s o b t a i n e d from a 

m i c r o - s w i t c h . The m i c r o - s w i t c h i s p l a c e d under t h e p l u n g e r o f t h e 

s t r i k e r mechanism and as t h e p l u n g e r r e t u r n s from i t s s t r i k i n g o f t h e 

t y p e w h e e l s i t h i t s t h e m i c r o - s w i t c h and t h i s g i v e s an impul se o f 

e l e c t r i c i t y which a c t i v a t e s t h e p a p e r advance s o l e n o i d . T h i s a l l o w s 

t h e p a p e r t o b e advanced j u s t a f t e r t h e p r i n t i n g , and i t i s now r e a d y 

f o r t h e n e x t r e c o r d i n g . The p a p e r i s e j e c t e d o u t s i d e o f t h e machine 

o r , i f d e s i r e d , a b o x c o u l d be a t t a c h e d t o t h e o u t s i d e o f t h e machine 

which would c a t c h t h e p a p e r and c o u l d even s e p a r a t e t h e carbon b y a 

s e p a r a t i o n p l a t e from t h e p a p e r . 

The f o r e g o i n g d i s c u s s i o n g i v e s a f a i r l y comprehens ive v i e w o f 

what t a k e s p l a c e i n s i d e t h e machine a s a s t u d y i s made, b u t t h e r e are 

s e v e r a l t h i n g s t h a t must b e performed b y t h e a n a l y s t making t h e s t u d y . 

P r o c e d u r e s P r e l i m i n a r y To Use 

The f i r s t t h i n g , o f c o u r s e , i s t o program t h e m a c h i n e ' s u s e so 

t h a t i t can b e e f f e c t i v e l y u s e d f o r t h e p a r t i c u l a r s t u d y b e i n g made. 

T h i s i s done v e r y s i m i l a r l y t o t h e p r o c e d u r e u s e d i n t a k i n g t i m e s t u d i e s . 

Of c o u r s e , t h e s e must b e v i e w e d i n terms o f how t h e machine o p e r a t e s . 

These a r e : 

(1) A w r i t e - u p o f t h e j o b o r e l ement b e i n g t i m e d . T h i s 
i s n e c e s s a r y so t h a t l a t e r when t h e d a t a i s t i m e d and 
a n a l y z e d t h e a n a l y s t w i l l h a v e a comple te check on t h e 
s t u d y w i t h f u l l comprehension o f what has t a k e n p l a c e . 

( 2 ) A . d e c i d i n g o f what i s t h e s t a r t and end p o i n t so 
t h a t t h e e l e m e n t s w i l l b e c l e a r l y d e f i n e d . 

(3) A breakdown o f e l e m e n t s so t h a t t h e p r o p e r v a r i a b l e s 
w i l l b e measured . 



(k) A d e c i s i o n a s t o what t y p e o f s w i t c h w i l l be u s e d 
t o e n e r g i z e t h e c i r c u i t . Some o f t h e s e a r e : 

A . M i c r o - s w i t c h which i s a c t i v a t e d b y t h e s u b 
j e c t . On t h i s t y p e , d e f i n i t e c o n t a c t has t o b e 
made so a s t o a c t i v a t e t h e s w i t c h . I t must b e 
remembered t h a t t h e o p e r a t i o n o f t h e s w i t c h 
c o u l d r e q u i r e e x t r a t i m e i f i t i s n o t p r o p e r l y 
l o c a t e d o r u s e d w i t h m o t i o n s , and t h a t t h i s 
d e f i n i t e c o n t a c t c o u l d i n t r o d u c e s e r i o u s e r r o r . 

B . E l e c t r o m a g n e t s w i t c h which i s o p e r a t e d b y 
t h e o p e r a t o r wear ing a s m a l l magnet c o n n e c t e d 
t o t h e s u b j e c t ' s b o d y member. A s t h e magnet i s 
b r o u g h t i n t h e immediate v i c i n i t y o f t h e s w i t c h , 
i t i s c l o s e d . The a n a l y s t must remember t h a t 
t h i s has t h e f a u l t o f n o t b e i n g an e x a c t l o c a t i o n ; 
however , i t c o u l d b e c o n t r o l l e d i f c a r e f u l l y p l a c e d 
w i t h i n a f o u r t h o f an i n c h . 

C P h o t o e l e c t r i c c e l l . T h i s i s b a s e d upon t h e i n 
t e r r u p t i o n o f a l i g h t beam b y t h e s u b j e c t which 
t r a n s f e r s a s m a l l c u r r a n t t o a r e l a y which i n t u r n 
o p e r a t e s t h e mechanism. T h i s must have a comprar-
t i v e l y c o n s t a n t l i g h t i n t h e surround ing so t h a t 
t h e d e v i c e w i l l n o t be d i s r u p t e d b y shadows, changes 
i n s u n l i g h t , e t c 

D. By t h e a c t u a l d e p r e s s i n g o f a s w i t c h b y t h e 
a n a l y s t . T h i s o f c o u r s e h a s t h e d i s a d v a n t a g e o f 
t h e a n a l y s t ' s r e a c t i o n t ime and i n a l l p r o b a b i l i t y 
would n o t b e used b y t h e o p e r a t o r . 

There a r e o t h e r methods t h a t c o u l d b e d e v i s e d b u t i t i s n o t t h e purpose 

t o go i n t o a l l o f t h e s w i t c h mechanisms b u t r a t h e r t o g i v e an i n s i g h t 

a s t o what c o n s i d e r a t i o n s a r e n e c e s s a r y i f an arrangement o f t h i s t y p e 

i s u s e d . 

(5 ) A d e c i s i o n o f how t h e c i r c u i t s a r e t o be u s e d i n 
a d d i t i o n t o t h e d e f i n i t e u s i n g o f t h e c i r c u i t numbers . 
T h i s i s p r o b a b l y b e s t e x p l a i n e d b y example . Such an 
example would b e : 

Case I . A j o b c o n s i s t s o f f o u r e l e m e n t s . The 
j o b has an e lement sequence o f o n e , t w o , t h r e e , 
f o u r and o n e , e t c . T h i s r e p e a t s i t s e l f t h r o u g h 
o u t t h e s t u d y . There i s no l a g o r t i m e d e l a y 
be tween s u c c e s s i v e e l e m e n t s . The machine c o u l d 
be s e t up i n t h i s c a s e u s i n g o n l y f o u r c i r c u i t s , 
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each ^recording the s t a i n i n g time of the element. 
The s tar t ing point of element two would be the 
ending point of element one. 

Start End 

Star t &id 

Star t End 

Start End 

This can again be handled by Case I I . I t i s the 
wr i t e r ' s b e l i e f that th i s covers almost a l l types 
of jobs that could appear. However, i f t h i s does 
not, i t i s f e l t that the solution could e a s i l y be 
obtained by some additional reasoning on the part 
of the analyst . 

(6) The se t t ing of the c i r cu i t s which include the actual 
physical layout of the switches. 

Case I I . Consider now the case where there i s 
e ssen t i a l ly the same job except that there i s a 
delay between one of the elements. This would 
mean that one element ends, than there i s a lag 
before the next s t a r t s . This would require some 
means to ident i fy the end point of the element 
preceding the l a g . This i s accomplished by using 
an extra element numeral in order to ident i fy the 
end of the element. An al ternat ive method would 
be to ident i fy a l l of the elements end points by 
the use of numeral number 0. At the end point a 
double-pole single-throw micro-switch i s connected 
with i t . 

Case I I I . This i s a case where the elements do not 
occur in sequence. That i s , one time they may occur 
in sequence and the second cycle they would appear 
one, three, two, four. This could be performed the 
same as in Case I I . 

Case IV. This i s where one or more elements could 
s ta r t in the middle of another element and end at 
any time in the same element or outside in any of 
the other elements. 
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(7) The placing of paper into the machine. This i s done 
by removing the cover, taking out the paper rod by un
screwing the knurled knobs on the side of the machine and 
pul l ing i t out, putting in a r o l l of paper so that i t feeds 
from the bottom and replacing the paper screw* The paper 
i s fed through the counter to the paper advance. I t i s 
s tarted In the paper advance, and the p l a s t i c knob i s turned 
counterclockwise. The paper i s then fed outside of the ma-
cine . 

The machine i s now ready for a t e s t which should be performed be

fore and af ter the machine i s to be used for a study. The f i r s t t e s t i s 

to simply run through the order or sequence o f elements and check the 

elements and printing to see i f , one, the machine i s making a l l of the 

c i r cu i t s or elements in the proper order (that i s , c i r c u i t one measures 

element one, c i r c u i t two measures element two, e t c ) , two, to see i f a l l 

c i r c u i t s are wired or closed, three, to see that there i s not a mechani

c a l f a i l u r e . 

A second t e s t could be performed that would allow a complete 

check of the machine, that i s , to have a timer of known accuracy energize 

the c i r cu i t and check the printed value against the known. This , however, 

i s a cumbersome t e s t and in a l l probabi l i ty would not be necessary except 

on a per iodical check—say monthly or weekly, e t c . , depending upon use. 

Care and Operation of the Machine Boring the Study 

The machine i s completely automatic during the study except 

where the analyst actuates the switch at the s t a r t and stop of the e l e 

ment. In l i g h t of t h i s there are two things that are necessary to check 

during the operation. One i s to see that the supply of paper i s s u f f i 

c ient and that i t i s feeding properly. Two, that the machine i s printing 

the required number of readings. 

There i s one additional point the analyst might l i k e to check i f 
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c i r cu i t s permit and that i s to connect an additional c i r cu i t to show 

or make a record of foreign elements by depressing a key. This means 

that the time for the par t icular element i s re jec ted . An additional 

jack i s provided for t h i s purpose and i s already wired; i t i s c i r c u i t 

nine. 

After the study i s made the same t e s t as prescribed before i s 

to be performed and then the machine i s turned o f f . The paper i s ad

vanced with the p l a s t i c knob u n t i l the printed numbers cease to ap

pear, and then the paper i s torn o f f . 

In the storage of the machine i t i s advisable to release the 

paper advance r o l l to prevent f l a t spots on the r o l l e r s , and to cover 

the machine so that no dust s e t t l e s upon i t . 



CHAPTER I V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

C h a p t e r I I I h a s shown t h e o v e r a l l d e s i g n o f t h e mot ion and t i m e 

s t u d y t i m e r and i t s o p e r a t i n g p r i n c i p l e . The purpose o f t h i s c h a p t e r 

i s t o r e v i e w t h e d e s i g n f o r p o s s i b l e weaknesses and t o d e s c r i b e which 

o f t h e components o f t h e machine may have t o b e r e d e s i g n e d . I t i s 

a l s o t h e purpose o f t h i s c h a p t e r t o e v a l u a t e t h e d e v i c e i n terms o f 

what i s t h e maximum and minimum o p e r a t i o n a l charac ter i s t i c s so t h a t 

one may c a r r y on t h e development o f t h e d e v i c e i f t h e n e e d s f o r a 

p a r t i c u l a r s e r v i c e j u s t i f y f u r t h e r i n v e s t i g a t i o n . 

D i s c u s s i o n o f Components' 

P a p e r advance mechanism. —The p a p e r advance mechanism w i l l o p e r a t e p r o 

p e r l y w i t h o u t any m o d i f i c a t i o n i n d e s i g n . I t c o n s i s t s o f t h e p a p e r 

h o l d e r , two f l a t s p r i n g s ( t o a l i g n and keep t e n s i o n on t h e p a p e r r o l l ) , 

a p a p e r g u i d e ( t o f e e d t h e p a p e r ait t h e c o r r e c t h e i g h t so a s t o keep 

t h e p a p e r from r e s t i n g a g a i n s t t h e t y p e w h e e l s o r t h e p l a t t e n ) , a p a p e r 

p r e s s u r e r o l l ( t o f o r c e t h e p a p e r a g a i n s t t h e p a p e r p l a t t e n ; i t i s made 

a d j u s t a b l e so t h a t t h e p a p e r f e e d can b e k e p t s t r a i g h t i n t h e m a c h i n e ) , 

a p a p e r advance p l a t t e n ( t o p u l l t h e p a p e r t h r o u g h t h e m a c h i n e ) , a p a w l 

( t o engage t h e r a t c h e t on t h e p a p e r advance p l a t t e n ) , a s o l e n o i d ( t o 

advance t h e p a w l ) , a s p r i n g t o r e t u r n t h e s o l e n o i d t o o p e r a t i n g p o s i t i o n , 

a s p r i n g t o engage t h e p a w l i n t h e r a t c h e t and a s p r i n g t o engage t h e 

r a t c h e t ( t o keep t h e p l a t t e n from a l l o w i n g t h e p a p e r t o s l i p b a c k , s i n c e 
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t h e s l i p p i n g b a c k o f t h e p a p e r c o u l d c a u s e t h e machine t o d o u b l e p r i n t , 

an u n d e s i r a b l e r e s u l t ) . The e n t i r e p a p e r advance mechanism was b u i l t , 

and i t a p p e a r s s a t i s f a c t o r y a s shown i n t h e d r a w i n g s . There a r e no 

p a r t s which seem t o cause t r o u b l e . 

The s t r i k e r mechanism. —The s t r i k e r mechanism was b u i l t and o p e r a t e d ; 

however , i t was n o t as sembled i n t h e machine and t h e r e f o r e may d e v e l o p 

a d d i t i o n a l f a u l t s which a r e d i s c u s s e d l a t e r i n d e t a i l . 

I t c o n s i s t s o f a p l a t t e n ( t o r e c e i v e t h e i m p r e s s i o n from t h e 

t y p e f a c e and t r a n s f e r i t t o t h e p a p e r ) , a r o d ( t o t r a n s m i t t h e f o r c e 

o f t h e s o l e n o i d t o t h e p l a t t e n ) , a cam ( t o change t h e d i r e c t i o n o f 

f o r c e from t h e s o l e n o i d — w h i c h i s i n a h o r i z o n t a l p l a n e — t o a v e r t i c a l 

p l a n e ) , and a s o l e n o i d ( t o produce t h e f o r c e f o r t h e s t r i k e r mechanism) . 

T h i s complete u n i t w i t h t h e e x c e p t i o n o f t h e p l a t t e n has been b u i l t a t 

t h e t i m e o f w r i t i n g and i t works s a t i s f a c t o r i l y . There a r e two p a r t s 

wh ich may cause t r o u b l e i n o p e r a t i o n . One i s t h e p l a t t e n which may n o t 

b e d e s i g n e d wide enough t o c l e a r l y d i s t i n g u i s h t h e l a s t number; however , 

i t i s f e l t t h a t o n e - h a l f o f two numbers w i l l produce a r e a d a b l e v a l u e . 

The o t h e r i s t h e s i z e o f t h e s o l e n o i d , f o r i f t h e s o l e n o i d i s o f i n 

s u f f i c i e n t power c l e a r r e a d i n g s w i l l n o t b e o b t a i n e d . These two f a u l t s 

can b e overcome i f t h e y g i v e d i f f i c u l t y i n o p e r a t i o n and t h e r e f o r e , t h e 

d e s i g n p r i n c i p l e i s f e l t t o be s a t i s f a c t o r y a t t h e t i m e o f w r i t i n g . 

The e l ement t y p e mechanism.—The e l ement t y p e mechanism h a s b e e n b u i l t . 

However, some d e s i g n m o d i f i c a t i o n s ( a s d e s c r i b e d b e l o w ) a r e h i g h l y d e 

s i r a b l e . 

T h i s mechanism s e r v e s t h e purpose o f i d e n t i f y i n g t h e e l e m e n t s 

and i s composed o f a t y p e b a r (which i d e n t i f i e s t h e p a r t i c u l a r e l e m e n t ) , 
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a mounting b l o c k (which h o l d s t h e e l ement t y p e b a r and c a m s ) , cams ( t o 

t r a n s f e r a h o r i z o n t a l mot ion t o a v e r t i c a l m o t i o n ) , p u l l r o d s (which 

t r a n s m i t t h e f o r c e o f r e l a y s o l e n o i d s t o t h e c a m s ) , and t h e r e l a y 

s o l e n o i d s (which i n i t i a t e t h e f o r c e f o r t h e e l e m e n t t y p e b a r ) . T h i s 

u n i t has b e e n c o m p l e t e l y b u i l t and i t was found t o o p e r a t e , There a r e 

two m o d i f i c a t i o n s wh ich s h o u l d b e i n c o r p o r a t e d i n i t . One i s t h e change 

o f d e s i g n i n t h e p u l l r o d . The p u l l r o d s s h o u l d b e t h r e a d e d on t h e end 

t h a t c o n n e c t s w i t h t h e r e l a y s o l e n o i d . Two n u t s s h o u l d be p l a c e d on t h e 

t h r e a d e d end (one b e f o r e and one a f t e r t h e s o l e n o i d arm) . T h i s would 

f a c i l i t a t e e a s i e r a s s e m b l y and a d j u s t m e n t o f t h e d e v i c e . The o t h e r 

m o d i f i c a t i o n would b e t o change t h e d e s i g n o f t h e mounting b l o c k so 

t h a t t h e e l e m e n t t y p e b a r w i l l r e s t o n e - f o u r t h i n c h c l o s e r t o t h e c e n 

t e r o f t h e mach ine . ( T h i s p a r t works a s i t i s d e s i g n e d ; h o w e v e r , w i t h 

t h e s e changes t h e o p e r a t i o n would b e smoother , and t h e wear on t h e p a r t 

i n o p e r a t i o n would b e r e d u c e d , ) T h i s change would n o t a f f e c t any o t h e r 

p a r t i n t h e mach ine . Of t h e p a r t s b u i l t , t h e mounting b l o c k , a f t e r i t s 

c h a n g e , was found t o b e s a t i s f a c t o r y i n t h a t i t f u n c t i o n e d p r o p e r l y . 

The c i r c u i t , — I t s u p p l i e s power t o t h e d i f f e r e n t components o f t h e ma

c h i n e . T h i s c i r c u i t was n o t b u i l t and , t h e r e f o r e , no d e f i n i t e s t a t e 

ments a s t o i t s o p e r a t i o n a l c h a r a c t e r i s t i c s can b e made. I n v i e w o f 

t h i s , s e v e r a l p e o p l e were c o n s u l t e d i n o r d e r t o s ee i f any p a r t s o r t h e 

o v e r a l l p r i n c i p l e s were i n c o r r e c t and t h e concensus o f o p i n i o n was t h a t 

t h e c i r c u i t s h o u l d n o t g i v e any major d i f f i c u l t y i n o p e r a t i o n t h a t c o u l d 

n o t be c o r r e c t e d w i t h a minimum o f e f f o r t . Such a change might b e a 

s l i g h t l y h i g h e r i n c r e a s e i n v o l t a g e f o r t h e o p e r a t i o n o f t h e r e l a y s . 

The g e n e r a l c i r c u i t , however , s h o u l d g i v e no d i f f i c u l t y i n o p e r a t i o n . 
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The counter mechanism.—The counter mechanism has the greatest possi

bility for weaknesses in operation. It consists of a motor (to give a 

source of power), a series of gears (to transmit the power to the type 

wheels and to accomplish the reduction in speed), the type wheels (to 

furnish the time values for the machine) and the pinion (to index the 

succeeding type wheels proportional to the time reading desired). This 

unit was not assembled. It could have two possible difficulties. One 

is that the speed of operation—which is slightly higher than that rec

ommended—would cause excessive wear on the part. This could be over

come by the inclusion of a bushing in the type wheel that would stand 

up under the increased wear. The other difficulty is that the springs 

incorporated as an integral part of the type wheels are not of sufficient 

strength—thereby allowing the type wheels to index more than one numeral 

at a time. This is a fault that could not be corrected without consider

able difficulty, as it would require experimentation on spring strengths 

until the proper one is found. If this difficulty does occur, the only 

solution would be to redesign the machine for another counter unit or 

to reduce the gearing of the machine so that ti will read only to 0.001 

minutes. This, however, would reduce the effectiveness of the machine 

to the point where it no longer meets the criteria for a timer for motion 

and time study research. The machine would still have limited use in 

timing fairly long elements such as those in the neighborhood of 0.002 

minutes in duration and it would still be effective for multiple element 

timing. 

Conclusions 

In view of the foregoing discussion, it appears that the machine 
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i s d e f i n i t e l y a p r a c t i c a l d e s i g n , a l t h o u g h two o f t h e c r i t e r i a a r e 

n o t met* These a r e : 

(1) The machine does n o t r e a d i n d i r e c t t i m e s . 

(2) The machine—due t o t h e c o u n t e r mechanism—may 
n o t r e a d t o one t e n t h o u s a n d t h o f a m i n u t e . A t t h i s 
t i m e , t h i s c o n d i t i o n a p p e a r s t o b e m e t , b u t i t i s 
l i s t e d a s an o b j e c t i o n , f o r no t e s t was made and t h e r e 
f o r e no c o n c l u s i o n c o u l d b e d e f i n i t e l y drawn c o n c e r n i n g 
i t s s a t i s f a c t o r y o p e r a t i o n . 

The machine s h o u l d c o s t i n t h e ne ighborhood o f f o u r hundred d o l -

l a r s — o n e hundred f o r p a r t s and t h r e e hundred f o r l a b o r . T h i s i s an 

amount t h a t c o u l d be a f f o r d e d b y i n d i v i d u a l s o r i n s t i t u t i o n s * 

The c o s t o f o p e r a t i o n would b e r a t h e r l o w a s o n l y s i n g l e u s e 

carbon and p a p e r i s u s e d . 

The d e v i c e would have a permanent r e c o r d * T h i s i s a c c o m p l i s h e d 

t h r o u g h t h e e n t i r e d e s i g n o f t h e machine and no d i f f i c u l t y i n o b t a i n i n g ' 

a permanent r e c o r d i s c o n t e m p l a t e d . A s was d i s c u s s e d a l i t t l e , e a r l i e r , 

t h e p l a t t e n s i z e may have t o be i n c r e a s e d I n o r d e r t o o b t a i n a r e c o g 

n i z a b l e l a s t d i g i t . V-'V'*... 

The machine would b e c a p a b l e o f t i m i n g 10 s u c c e s s i v e e lements ' • 

(See Case I , C h a p t e r I I I , p a g e I j l ) or 9 n o n - s u c c e s s i v e e l e m e n t s ( S e e 

Case I I , C h a p t e r I I I , page 1*2)* A s t h e r e a r e components o f t h e machine 

t h a t a c c o m p l i s h t h e above p u r p o s e , i t a p p e a r s t h a t t h i s f u l f i l l s t h e 

c r i t e r i a o f m u l t i p l e e lement t i m i n g . 

In summary, t h e machine w i l l f u l f i l l t h e c r i t e r i a w i t h t h e p o s 

s i b l e e x c e p t i o n s ment ioned b e f o r e . I n a n y e v e n t t h e machine would b e 

c a p a b l e o f 0.001 a m i n u t e , and would b e p r a c t i c a l f o r l i m i t e d r e s e a r c h 

ty e 
T h i s i s an e s t i m a t e b a s e d on a p p r o x i m a t e l y 120 hours o f an e x 

p e r i e n c e d m a c h i n i s t ' s t i m e a t $2.5o/hour* 
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p u r p o s e s , o r i f i t o p e r a t e s a s d e s i g n e d , t h e machine w i l l meet t h e c r i t e r i a 

f o r a mot ion and t i m e s t u d y r e s e a r c h t i m e r w i t h a compromise o f n o t b e i n g 

a b l e t o r e a d i n d i r e c t t ime v a l u e s * 

Recommendations 

I t i s recommended t h a t : 

( 1 ) The machine b e b u i l t and c o m p l e t e l y a s s e m b l e d . T h i s 
w i l l a l l o w comple te t e s t i n g and f a c i l i t a t e f u r t h e r r e d e 
s i g n and development i f n e c e s s a r y . 

(2) The machine b e t e s t e d so t h a t i t s l i m i t a t i o n s can b e 
d i s c o v e r e d . Such a l i m i t a t i o n would b e t h e s p e e d w i t h 
which s u c c e s s i v e e l e m e n t s c o u l d be t i m e d w i t h o u t a l o s s i n 
a c c u r a c y . 

(3) T h a t t h e machine b e b u i l t b y an e x p e r i e n c e d m a c h i n i s t 
w i t h p r o p e r f a c i l i t i e s and m a c h i n e s . T h i s w i l l e l i m i n a t e 
some o f t h e i n a c c u r a c i e s i n t h e i n i t i a l b u i l d i n g o f t h e 
components and a l l o w t h e machine t o f u n c t i o n p r o p e r l y f o r 
a g r e a t e r p e r i o d o f t i m e . 
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PARTS LIST 

FRAME 

Part No* Drawing N01 Mater ia l Required Page No* Remarks 

A-3 

A-2 

A - l 

B - l 

B-2 

B-3 

B-li 

6 

5 k 
22 

23 

1/k Aluminum F l a t Stock 1 

l/k Aluminum F l a t Stock 1 

1/2 Aluminum F l a t Stock 1 

ELECTRICAL 

57 Front S ide , D r i l l as shown 

56 Back S ide , D r i l l as shown 

55 Botton, D r i l l as shown 

58 6V D . C . Relay, Guardian 
No* 200, SPMBB 

59 3/75 HP, 1800 RPM Synchro
nous, 110V 60 Cycle A.G* 
Bodine E l e c t r i c C o , , 
Sleeve Bearings 

Transformer, 12 V o l t , 
Thordarson, T-21Flk B . A . H . 

F u l l Wave Soleminium Rect i 
f i e r , 6RS2L1GHB1 General 
E l e c t r i c Go* 



PARTS LIST - Continued 

WIRING 

Part No* Drawing No, Material Required Page No* Remarks 
C-1 

C-2 

No. 18 Single Strand 
Cloth Covered Hook Up 
Wire 
No. Hi Double Strand 
Rubber Covered Stranded 
Cable 

Wiring Diagram for all 12 
Volt Circuits 

Wiring Diagram for all UO-
Volt Circuits 

ELEMENT MECHANISM 
D-l 

D-2 

D-il 

D-S 

111 

16 

20 

18 

19 

Aluminum .102" Sheet 
Stock 

Steel and Rubber 

Aluminum 

60 Mounting for Element 
Solenoid, Cut Drill and 
Bend as shown 

10 61 
10 62 

1 63 

3/8" Phone Jack 
6V D.C. Relay from Pinball 
Machine, Cut and Drill as 
shown 
Element Platten, Cut, Drill 
and Bend Brace, Vulcanize 
Rubber to Base 

61+ Element Type Bar Holder, Mill, 
Drill & Tap as shown 



PARTS L I S T - C o n t i n u e d 

ELEMENT MECHANISM 

P a r t N o . Drawing No. M a t e r i a l R e q u i r e d Page No . Remarks 

D-6 

1>-7 

I>-8 

D-9 

D-10 

D - l l 

D-12 

15 

19 

17 

17 

17 

21 

Aluminum 

1/8" D r i l l Rod 

18 Gage B r a s s S took 11 

11 Gage Carbon S t e e l 5 

11 Gage Carbon S t e e l 5 

.06" D iameter No . R 10 
Monel /Wire 

65 Element C o v e r P l a t e , Cut 
and D r i l l a s shown 

6U P i n Element Cams, C u t a s 
shown 

66 Element Cam S p a c e r , Cut and 
D r i l l a s shown 

66 Element Cams, C u t and D r i l l 
a s shown 

66 Element Cams, C u t and D r i l l 
a s shown 

67 Element P u l l R o d s , C u t and 
Bend as shown 

Element T y p e B a r , V i c t o r 
Adding Mach ine , o r any s u b 
s t i t u t e , Cut t o F i t 



PARTS LIST - Continued 

COUNTER MECHANISM 

Part No. Drawing No, Material Required Page No* Remarks 

E-l 

E-2 

E-3 

E-U 

E-5 

E-6 

E-7 

E-8 

11 
10 

10 

30 

Brass 

Brass 

Steel 

Steel 

Brass 

Carbon Steel 

Carbon Steel 

Aluminum 

68 2ILP 72 Teeth l/kn, Boston 
Gear, Tolerance , .0005" 

69 2I4P 36 Teeth V ^ " Pact, 
Boston Gear, Machine as 
shown, Tolerance .0005" 

69 21.P 18 Teeth l/hu Face, 
Boston Gear, Machine as 
shown , Tolerance .000f>" 

70 2I4P 20 Teeth l/h" Face, 
Boston Gear, Machine as 
shown, Tolerance .0005" 

70 2UP 18 Teeth l/h" Face, 
Boston Gear, Machine as 
shown, Toleranee .0005" 

71 Shaft for Gear, Machine as 
shown, Case Harden and Grind 
Tolerance .0005" 

71 Shaft for Gear, Machine as 
shown, Case Harden and Grind 
Tolerance .0005" 

72 Counter Shaft Holder, .001" 
Mill and Drill as shown 



PARTS LIST - Continued 

COUNTER MECHANISM 

Part No, Drawing No< Material Required Page No. Remarks 

E-9 

E-10 

E-ll 

E-12 

E-13 

8 

12 

12 

13 

W Brill Rod 

3/16" Drill Rod 

73 Counter Shaft, Cut as 
shown, Set with Center 
Punch 

73 Pinion Shaft, Cut as 
shown, Set with Center 
Punch 

71*- Type Wheal, 0-10 Numerals 
(one wheel has hub cut 
shown for press fit in .339 
hole for driver gear. Ori
ginal teeth on type wheel 
is removed*) 

7k Counter Pinion Gear Pro-
ductometer* 

Washers, Counter, Not 
shown Productometer 

F-l 

F-2 

26 

35 3/8", c022«, 61S-T6 

STRIKER MECHANISM 

1 75 

1 76 

Striker Solenoid, Guardian 
No* k A*C. 110 Volts 

Striker Rod, Cut and Tap as 
shown 



PARTS LIST - Continued 

STRIKER MECHANISM 

Part No> Drawing No. Material Required Page No. Remarks 

F-3 
F-U 

35 
36 

F-5 37 

F-6 37 

F=7 38 

F-8 

3/8" Drill Rod 1 

3/16" Steel Flat Stock 1 

1" Aluminum Square Stock 1 

3/8" Drill Rod 1 

18 Gage Sheet Steel and 
Rubber 

1/8" Drill Rod 

76 Machine as shown 

77 Striker Cam, Cut, Drill and 
Route as shown 

78 Striker Guide, Drill, Tap, 
and Mill as shown 

78 Striker Cam Pin, Cut as 
shown 

79 Striker Platten, Cut, Drill, 
Tap and Vulcanize Rubber 
as shown 
Pin Solenoid, .1+37" long, 
Set with Center Punch, 
Not shown 

G-l 

G-2 

25 

16 

PAPMl ADVANCE MECHANISM 

Spring Steel 18 Gage 2 80 

61 

Cut and Bend as shown 
( J. M. Tull, Carbon Steel 
Can Be Substituted) 

Micro-switch Ml tyV x 3/V' 
1 S.P.D.T. 



PARTS LIST - Continued 

STRIKER MECHANISM 

Part No* Drawing No, Material Required Page No* Remarks 

G-3 

G-U 

G-5 

G-6 

G-7 

G-8 

G-9 

G-10 

G-ll 

26 

27 

28 

29 

30 

31 

32 

32 

33 

3/8" Brass.Stock 1 

3/16" Drill Rod 2 

18 Gage Spring Steel 1 

3/8" Drill Rod 1 

1" Aluminum Rod 1 

Single Paper With Carbon 

75 

81 

82 

83 

72 

85 

85 

86 

Solenoid, Guardian, No. k 
A.C 110 Volts 

Smith and Corona Typewriter 
Paper Pressure Roll 9/16" 
O.D., 6-3/k" Long, Remove 
Two Rubber Rolls 

Smith and Corona Platten, 
1 - 3 A " x 10", Cut to Length 
and Reassemble Paper Advance 
Pawl 

Machine as shown 

Pin Paper Pressure Roll Turn 
as shown Case Harden and Grind 

Platten Ratchet Spring Cut 
Drill and Bend as shown 

Cut and Thread as shown 

Cut and Drill as shown 

5 - V 2 " x 3-3/2" Roll, Paper 



PARTS LIST - Continued 

PAPER ADVANCE MECHANISM 

Part No. Drawing No. Material Required Page No. Remarks 

G -12 

G -13 

G -LU 

0-15 

2h 3A , ! Aluminum Rod 

Spring Steel 

Spring Steel 

1/8" Drill Rod 

8? Paper, Guide Turn and 
Thread as shown 

Pawl Spring, 3/1." Diameter 
hole, 2 oz. pressure radial 
thrust not shown 

Solenoid Spring 3/8" Diameter 
tapered 1" long, 3 oz. com
pression spring, not shown 

Pin solenoid 5/8" long, Not 
shown, set with center punch 

H-l 

H-2 

H-3 

H-u 

H-5 

8-32 3 / U " LONG 

10-32 3/k" LONG 

6-32 3/k" LONG 

10-32 1/2" LONG 

1/8-U0NS 1/2" LONG 

SCREWS 

8 k k k 
26 



PARTS LIST - Contined 

NUTS 

Part No. Ifrawing No* Material Required Page No. Remarks 

1-1 l/k 28NF l/k Hex Head Nut 1 

1-2 3/8" 2ljNS l/k Hex Head Nut 3 
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