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UNITED STATES PATENT OFFICE 
FREDERICK E. DARLING, oF ROCHESTER, NEW YORK, ASSIGNOR, TO EASTMAN KODAK 

CoMPANY, OF RochESTER, NEW YORK, A CORPORATION OF NEW YORK 

METHOD FOR USE IN FACTORY MANAGEMENT 
Application filed December 22, 1928. Serial No. 327,918. 

The present invention relates to the use of 
photography to improve methods of manu 
facturing and to facilitate time study in coll 
nection with manufacturing operations. 
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been designed. . 

In the past when it was desired to im 
prove any manufacturing process it was cus 
tomary for a trained analyst to observe a 
workman performing the steps of the proc 
ess. The presence of such an analyst was dis 
tracting to the workman and since his pay 
was usually affected by the result of the 
analyst's study, he frequently did not coop 
erate by putting forth his best effort in per 
forming his work, while being observed. In 
accordance with the present invention it is 
proposed to utilize a photographic record 
taken at uniform speed, of the workman per 
forming the operation or series of operations 
under consideration. It has previously been 
proposed to utilize motion pictures for time 
study work but they have not gone into wide 
tise owing to the fact that proper methods 
of using them had not been developed and 
suitable apparatus for use there with, had not 

It has formerly been the practice in time 
study work to employ a stop watch for tin 
ing the various elements of the cycle of op 
erations, while the analyst observed a work 
main actually engaged in manufacturing and 
the result of these observations was then 
fabulated in a record book for reference. As 

further step in the present method it is 
proposed to take a motion picture record of 

is the process under consideration by means of 
a notion picture camera operating at a 
fixed speed, such as 1000 frames or pictures 
per minute and then count the number of 
frames or pictures necessary to depict the 
eleinent of the operation being studied. This 
jumber will then indicate the thousandths of 
a minute necessary to perform the operation. 

It has been proposed to use motion 
it filming the different elements 
of a process but it. iias feen necessa 
as can be determined, act, titly to i: 23i 
the assage of tine marked by a time meas 
uring device in the foreground of the scene 
including the workman to be studied or else 
to incorporate in the camera a timing device 

ope 

which was photographed to mark the time in 
terval that transpired during the photo 
graphing of the process. The photograph 
ing of the time measuring device in the fore 
ground of the process photographed, has 
practically made this method useful only in 
the laboratory since in the factory it is diffi 
cult to obtain the proper light and to focus 
the camera, both on the time measuring de 
vice and on the hands of the workman. 
The use of the time measuring device incor 
porated within the camera has not come into 
use since this arrangement is complicated due 
to the fact that it is necessary to em 
ploy clutch mechanism to connect the timing 
device with the shutter of the camera and 
there is a further objection that a portion of 
each frame or picture is obscured by the pho 
tograph thereon of the time measuring de 
WC, 

In addition to discovering the best proc 
ess of manufacturing and in addition to tim 
ing the various elements of the process under 
consideration, the present method is appli 
cable for setting a standard of effort in a 
wage incentive system. 
Other applications of this method will be 

readily understood from the following draw 
ings when taken with the description and ap 
pended claims. 
In the drawings Figs. 1 to 8 inclusive show 

one form of projector with associated 
tachometer and indicating equipment suit 
able for carrying out the method of this in 
vention. Of these figures, Fig. 1 is a dia 
grammatic showing of a projector with a 
mechanical tachometer and indicating equip 
ment: Fig. 2 is an enlarged side view of a 
projector and the associated tachometer and 
indicating equipment: Fig. 3 is a rear view 
while Fig. 4 is a showing of the other side 
view of this same equipment: Fig. 5 is a 
detail, showing a portion of the mechanical 

f the fill:-3iv ancing sprocket of the 
rig. 3 is a section of the loop of 

filin or other photographic record suitable 
for use in carrying out the present method in 
connection with equipment of the foregoing 
figures; Fig. 7 shows a form of dial for a 
drum-type tachometer; while Fig. 8 shows a ' 
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modified form of disc-shaped dial; and 
Fig. 9 is a chart used in connection with th 
steps of the present method. 
In carrying out the method of the present 

invention a motion picture camera operat 
ing at a fixed speed preferably 1000 frames 
or pictures per minute is used to obtain a 
photographic record showing the machine or 
workman repeating the cycle of operations 
of the process to be studied. The photo 
graphic record when thus obtained may be 
formed into a loop which is projected at any 
desired speed, usually slower than that at 
which the picture was taken, in order to de 
pict the record on a screen. In this way the 
time study analyst can select from the photo 
graphic record the portion thereof showing 
the process in a selected cycle of operations, 
each element of which is considered as per 
fect. The portion of the photographic 
record showing the perfect cycle of opera 
tions is then removed from the remainder 
of the photographic record and formed into 
a loop which may be projected by means of 
any suitable projector as a continuous repeti 
tion of the perfect cycle of operations. Hav 
ing thus obtained the correct process the time 
study analyst may time each element of the 
process by counting the number of pictures 
or frames necessary to depict the element of 
the process on the screen. Since it is as 
sumed that the photographic record was 
made at a speed of 1000 frames per minute, 
this number of frames or pictures gives the 
thousandths (.001) part of a minute necessary 
to perform the operation. It will be under 
stood that the photographic record may be 

40 

taken at other speeds than 1000 pictures per 
minute but in such case a different factor than 
.001 is necessary in obtaining the proper in 
terval of time that has transpired. While 
the analyst may actually count the number 
of pictures necessary to depict any element 
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of the process, equipment in the form of a 
mechanical counter is provided for this pur 
pose in connection with the projector used. 

After obtaining the perfect process by 
means of the photographic record made in 

, the form of a loop, this loop may be em 
ployed in accordance with the present method 
in obtaining a proper standard of effort in a 
wage incentive system. 
While wage incentive systems employ dif 

ferent methods of classifying productive 
effort or working “speed' of the operator 
studied, all methods of classification or rat 
ing may be reduced to expressions which 
state the working “speed' as a percentage 
above or below a standard speed which has 
been orbitrarily adopted. In one wage in 
centive system which is known as the Bedaux 
system the workmen are rated in “B's' per 
hour in which “B” is the unit of productive 
effort or work that can be performed by an 
average workman per unit of time after cer 
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tain corrective time factors, as unavoidable 
delay and a rest period, have been added. 
Since the unit of time in this system is usu 
ally one minute, an average workman pro 
duces 60 B's or units of work per hour and 
he is rated as a 60 B hour workman. Even 
those systems which classify the working 
speed as poor, fair, good or excellent, must 
have established numerical ratios such that 
the relation of these different classifications 
one to the other may be expressed. It there 
fore becomes necessary for the trained time 
study man or analyst to recognize the various 
classes of speed so that a standard time may 
be determined by adding the proper per 
centage to the time required by the work 
men being studied. It will thus be seen 
that the classification required of the time 
study analyst is made by judgment and it is 
frequently found that a time study analyst, 
even though his judgment of certain speeds 
may be good, has a tendency to underesti 
mate or overestimate certain other speeds. 
As an aid to the analyst's judgment in recog 
nizing certain speeds the present method of 
using motion pictures has been devised. A 
photographic record having a perfectly ex 
ecuted cycle of operations is formed into a 
loop and when placed in a projector may be 
projected as a continuous repetition of the 
cycle of operations. The time study analyst 
applies his judgment to the reading of the 
speed of the operator projected on the screen. 
This he does at several different projection 
speeds such as 600, 800, 900, etc., frames per 
minute and plots the points a, b, c, etc., on a 
chart (Fig. 9) using the projection speed, 
that is frames per minute and the ARE 
judgment of the speed of the operator either 
in B's per hour or their equivalent percent 
age above or below standard (both shown at 
the left of this chart) as co-ordinates. A 
straight line L drawn through the origin and 
as nearly as possible through the average 
positions of the plotted points, averages out 
the inconsistencies of judgment and gives 
the time study analyst's true judgment of 
any speed. Since the original picture was 
taken at a speed of 1000 frames per minute, 
the operator's speed line Y, passing through 
the intersection of the leveling factor line L. 
with the film speed line X, indicates how 
much the workman was above or below stand 
ard speed. In the example just referred to 
in Fig. 9 the operator's speed was ten per 
cent above the standard so that it is neces 
sary to add ten percent to the time indicated 
by the number of frames or pictures in the 
loop in order to arrive at the standard time of the operation pictured. For operator's 
speeds under the standard, that is 100%, a 
similar computation is made but in this in 
stance it is necessary to subtract the per 
centage below standard from the time indi 
cated by the number of frames. 
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Having thus obtained the chart (Fig.9) 
showing the correct rating line L as deter 
mined by an experienced observer or analyst, 
it is possible to show a student or novice any 
degree of workman's speed through the use 

... of the chart by first finding the correct 
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projection speed that must be employed to 
represent the desired degree of speed of 
the workman represented. For example it is 
ossible to show a 100% speed (60 B's in the 
edaux system) by noting the intersection 

of the 100% line with the rating line L which 
indicates that the correct projection speed in 
this case is 900 frames per minute. This 
method is also very useful in case of a dis 
pute as to the correctness of a given stand 
ard, for the speed at which an operator must 
work in order to meet the standard required 
of him may be duplicated on the screen for 
observation and may be compared with pho 
tographic records representing similar lines 
of production. - 
While it will be understood that the pres 

ent method can be put into practice by the 
use of any well-known projector provided 
with a frame or picture counter and any suit 
able deflection constant tachometer provided 
with two scales one graduated in frames or 
pictures per minute and the other scale indi 
cating the speed classification of the operator 
projected on the screen, a convenient type of 
this equipment is shown in Figs. 1 to 8 in 
which the tachometer may be either of the 
magnetic type or of the viscous drag type. 
This method may also be put into practice by 
means of the projector and electrical tachon 
eter equipment disclosed in the co-pending 
application of Lawrence T. Littlefield, Serial 
No. 327,917, filed December 22, 1928. 
By reference to Figs. 1 to 9 a more com 

plete understanding of the apparatus for 
performing the method of this invention, will 
be had especially as to the manner in which 
it is used in connection with the above de 
scribed method. The diagrammatic show 
ing of Fig. 1 includes a projector generally 
designated 1 arranged to project a motion 
picture recorded in the form of a continui 
ous loop of film 2 passing through the pro 
jector and over a pulley 3 mounted on an ad 
justable support or stand 4 so that the film 
can be continuously projected. There is me 
chanically mounted on the projectoratachom 
eter 5 either of the viscous drag type or of 
the magnetic type which is arranged to be 
driven from the shaft that actuates the shut 
ter of the projector so that the reading on the 
tachometer 5 indicates the number of frames 
or pictures per minute passing through the 
projector. The projector 1 includes a base 
with a vertical ANE 7 mounted thereon to 
carry a tubular lens or objective mounting 8 
and suitable focusing means therefor. On 
the base 6 there is also mounted a motor 9 
having a shaft 10 which in turn carries a 

the objective. 

pulley 11. A belt 12 passing over this pui 
ley drives a second pulley 13 mounted in com 
mon on a shaft with a gear 14 shown in dotted 
lines in Fig. 2. The gear 14 through a train 
of gears 15, 16, 17, 18 and 19 drives sprocket 
20. This sprocket pulls the loop of film 2 
behind the idlers 21 around the guide sur 
face 22 so that the frames 23 of the film may 
be successively positioned before the fram 
ing gate 24 to project the pictures through 

It will be noted in Fig. 2 that 
the gear 15 has an arm 25 pivoted thereto 
while the gear 14 has pivoted thereto a link 
26 which in turn is pivoted to the arm 25. It 
is unnecessary to describe the action of this 
arm and link since they are well-known in 
commercial devices but it is sufficient to state 
that the free end of the arm 25 engages a 
pair of openings such as 32 in the film to 
pull it one frame at a time into projecting 
position. It will be noted that the shaft 
earing the sprocket 20 has a crank 26 by 
which the film may be moved at will by the 
operator. From the showing in Figs. 3 and 
4 it will be seen that the shaft 27 on which 
the gear 16 is mounted, transmits its motion 
through a pair of miter gears 28 to a verti 
cal shaft 29 which drives the mechanical 
tachometer 5. 
This tachometer may be of any one of sev 

eral well-known types such as the viscous 
drag type or of the magnetic type and is pro 
vided with a dial 40 which may be either of 
the drum type as shown in Fig. 7 or of the 
disc type as shown in Fig. 8. The lower 
margin of the dial 40 of Fig. 7 is graduated 
in frames per minute reading from 500 to 
2000, while the periphery of the dial of Fig. 
8 has a portion thereof similarly graduated 
in frames per minute reading from 500 to 
2000. For convenience in reading the scale 
of Fig. 7 the projection speed of 1000 frames 
per minute, which is the preferable speed to 
operate the projector, is indicated by a ver 
tical line 42. The dial of Fig. 7 is provided 
with a series of curved lines one of which is 
designated 41. It will be noted that each of 
these lines has a special designation such as: 
40, 50, 60 . . . 115, 120, reading in B's per 
hour, that is, units of work. 
such as 41 are shown in Fig. 8 but in this in 
stance the lines are shown in the form of spi 
rals. The dial 40 either in the form shown in 
Fig. 7 or that shown in Fig. 8 is mounted to 
operate behind a window in a cover glass hav 
ing graduations such as 43 etched thereon. 
The numerals adjacent these graduations are 
also in B's per hour but these graduations 
and line 41 may be in any other units of work 
per unit of time. It should be pointed out 
that the dial of Fig. 8 is not drawn to scale 
with respect to the graduations 43 on the 
cover glass, but these graduations may be 
spaced to coincide with the space between 
the spiral lines such as 1 at the point on the 
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dial opposite the 1000 graduation in the 
frames per minute scale. 
The dial in order to indicate projection 

speeds and the speed classification or rating 
of the operator on the screen, which rating 
may be in percentages of the standard or may 
be in B's per hour if the classification of the 
Bedaux system is used, has a variable deflec 
tion scale. The need for such a variable scale 
will be seen from the following illustration: 
Assume the Bedaux system is used. A pic: 
ture is taken at the rate of 1000 frames per 
minute of an operator whose speed is rated 
at 60 B's per hour. Increase in projection 
speed to 1250 frames per minute gives an ap 
parent increase of activity on the screen of 
25%. Hence, the apparent “speed' of the 
operator is raised to 75 B's per hour. To in 
dicate this change the deflection reading must 
be 15 B's per hour divided by 250 frames 
per minute, or .06 B's per hour per frame 
per minute. However, the same increase in 
projection speed (1000 to 1250 frames per 
minute) when applied to a picture of an op 
erator exhibiting 80 B's per hour will increase 
the apparent “speed' from 80 to 100 B's 
er hour. The deflection reading must, there 
ore, be 20 B's per hour divided by 250 
frames per minute, or .08 B's per hour per 
frame per minute. Such a tachometer elimi 
nates the need for a chart for determining 
the “speed' of an operator for a given pro 

O 

s 

3) 

jection speed. 
It will thus be seen that the dial is in ef 

fect a calculating device which calculates the 
result of dividing the speed of the worker 
as originally photographed by 1000 and mul 
tiplying the quotient by the frames per min 

35 

ute to give the result as the apparent speed 
40 of the worker as seen on the screen, that is, 

the dial calculates the following formula: 

Where S-speed of worker when photo 
graphed 

s= apparent speed of the worker on the 
screen 

F = film speed or frames per minute when 
the picture was taken 

far film speed or frames per minute as 
projected. 

45 

50 

In using this apparatus to indicate any 
is desired speed classification such as 60 B's 

per hour of a workman who was working at 
the rate of 60 B's per hour when photo 
graphed, the speed of the projector is varied 
until the 60 B line designated 41 coincides 
with the 60 B mark on graduations 43 on the 
cover glass. This indicates that the picture 
represents a workman working at the speed 
of 60 B's per hour. If it is now desired to rep 
resent the same workman operating at the 
rate of 80 B's per hour, the speed of projec 
tion is increased until the “80 B' graduation 
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line on the dial 40 coincides with the grad 
uation mark “60 B' on the graduations 43 
of the cover glass. 

In order to simplify the step of counting 
the number of frames projected for the pur 
pose of timing any element or elements of the 
cycle of operations studied a mechanical 
counter 50 is provided which may be of the 
type known in the art as a "Weeder counter.' 
This counteris driven through a pair of gears 
51 which are actuated at the same speed as 
the shutter so that it counts each picture pro 
jected. 
For convenience in varying the speeds in 

the motor 9 a rheostat 31 is carried by the 
frame of the tachometer 5. The adjustable 
member 33 of this rheostat permits adjust 
ment of the motor speed and therefore the 
speed of projection so that if it is desired 
to project 1000 frames or pictures per min 
ute this member is moved until the dial of 
the tachometer indicates 1000 frames per 
minute. Other settings of the rheostat will 
effect other projection speeds and correspond 
ing readings of projection speeds in the 
tachometer. 

I claim as my invention: 
1. The method of timing an element of a 

cycle of movements which comprises taking 
a series of photographs representing a true 
motion picture of said element taken at a uniform predetermined speed, counting the 
number of pictures necessary to portray the 
element of the cycle timed, and calculating 
the elapsed time from the number of pic 
tures counted in conjunction with the uni 
form predetermined speed at which said se 
ries of photographs were taken. 

2. The method of timing an element of a 
cycle of movements which comprises obtain 
ing a series of photographs representing a 
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true motion picture of said element taken at 
a uniform predetermined speed, projecting 
said pictures at said File:S speed to 
present a motion picture, counting the num 
ict of pictures that are projected to repre 
sent the element of the cycle timed, and mull 
tiplying the number of these pictures thus 
counted by the time interval that elapsed for 
the exposure and movement of the photo 
graphs when they were taken. 

3. The method of timing an element or 
process which comprises photographing the 
process at a fixed predetermined speed to 
obtain a true motion picture record there 
of, projecting said motion picture record, 
counting the number of pictures necessary 
to portray said element, and calculating the 
time interval from the number of pictures 
cCl3 ited. 

4. The method of obtaining the classifi 
cation for the effective effort or working 
speed of an operator which comprises ob 
taining a motion picture record at n uni 
form speed of an operator performing the 
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cycle of operations under consideration, pro 
jecting the photographic record at a known 
projection speed and estimating the speed 
of the operator performing the cycle of oper 

5 ations at the known projection speed as com 
pared to the speed of a standard operator. 

5. The method of obtaining the classifi 
cation for the effective effort or working 
speed of an operator which comprises ob- w 

10 taining a motion picture record at a uniform 
speed of an operator performing the cycle 
of operations under consideration, projecting 
the photographic record at various known 
speeds and estimating the speed of the oper 

is ator performing the cycle of operations at 
each projection speed as compared to the 
speed of a standard operator. 

6. The method of obtaining the classi 
fication for the effective effort or working 

20 speed of an operator which comprises ob 
taining a motion picture record at a uni 
form speed of an operator performing the 
cycle of operations under consideration, 
projecting the photographic record at vari 
ous known speeds, estimating the speed of 
the operator performing the cycle of opera 
tions at each projection speed as compared 
to the speed of a standard operator, and 
averaging the estimates of the speed of the 

80 operator at the various projection speeds. 
Signed at Rochester, New York, this 18th 

day of December, 1928. 
FREDERICKE. DARLING. 
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