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INTRODUCTION

In order to see samething, there must be light. Two lighting con-
siderations are -- quality and quantity. Quantity of illumination on a
visual task is important. Generally the more difficult the visual task,
the greater is the quantity of illumination required, for ease of seeing.

Visual tasks in a work a day world are those requiring a sustained
seeing effort. While quantity of illumination makes a visual task easy to

perform, it is the quality of illumination that keeps it easy to perform.

Quantity of Light

Quantity of light is the luminous flux which falls on a surface as
illuninance (illumination). The illuminance may be reflected fram a
surface or tranamitted through a surface. Brightness of luminance is what
people see in terms of physical characteristics. The effectiveness of
the lighting system depends on the flux of the source, lumens (quantity).
The most widely used units of illumination are footcandles (English), fe,
and lux (metric, 1 fc = 10.76 lux). A footcandle is numerically equal to
an incident flux density of one lumen/square foot. One lux is the illumi-
nation produced by one lumen uniformly distributed over one square meter.
Lumen, is the quantity of light which will strike a surface of one square
foot, one foot distant fram a light source of one candle pawer.

There are many kinds of sources which provide luminous flux. The
common sources are incandescent lamps, fluorescent lamps, mercury lamps,
metal halide lamps, high pressure sodium lamps and low pressure sodium
lamps. These sources have different efficacies (amount of light produced

per unit of energy). Incandescent lamps deliver approximately 11-20



lumens per watt, mercury lamps deliver 30-50 lumens per watt, fluorescent
lamps deliver 50-85 lumens per watt and high pressure sodium deliver 85-
140 lumens per watt.

In industrial lighting design it is very important to cut down the
overhead costs and labor costs, so lamps with long lives are used fre-
quently for continuous light sources. Ultimately the frequency of
changing the lamps is low and hence the cost of operation of that
particular lamp is low.

Different industrial tasks require different levels of illumination
to work satisfactorily. For example, aircraft manufacturing may require
100 to 200 footcandles for production and inspection tasks respectively.
Autamobile manufacturing requires an illumination level of 50 footcandles
for frame assembly, 100 footcandles for chasis assembly and 200 foot~
candles for final assembly and inspection. Ordinary industrial inspection
may require only 50 footcandles but very difficult and most difficult
tasks may require 500 to 1000 footcandles. In material handling 50 foot-
candles are recommended for wrapping, packing, labeling and 30 footcandles

for picking, etc.

Quality of Light

Quality of a light source is the aspect of light which helps keep a
visual task easy to perform. Quality of a light source means glare
characteristics, position of source and its color. Since the eye can not
render clear vision when an unpleasant bright light source is within the
field of view, disability glare is one of the main factors of poor

lighting. Glare reduces the sensitivity of vision. It may also be dis-



tracting and annoying to the extent of causing extreme discomfort and even
pain.

Position of a light source is very important in order to predict any
glare problems. Position of a light source determines how the light will
fall on the task and how well one will see and how comfortable a person
will feel while working. The position should be such that the angle of
incidence of a light source does not create any problem after reflection.
Reflection is a property of light by which, when it falls on an opagque
surface it is stricken in different directions. The source should be
mounted such that it does not came directly into the line of vision of the
worker,

Color is also an important consideration for same particular type of
tasks. There are many tasks which only require a level of illumination
appropriate for that task and color is not important. For tasks where
color rendering is important, however, color of the light source plays an
important role. Color might present the biggest design problem in
lighting store areas where it is a determining factor as to how
merchandise would appear. It must be important to check the colors of
these products before they even reach the stores. 3o color rendering at
the production line could be as important as it is in the store.
Fluorescent lamps and incandescent lamps are frequently used where color

rendering is important.

Purpose of Study

In order to understand in more detail about the illumination in an

industrial situation a plant survey was planned. The propose was to study



a production facility, regarding all the visual tasks performed within the
facility. The study would deal with the description of general lighting
systems, supplementary lighting systems, illumination measurements,
workers attitudes and the scope of improvement in certain areas. The
success of the survey also would depend on the response of the plant
officials where the survey would take place.

Because of availability a plant tour was conducted at McCall Pattern
Company, Manhattan, KS. The company officials were asked beforehand to
permit the writer to conduct the survey. They were informed about the
idea behind the survey. The first visit to the plant consisted of going
through all of the production related areas and seeing all the operations
done. When this tour was being conducted same areas were indicated to
have problems in performing the visual tasks. The plant officials said
that these areas needed immediate attention for improvement in illumina-
tion. The primary problem seemed to be an inadequate level of illumina-
tion. Hence this survey dealt primarily with the level of illumination on
specific visual tasks. It was understood that the plant officials would
accept a proposal for improvement which would prove feasible. The main
criterion of feasibility was the cost of improvement. The cost must
Jjustify the feturn it would generate in the years to come. It must be
noted that plant officials were thinking of changing over from flourescent
to high pressure sodium in certain areas. They were still in the process
of decision making as théy were not sure whether the change would bring a

better illumination at a lower cost.



PROBLEM

When the factory tour at McCalls was done, certain areas were pointed
out as the problem areas. It was decided by the writer to study these

areas in detail and possible alternatives would be suggested.

Procedure

The problem areas in McCalls were noted and marked on the plant
layout sheet (Fig. 2). The project engineer at McCalls was also
consulted. He agreed to provide help and guidance while the actual survey
would be carried out. Also he agreed to accompany the researcher when
questions would be asked from the workers., The areas studied are given in

detail. They are:

(1) Hand folding

The workers in this area folded and packed the patterns in envelopes
by hand. The workers were paid by the number of pieces they folded in a
day. The visual task involved in this operation was reading the correct
pattern number from the envelope to make sure that patterns were packed in
correct envelopes, Illumination readings were taken in the horizontal
plane in this workstation on different tables to see how the light was

distributed.

(2) Branch Service

This area had basically the entire factory's inventory. The patterns
in this area were ready for shipping, Illumination readings were taken in
different aisles to have an idea of the lighting situation. The readings

were taken in the vertical plane. Readings were taken in the aisles on



the opposite racks (facing each other). Thus the readings were paired for

each spot in the aisle. Distance between the two racks and heights of
racks was noted. The total number of fixtures was noted. The number of

lamps working out of the total was noted.

(3) Guide Press

In this area the instructions to make a dress were being printed on
the paper which would accompany the pattern. The complete machine
consisted of a printer, dryer, cutter, folder and a stacker. The paper
was fed from a roller through a printer section. Once printed the paper
was dried in the dryer and then sent through the cutter. The cutter
separated the two identical prints. They were then folded and sent to the
stacker. There were three substations in this area, namely:

(1) working desk

(2) trimmer

(3) stacker

Most of the paper work was done on the working desk. The work was
reading some instructions, notices, ete. The light readings were taken in
the vertical as well as in the horizontal plane.

The trimmer was used to trim to size, a particular plate used in
printing.

Level of illumination on the trimmer was noted and the technicians
were interviewed.

The stacker stacked the folder instruction sheets. When the instruc-
tion sheet pile became high the workers would put them into the proper

box. Illumination level was recorded for this area.



The printing unit was kept under constant check for any defective

printing and supplementary lighting was provided for this section. The
illumination level of the supplementary lighting was noted. The type of

lamp was noted also.

_ (#) Fill in/book marking

Inventory books were marked in this area. The inventory discard
books were received from the dealer which showed the inventory level. The
book would come to the plant about four times a year, so temporary
employees were called in. This book required concentration to avoid
mistakes, The area dimensions as well as the number of workers on each
table were noted. Two illumination readings were taken on each table in
the horizonal plane, The number and type of lamps in this area were

noted.

(5) Discard

In this area visual task of reading printed material was
performed. This was basically a clerical job and the worker would read a
variety of printed matter with bad to good contrast. The computer output
of the inventory was the hardest print to read as it had very small
letter size. Illumination readings were taken in the vertical as well as

in the horizontal plane,

(6) Iissue cutter
The patterns to be cut were piled up near the cutter in stacks (1200
patterns/stack). One stack, 2"-3", thick would be cut at one time,

The dimensions of this work station and the height of the work plane were



noted. A supplementary light source was provided. The type of
supplementary lighting was recorded. Light readings were taken on the

working plane at important points in the horizontal plane.



METHOD

In the survey a Simpson light meter was used to record illumination
levels. An average illumination for every area surveyed was found. The
area dimensions were recorded and also the number of fixtures. It was
also noted as to how many lamps were working out of the total. Work plane
height was noted wherever applicable.

In order to do a good light survey it is essential to have all the
relevant information about illumination. The information once collected
would be such that it would give a very clear idea of what is going on in
some specific facility regarding visual tasks. A survey form "Information
Sheet for Task/Work Place Lighting" was developed (Fig. 1).

This form had sixteen items for the collection of desired informa-
tion. After these items were answered the form would provide comprehen-
sive details of a particular visual task.

The order in which the sixteen items were presented is as follows:

The task name

The task description

Workers age

Accuracy (of task)

Speed (production)

Reflectance of task background

Contrast judged

Angle of light



"INFORMATION SHEET FOR TASK/WORKPLACE LIGHTING"

Figure 1 Survey Form

10



TASK NAME

TASK DESCRIPTION

11



ILLUMINANCE DATA

Worker's age under 40

Speed not important
Accuracy not important
Reflectance of the greater than 70%

task background

PRESENT SITUATION ILLUMINATION

(a) Contrast (Judged)
1. Poor
2. Good
3. Very good
4, Excellent

40-55

important

important

30-70%

DETAIL

12

over 55

critical

critical

less than 30%



(b) Angle of light (estimated angle fram horizontal plane and its

illuminance at that angle.

(e) Quantity of light

(d) Type of lamp

(e) Luminaire type

13
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PERSONAL INTERVIEW

(a) Worker's job

(b)

(c)

(d)

(e)

How long on this job?

The worker's feelings, whether the worker likes the job or not?

Does the worker feel satisfied about lighting?

Is there any other aspect of light that the worker likes to comment?
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Quantity of light

Type of lamp

Luminaire type

Worker's job

How long on this job?

Workers feelings whether the worker likes the job or not?
Does the worker feel satisfied about the lighting?

Is there any other aspect of light that the worker likes to

comment on?

To do a lighting survey, The Illuminating Engineering Society (IES)
has developed a standard practice. The IES approach towards a lighting
survey is highly detailed and takes into account all the aspects of the
area being surveyed. The IES survey form (Appendix A) takes into account
of the factors like dimensions of the areas, description of general
lighting, supplementary lighting, instruments used, brightness measure-
ment, illumination measurements in fc (average value on horizontal plane),
spacing and kinds of luminaires, maintenance schedule, daylight usage and
sketch of the area. Compared to IES form, the form developed by the
author was less detailed but comprehensive. The information in this form
combined with the summary of results can give a complete and comprehensive
understanding of lighting in the observed area. Any decision made about
the lighting in the surveyed area based on the form would be appropriate.
Of course this form is not as detailed as the IES approach but it is not
necessary to have such an approach for all lighting surveys. 3urveys are

done according to the needs and demands of the situation consistent with
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the observer's goals. The objective of this survey was fulfilled with the
use of the form (Fig. 1) discussed earlier.

After the development of the authors survey form it was decided to do
some prototype lighting exercises in the Production Process Lab situated
at Kansas State University. The exercises would give practice, Three
operations were chosen for these exercises. They were:

(1) To test hardness of a metalic piece on a Rockwell hardness

testing machine,

(2) To see surface defects on a steel bar under a binocular scope.

(3) To perform face milling on a part (vise base).

The visual task performed in the first operation was to take readings
from the callibrated dial of the hardness testing machine. The visual task
in the second operation was to inspect a metalic bar for surface defects.
In this case colored light was also used besides regular light to enhance
the surface detail. In the third operation the visual task was to watch
milling operations performed on the vise jaw and bring the piece to
required measurements

For the first operation on the Rockwell hardness testing machine, the
workers were less than 40 years of age. Speed was not important but
accuracy was critical. Reflectance of the task background was between 30
and 70%. Contrast was judged to be good. Quantity of light was 80 fc in
the horizontal plane and 60 fc in the vertical plane., The lamps were
fluorescent cool white and there were bare industrial type fixtures. The
workers liked the job and were satisfied about the light. It was found

that the illumination level was consistant with the standard one (Table 1)
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for such type of visual task. The workers did not comment on any other
aspect of the lighting.

For the second operation done with a binocular scope all the charac-
teristics were the same except for the level of illumination. With the
ordinary lamps the level was 90 fc in the horizontal plane and 75 fc in
the vertical plane. Due to the provision of a localized light the level
was increased to 120 fe. The workers felt satisfaction over this amount
of light.

For the third operation of milling, speed was important. Accuracy
was critical. Reflection of task background was thirty percent. Contrast
(judged) was poor for the workpiece but good for the control knobs. The
level of illumination was 60 fc in the horizontal and 40 fc in the verti-
cal plane. The workers were satisfid with the provided level of illumina-
tion. The levels of illumination for the above three operaticns were
found to be well within the recommended levels (Table 1). the other items
had the same answers as in the previous exercises.

All of these operations were common industrial tasks. There are
certain levels of illumination recommended for each of these operations,
There were 60 fc in the vertical plane for the first operation, which
required the reading of a calibrated dial. This level was consistant with
the recommended level (Table 1). For the second operation, where a
metalic piece was to be inspected under a binocular scope, a supplementary
lighting was provided to make the visual task easy. The 120 fc provided
was consistent with the recommended level of illumination for such an
inspection job. Also there was colored light which enhanced any surface

defect so that it could be detected easily. The workers were satisfied
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with this arrangement. In the face milling operation it was expected that
there would be a glare problem from the light coming in through the window
but the worker did not feel any discomfort glare when facing that side,
The footcandles recorded for this operation were not consistent with the
recommended level. The workers still felt comfortable with the 60 fec

whereas they should be having almost 100 fc¢ for such operations.
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RESULTS

The lamps for general illumination throughout the plant were F %
T12/CW (slim line, 60 watt) energy conserving lamps. The length of the
lamps was 96". The luminaires for these lamps were open type industrial
fixtures, The lamps were replaced on burn out basis. The envirorment was
semi-clean. The distance between the rows of fixtures was constant, (22.7
feet).,

The illumination readings throughout the survey were taken with a Sampson
light meter, in footcandles. Readings were taken in the vertical as well
as in the horizontal plane. All the readings and observations were
recorded in the survey form titled "Information Sheet for Task/Work Place
Lighting". For each one area studied one form was utilized. The forms

are attached area by area.



"INFORMATION SHEET FOR TASK/WORKPLACE LIGHTING"
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TASK NAME

Hand folding

TASK DESCRIPTION

The Qorkers had to pack the patterns in envelopes by hand. The
patterns and the envelopes were side by side. The worker had to pick one
pattern and an envelope, fold the pattern, put it in the envelope and
stack it. They had to make sure that the right pattern was going into the
right envelope.

The dimensions of this area were 70' x 50'. The work table height
was 3" above the ground., The workers were standing while performing the

task.



TLLUMINANCE DATA

Worker's age under 40

Speed not important
Accuracy not important
Reflectance of the greater than 70%

task background

PRESENT SITUATION ILLUMINATION

(a) Contrast (Judged)
1. Poor
2. Good

3. Very good

4

. Excellent

40-55

important

important

30-70%

DETAIL

23

over 55

critical

critical

less than 30%
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{(b) Angle of light (estimated angle fram horizontal plane and its

illuminance at that angle,

Not measured as the light was caming fram all directions. No

supplementary light was provided.

(c¢) Quantity of light (range/average)

It ranged from 28 fc to 35 fec. The average illumination was 33 fe in

the horizontal plane.

(d) Type of lamp

F96T12/CW (slim line energy conserving 60 watts power and 96" long)
FO6T12/WW

(e) Luminaire type

Open type industrial luminaires
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PERSONAL INTERVIEW

(a) Worker's job

To hand fold the pattern and put it in the right envelope. Then
stack it. The workers did it as fast as they could because they were paid

by the pieces they prepared.

(b) How long on this job?

Approximately four years.

(c) Worker's feelings, whether the worker likes the job or not?

She liked it.

(d) Does the worker feel satisfied about lighting?
She never felt any difficulty in reading the number fram the pattern

and envelope.

(e) Is there any other aspect of light that the workers likes to comment?

Not to her knowledge.



"INFORMATION SHEET FOR TASK/WORKPLACE LIGHTING"
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TASK NAME

Branch Service

TASK DESCRIPTION

This area held the finished product ready to be shipped. When the
worker had a shipment order he/she would come to this area, reach the
proper aisle and locate the right pattern number. Then pick the number of
patterns needed and bring them over to shipping and handling, The workers
had to make sure the correct pattern number was picked.

The dimensions of this area were 175' x 125' and there were 13
aisles. There were 10 rows of lights; each row had 20 fixtures and each

fixture had 2 lamps so there were 400 lamps.



ILLUMINANCE DATA

Worker's age under 40

Speed not important
Accuracy not important
Reflectance of the greater than 70%

task background

PRESENT SITUATION ILLUMINATION

(a) Contrast (Judged)
1. Poor
2. Good
3. Very good

4. Excellent

40-55

important

important

30-70%

DETAIL

28

over 55

critical

critiecal

less than 30%
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(b) Angle of light (estimated angle from horizontal plane and its

illuninance at that angle).

Due to the arrangement of lights and aisles it was not possible to

measure the angle,

(e) Quantity of light

It ranged from 3.5 fc to 19 fc. The average value of illumination

for this area was 10.75 fc in the vertical plane

(d) Type of lamp

FO6T12/CW (slim line energy conserving 60 watts power and 96" long)
F96T12/WW

(e) Luminaire type

Open type industrial luminaires
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PERSONAL INTERVIEW

(a) Worker's job

To reach to correct aisle and pick the desired number of correct
patterns. Then the patterns were identified by the number and size

imprinted on the envelope.

(b) How long on this job?

It ranged mostly fram 3 to 5 years.

(c) Worker's feelings, whether the worker likes the job or not?

The workers thought is was not really highly praised.

(d) Does the worker feel satisfied about lighting?
No, they were unsatisfied and thought that greater quantity of light

with better arrangement was needed.

(e) Is there any other aspect of light that he likes to comment?

Not to their knowledge.



"INFORMATION SHEET FOR TASK/WORKPLACE LIGHTING"
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TASK NAME

Guide Press

TASK DESCRIPTION

The instructions to make a dress were printed which accompanied the
pattern. The complete machine consisted of a printer dryer, cutter, folder
and stacker. The worker had to keep an eye on the quality of the print
coming out of the printer and make sure other functions of the press were
going right. There were some reading tasks involved on the working desk.
Also there was a trimmer machine used occasionally. The trimmer was used
to trim down a particular plate used in printing. So a worker here was
doing a number of tasks.

The area dimensions were 60' x 20'. There were 24 fixtures in this
area for general illumination. There were 2 fixtures for supplementary

illumination.



TLLUMINANCE DATA

Worker's age under 40

Speed not important
Accuracy not important
Reflectance of the greater than 70%

task background

PRESENT SITUATION ILLUMINATION

(a) Contrast (Judged)
1. Poor
2. Good

3. Very good

4, Excellent

40-55

important

important

30=70%

DETAIL

33

over 55

critiecal

critical

less than 30%
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(b) Angle of light (estimated angle fram horizontal plane and its

illuminance at that angle.

Not possible to measure as the light was caming fram all directions.

(e) Quantity of light

It ranged from 23 fc to 43 fe. The readings had an average of a

little over 30 fec (in vertical and horizontal plane).

(d) Type of lamp

F9%/T12/CW (slim line, energy conserving 60 watts)

(e) Luminaire type

Open type industrial luminaires.
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PERSONAL INTERVIEW

(a) Worker's job

To keep an eye on the whole guide press operations, The worker was
supposed to judge the quality of print and also keep the machine in

perfect running condition.

(b) How long on this job?

More than 5 years

(c) Worker's feelings, whether the worker likes the job or not.

He liked it due to the variety in the job.

(d) Does the worker feel satisfied about lighting?
He was very dissatisfied about the light on trimmer and wanted more

light on the printer section.

(e) Is there any other aspect of light that the worker likes to comment?

The worker's thought there had to be a supplementary source of light
over the trimmer and the supplementary lights over the printer had to be

increased in order to judge the quality of the print.



"INFORMATION SHEET FOR TASK/WORKPLACE LIGHTING"
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TASK NAME

Fill-In/Book Markings

TASK DESCRIPTION

The inventory/discard books were received from the dealer. The books
showed the inventory level of the dealer. The books came in about four
times a year, so this was a temporary job which would last about 4-6
weeks/year. The inventory books had small square spaces, wWhich had the

number. This was the number the worker had to read and mark. The size of

the number was small and the worker had to concentrate hard to avoid any

mistakes. This area had 35'x15' dimensions, with five work tables.



ILLUMINANCE DATA

Worker's age under 40

Speed not important
Accuracy not important
Reflectance of the greater than 70%

task background

PRESENT SITUATION ILLUMINATION

(a) Contrast (Judged)
1. Poor
2. Good
3. Very good
4, Excellent

40-55

important

important

30-70%

DETAIL

38

over 55

critical

eritical

less than 30%
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(b) Angle of light (estimated angle fram horizontal plane and its

illuminance at that angle.

(e¢) Quantity of light

It ranged fram 25 fc to 32 fc with an average value of 28 fc on the

horizontal plane.

(d) Type of lamp

F9T12/CW (Slim line, rapid start energy conserving lamps, 60 watts
power. )

(e) Luminaire type

Open type industrial luminaires
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PERSONAL INTERVIEW

(a) Worker's job

(b)

(c)

(d)

(e)

To fill the inventory books by marking the right number.

How long on this job?

Temporary job

Worker's feelings, whether the worker likes the job or not?

The workers liked it.

Does he feel satisfied about lighting?

The workers never complained about light. They felt satisfied.

Is there any other aspect of light that the worker likes to comment?

None



"INFORMATION SHEET FOR TASK/WORKPLACE LIGHTING"
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TASK NAME
Discard. Here the visual task of reading printed material was

performed.

TASK DESCRIPTION

This was mainly a clerical job. The workers had to read a variety of
printed matter with poor to good contrast. The printed matter was mostly
in the form of computer output. The quality of print was very poor. The
word size was very small and so reading such material put a lot of strain
on the reader's eyes. The readings were taken in the horizontal and

vertical plane,



ILLUMINANCE DATA

Worker's age under 40
Speed not important
Accuracy not important
Reflectance of the greater than 70%

task background

PRESENT SITUATION ILLUMINATION

(a) Contrast (Judged)
1. Poor
2. Good
3. Very good
4, Excellent

40-55

important

important

30-70%

DETAIL

43

over 55

critiecal

critical

less than 30%
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(b) Angle of light (estimated angle fram horizontal plane and its
illuninance at that angle.

450 if a supplementary source was used.

(¢) Quantity of light

It ranged fram 19 fc (vertical plane) to 45 fc (horizontal plane).

(d) Type of lamp

F3%T12/CW (Slim line rapid start energy conserving 60 watt power)

(e) Luminaire type

Open type industrial luminaire
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PERSONAL INTERVIEW

(a) Worker's job

To read different kinds of printed material and act according to the

instructions.

(b) How long on this job?

More than 3 years.

(c) Worker's feelings, whether the worker likes the job or not.

No camplaints heard. The worker seemed to be satisfied.

(d) Does the worker feel satisfied about lighting?

Not for the printout reading. They felt that they needed more light

for poor contrast print.

(e) Is there any other aspect of light that the worker likes to comment?

None



"INFORMATION SHEET FOR TASK/WORKPLACE LIGHTING"
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TASK NAME

Tissue cutter

TASK DESCRIPTION

The patterns to be cut were piled up near the cutter in stacks (1200
patterns/stack). One layer (stack) was 2"-3" thick. The different
portions of the dress were cut and separated. The cutting operation was
done on the band saw. This area was a critical safety area due to the
high speed band saw. This area was provided with 4 lamps of supplementary
lighting, two of these were F%T12/CS and the other two were F96T12/WW.



ILLUMINANCE DATA

Worker's age under 40

Speed not important
Accuracy not important
Reflectance of the greater than 70%

task background

PRESENT SITUATION ILLUMINATION

(a) Contrast (Judged)
l. Poor
2. Good
3. Very good
4, Excellent

40-55

important

important

30-70%

DETAIL

48

over 55

critical

critical

less than 30%
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(b) Angle of light (estimated angle fram horizontal plane and its

illuninance at that angle.

300 fran the warm white supplementary light source

(e¢) Quantity of light

It ranged from 14 fc to 35 fc with an average of 25 fc on the

horizontal plane.

(d) Type of lamp

F9T12/CW (rapid start, energy conserving 60 W power)
FO6T12/WW

(e) Luminaire type

Open type industrial luminaires
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PERSONAL INTERVIEW

(a) Worker's job

To get a stack (1200 patterns) fram the right side of the table, put
it on the working plane, cut the patterns into different dress portions

and slide them forward.

(b) How long on this job?

Five years.

(c) Worker's feelings, whether the worker likes the job or not.

Workers liked it.

(d) Does the worker feel satisfied about lighting?
Yes, the worker was satisfied but the fact of the matter was that the
light levels just by the blade were not enough according to the illumina-

tion standards.

(e) Is there any other aspect of light that he likes to comment?

None
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DISCUSSION

The average illumination in the hand folding area was found to be 33
fe. This level was almost appropriate for the kind of job performed in
this area. The problem in this area was the glare, due to the white
color of the table tops. In the author's recent visit since making the
measurements, it was found that all the burnt lamps were replaced with
F9T12/WW type lamps. These lamps "warm white" were thought by McCall
officials, to have the ability to cut the glare down. The illumination
level of 33 fc could still be made better by lowering the fixtures to
decrease the distance between the work plane and the lamps. The plant
officials were already thinking of changing over the lamps from
fluorescent to high pressure sodium, (HPS) due to the high efficacy of HPS
Lamps.

The initial cost of HPS lamps is higher than fluorescent lamps. In
the long run, where color rendering is not very important, HPS lamps are
the most efficient sources available today.

In the "Branch Service" the lighting conditions were very poor with
an overall average illumination of only 10.75 fc (in the vertical plane).
The reason was that the fixtures were mostly located above shelves, rather
than in the middle of aisles. There were 10 rows of lamps for 13 aisles
which shows the misproportion. There should have been the same number of
light rows for the number of aisles. Out of 400 lamps, only 244 lamps
were working which is only 60 percent of the total. This problem could be
eliminated in a number of ways. The fixtures could be lowered to get more

light on the patterns in the shelves. There could be a glare problem by
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lowering the fixtures but that could be solved by putting proper shields
on the luminaire& Each aisle must have one row of lamps. The other
option was to change over from fluorescent to HPS lamps. There would be a
high initial cost but it would prove productive in the long run. It would
give a yellowish effect but it would be normally felt after the workers
had worked for some time. The shelves in the aisles were movable but the
possibility of increasing the aisle distance or repositioning the shelves
was very remote 3o the first two options of rearrangement would be more
applicable.

In the Guide Press area there were two places where immediate
attention was needed. In the trimmer, where accuracy and precision were
important, only 23 fc were recorded in the horizontal plane. The workers
felt very much dissatisfied with the quantity of light on the trimmer.

The increase in illumination level could easily be achieved by putting a
supplementary light source above the trimmer table. The source should be
such that it could be turned on and off when needed, because the trimmer
would not be in use all the time. The printer section of this area was
also very important because the printing was intermittently checked for
any dark streaks, misprints or other printing effects. The paper was
constantly moving and to judge a print in such a situation a level
recommended in Table 1 has to be present which is 70 fec for such a task.
A supplementary source of light was provided which was delivering only 32
fc on the horizontal plane. This source consisted of two F3%Tl2/cw lamps,
which were shielded to protect from breaking. This supplementary source
should have been double that which was actually there. The work table and

stacker were not complained about by the workers so the level of illumina-
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tion was acceptable. There were 25 fc on the working table where most of
the paperwork was done. The reason for this low level of illumination was
that there were a lot of pipe lines running under the lighting, which
obstructed most of the light.

In the Fill In/Book Marking the level of illumination was found to be
29 fc on the horizontal plane, This value was averaged over all the
tables. The job required the worker to concentrate in order to avoid any
mistakes. The workers never seemed to complain as it was a temporary job
requiring the workers to work only four-six weeks/year. The illumination
could be improved by either lowering the fixtures or by changing to HPS
lamps.

In the “discard® the worker's job was mostly reading printed material
of different quality prints. The average illumination on this desk was
36 fe. For a bigger print with good contrast, 36 fc would be acceptable
but for a computer printout which was smaller than letter print with poor
contrast, the illumination level should have been higher. This was very
easily achieveable by an ordinary table light on that workstation, The
light could be turned off or on as the reader would wish. The table lamp
could be positioned over the table for the best possible results,

The "Tissue Cutter"™ was a critical safety area. It was felt that
there was not enough light very near to the cutting blade, but for
the rest of the table the level of illumination was adequate. The reason
of less light just near the blade was that light from the supplementary
light source was being obstructed by the driving mechanism of the blade

over it, As the table top was white, increasing the supplmentary light
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would increase glare which would be more dangercus, Oblique lighting from

behind the worker could solve the low light problem. This light source
could be an incandescent bulb in a reflector which would be pointed
towards the cutting blade at an angle, Incandescent source would be
preferrable over fluorescent as it is a point source and will fall on a

small area,
STROBE EFFECT

The performances of the fluorescent lamps versus HPS can be judged by
a number of reasons, The wattages of HPS available are greater than
those available in fluorescent lamps. The lamp efficacy of HPS is 8 to
140 lumens per watt where as the fluorescent is 50 to 85 lumens per watt.
The life of a HPS lamp ranges from 16,000 to 24,000 hours but the
fluorescent is 12,000 to 20,000 hours. The luminaire cost for a HPS is
higher but for fluorescent it is low. The color of HPS source is
yellowish where as a fluorescent lamp has cool white light (white) and
warm white light (yellowish).

For a ten year life cycle the cost of producing one million useable
lumens for a fluorescent lamp is $80,000 but for the same number of lumens
produced by HPS light souce, the cost is only $50,000. This gives a clear
idea as to what should be our choice for a long term illumination facility

where color of light source does not make any difference.
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RECOMMENDATIONS

The average illumination in the six areas studied was approximately
35 fe (horz). This also gives a picture of a general overall illumination
throughout the plant the value of which was between 30 and 40 fc. To make
a recammendation about any improvement in the lighting of different areas,
there must be same standard values of illumination for different visual
tasks. For this purpose the "IES Lighting Handbook, 1981 Volume" was
consulted. The table of values is attached (Table 1). In this table the
type of activity is identified with an illuminance catagory (represented
by a letter). This illuminance catagory is then designated by a range of
illunination most appropriate for that activity. By looking into the
industrial group of this table, it is made clear that most of the visual
tasks in McCall's fall into illuminance catagories D and E with illumina-
tion ranges of 20-30-50 fc to 50-75-100 fc., Thus illumination levels of
35 to 70 fc on the average were needed throughout the plant.

In the hand folding area the average illumination was found to be 33
fe. This area falls into illuminance catagory D with a range of 20-30-80
fc. So 33 fc is well within this range but as the range is up to 50 fc so
the task would become easier with the provision of 50 fe illumination
level. The range actually gives an idea of increasing or decreasing the
illumination level with the difficulty of visual task in this catagory.
But then, greater illumination levels make a task easier. The quantity of
light can be increased by either lowering the fixtures, or changing from
fluorescent to HPS. The cost of changing over will be recovered within a

decade so it is wortlwhile to go for this change as HPS is the most
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efficient source available at the present time.

In Branch Service area the average illumination was found to be 11 fec
in the vertical plane. This area falls into illuminance catagory D with
20-30-50 fc range but 11 fc were way below even the lower limit. There
are generally less fe's in the vertical plane than in the horizontal
plane., The ratio is approximately three-fourths, so to have 35 fc in the
vertical, there should be approximately 50 fc in the horizontal plane,
The problem in this area was multiple., First the number of lamp rows was
not equal to the number of aisles so the lamp rows could not be centered
and consequently some of the rows of lamps were situated right above the
shelves, thus most of the light never reaches in between the aisles (on
the shelves). Secondly, only 60% of the lamps were working, thus
providing such poor illumination, It would be worthwhile to change over
from fluorescent to HPS because then the shelves system would be
redesigned according to the present situation of aisles. HPS will
certainly pay off in a period of approximately five years.

In the Guide Press area there were a number of problems for the
visual tasks. The printer section falls into the illuminance catagory E
with a range of 50=75-100 fc whereas the rest of the area is catagory D.
The printer section had 37 fc in the horizontal plane with the
supplementary source. The trimmer had 23 fc in the horizontal plane, The
working desk had 25 fc in the horizontal plane. The general illumination
of this area must be increased to 45-50 fc and replacement with lHPS would
again be recommended. The poor illumination was caused by the obstruction
by the pipe lines running right under the fixtures, The pipe lines could

not be moved any where else., The only things that could be lowered clear
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of the pipe lines were the fixtures, It would be worthwhile to put HPS

than removing the fixtures from their present place and lower them to get
all the light from them. Once the general illumination were increased to
approximately 50 fc the level of illumination over the printer could
easily be brought up to 70 fc (in the horizontal plane) with a supple-
mentary light source. The 7O fc are well within the catagory E range.
The color rendering is not important as the printer is black and white so
even a yellowish color of HPS would not hurt the performance.

In the Fill In/Book Marking the average illumination on the
horizontal plane was 29 fc though this was a catagory D area, the visual
task demanded at least 35-40 fc on the horizontal plane. The desired
level can be achieved by either lowering the fixtures or changing over to
HPS, The HPS may not be appealing in this area, as this was a temporary
job and lasted only 4-6 weeks/year, the authorities might not pay much
attention to this, As long as there was a low level of light, the stress
on the workers would be present.

In the Discard, the work was done on a small table and all the light
that fell on the work place was the general illumination. The average
illumination on the horizontal plane was 36 fc. All the reading material
had good contrast except the computer printout, A localized (supple-
mentary) light would improve the illumination The supplementary source
could be a table lamp or some other localized source, to provide 50 fc for
reading poor contrast print. The lamp could be switched on or of f when-

ever desired.
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In the Tissue Cutter the table was getting light fram the general
plant illumination and also four supplementary lamps. This falls into
catagory E due to the critical safety. The average illumination on the
horizontal plane was approximately 30 fe. Two of the four lamps for the
supplementary light were warm, white fluorescent. The glare problem was
present due to the white color of the working plane top., The glare
problem would be reduced if the white color of the table top was changed
to a darker one, so that less light would be reflected. It would also
depend upon the angle of light striking on the table, with respect to the
position of worker's eyes. If the supplementary source was increased,
after changing the color to a darker one, the situation would improve,
especially near the cutting blade, where the light level was only 20 fec.

Talking of the plant as a whole, most of the lights could be changed
to HPS, purely due to its high efficiency. Of course, there are same
areas like the color printer, where color rendering is extremely
important. So cool white fluorescent light is most appropriate for such a
purpose and changing over to HPS would not make any improvements. Most of
the other areas could be provided with HPS. This would save money and
increase the quantity of light to the desired level. This would just be

killing two birds with one stone.
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. Table 1

Recommended Illumination Levels

1. Mummance Categones and mma‘vmu tor Geﬂeri-. Types of Activitigs in Inlenors

Ranges of llumwngnces

[
Tyne ot Actrwity Reterence Work-Pane
Category Lux . Footcandies
Pyblic 308Ces with dark surroundings A 20-30-50 2-3=5
Simpie onentslion lor shorl lemporary 8 £0=75-100 §-7.5-10 General lighing
wigis throyghout spaces
Working spaces where visual tasks are o 100=150-200 10=-15-20
only occasionally pertormed
Pertormance of visual tasks of highcon- D 200-300- 500 20-30-50
rast or large size
Performance of wisual tasks of medium £ ¢ 500-750-1000 -~ 50=-75-100 lilumunance on task
contrast o} smail size o
Perfosmance of visual lasks of low con- F' . 1000-1500-2000 . 100-150-200
trast or very smail size Y 0 ) L = " o i
Pertormance of visual tasks of low con- G 2000-3000-5000 200-300-500
tras! angd very small size Over a pro-
longed penod Hlumnance on lask.
L abtanedg by 2 Com-
Periormance of very proionged and ex- H 5000-7500- 10000 §00-750-1000 inaton of general
actng wisual lasks ang locai (suppie-
Performance of very soecial visual lasks i 10000-15000-20000 1000-1500-2000  Mentary kgnting)
ol extremely low contrast ang smail
size
. Commercial, Insutulional, Residential and Public Assemsly intenors
Wammnance E fliyMmnance
Arga/ ACtrty c.mw I Area; Actmty Category
Air tarminals (see Transportation terminais) | Barber snops and beauty pariors E
Armories c' { Churcties and synagogues (see page 7-2)°
Art gallerien (see Mussums) | Club and lodge rooms
. Lounge and reading D
Ayditoriums
Assembly c Conterence rooms
Social actviy B Confernng e
Critical seeng (refer 10 inamQual 1ask}
Banks (also see Reading)
Loboy : GCourt rcoms
General c Seanhng area C,
_'gfm;; ot —_— ™ Court activily area E
Teliars siatons £ ; Dance halls and discothegques B

Foor st Files wampe e 2o '4
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il. Continued
Mummnance | lHummance
Areas Activity c i Area/Actwty Category
Music siudy (ptano or grgan) Schoois (see Educational tacilities)
i:nole :;aresr 2 Service spaces (see also Storage rooms)
5 ;:?cnd ::'a e:nre £ Stairways. corridors (o]
Flea;m 2 s s . Elevators, ireight ang passenger c
a | Toilets and wash rooms c
In a chair
Books, magazines and newspapers D Service stations
Hangwriting, regroductions and poor Service bays (see Part lll, industrial Group)
copies E Sales room (see Merchandising spaces)
'n bed Show windows (see page B-6)
Normal D ‘ .
Prolonged serious or critical E Slairways (see Service spaces)
Desk Storage rooms (see Part I, Industrial Groug)
Pnmary task plane, casual D - :
Primary task plane, study € Stores (see Merchandising spaces and Show win-
Sewing dows)
Hand sewing . Television {see Section 11)
Dark labrics, low contrast S ; ;
Light to mediym fabrics E Theatrs and motion picture houses (see Section 11)
Occasional, high contrast D Toilets and washrooms C
o Transportation terminais
rik tabrics, low contrast F i
" Waiting room and lounge c
Light to medium fabrics E
3 Ticket counters E
Occasional. high conirast o] ]
Table 0 Baggage checking D
abie.oames Rest rooms c
Restaurants (see Food service facilities) Concourse B
Salety (see page 2-45) Boarding area [
. Ingustrial Group
liluminance liuwminance
Areas Acnity Category Area/Activity Category
Aircraft maintenance (see page 9-12)" Book binding - _
. . 7 - ex __ Foiding, assembhing. pasting. ] =
Aircraft manufacturing (see page 9-12) Cutting. punching. stilching E
Assembly Embossing and nspection F
Simpie D | Brewe
Moderately ditficuit E TS
Brew house D
Diffiguit F ' ;
; | Baoiling and keg washing o}
Very ditticuit G i Filling (bort! ik ] o
Exactng H | ilting es. cans. kegs
Automobile manutacturing {see page 9-17)" Building l::el:ssl';ltI'm:t!c'ﬂ (see Part IV. Qutgoor Facik-
Bakenes - .
Mixing room 0 “ Building extericrs (see Part IV, Quideor Facilities)
Face of shelves a] ' Candy making
Insige of mixing bowl D Box gepartment jal
Fermentation room o} Chocolate department
Make-up room Husking, winnowing, fat exiracticn, Srushing
Bread D and refining, teeging
Sweel yeasi-raised products D Bean cleaming. sorting. dipping. packing.
Proating room D wrapping D
Oven room 8] Milling E
Filings and other ingredients D i Cream making
Decorating and icing i Mixing, cooking. maiding 0
Mechanical D Gum draps and jelhed forms 0
Hana E Hand decoraling 8]
Scales and thermometers D : Harg candy
Wrapping 0 i Mixing, cooking. molding s}

For foutnotes, see page 2-19. For dluminance ranges for each llluminance Category. see page 1-3
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. Continued
IHummance Hlummance
Area; Attty Category ! Area/Achvity Cat
Drwe cutting ana sorting £ i Control rooms (see Electric generating stations—
Kiss making and wrapping E internor)
Cannming and preserving . Corridors (see Service spaces)
Im{;_&:rf::;g raw matenal samples g J Cotton gin industry
Col ? Fadin nd ting reom E QOverheac equipment—separalors, driers, gnd
b o |g ading ang-cuiing teomy j cleaners. sticx machines, canveyers. leed-
e i ol : ers ana catwalks D
Prehimnary sorting i Gin stand o
Apncots and peaches D ! 0 stan
T ; £ ! Control consoie o
O?i:n:soes £ I Lint cleaner D
! [
Cutting ang pitting E | Bale peass o
Final sorting E | Dairy farms (see Farms)
Canning ) Dairy products
Continuous-belt canning E Fluid mitk industry
Sink canning E ! Boiler room o]
Hand packing o Baottle storage v}
Olives E Bottle sorting E
Examination of canned samples F Bottle washers 7
Container handling Can washers D
Inspection F Cacling equipment D
Can unscrambiers E Fillinq:ginsoecluan E
Labeling and cartoning o : Gauges (on face) E
Casting (see Foundries) Laboratories E
. i Meter paneis (on face) E
" Elactsi .
Central st (see generating stations) | Pasteunizers 0
Chemical plants (see Petroleum and chemical ; Separators D
plants) ! Storage retrigeratar D
Ciay and concrets pr ts i Tullrst:uvnar:?enors c
Grinding, filter presses. kiln rooms c ! D;’ X s E
Moldmg_. Rresung: cleaning..1nmming o4 i Thermometer (an tace) E
Enameling E i Weighing room [»}
Coior and giazing—rough work E ! Si . S £
Color and glazing—line work F : ales
Cleaning and pressing industry . Dispateh ?oards l{s,ee” Electric generating
Checking ang sorting £ stations—intano
Ory and wet cleaning and steaming E Dredging (see Part IV, Outdoor Faciiities)
insgecucn and spoling = . Electrical equipment manutactunng
Pressing F : I t o
RAepair and alleration F i mpregnating
£ i Insulating: coil winding E
Clcglh !:ro:ucts | " Electric generating stations——interior {see aiso Nu-
° Qm Inspechon 5 clear power plants)
S” ng G Air-congiioning equipment, air preheater znd fan
pfw'"i = floor. ash sluicing 8
essing Auxilianies, pumps, tanks. compressors. gauge
Clothing manulacture (men's) area c
Aecewving, opening. storing. shippmng o] Battery rooms o]
Examining {perching) ! Boiier piatforms B
Sponging. decaling, winding, measunng D Burner platiorms o
Pilng up and marking E Cable room B
Cutting G Coal handling systems a8
Pattern making, preparation ot trimming, piging. . Coal pulverizer c
canvas and shoulder pads E ! Condensers, deaerator toor. evaporator tioor.
Fiting, bundling, shaaging, stitching D heater fioors 8
Shops F . Control rooms
Inspecticn G : Main control boarcs p#
Pressing F Auxihary control panels D*
Sewing G Operator s station E?

For toatnotes, see paee 2- 19 For illunenance ranges for each [lununance Calegore. see paee 220
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fllummance IHummance

Area; Actwity Catwgory ArgacActaty Caregory

Maintenance and wiring areas 0 : General shop area (machinery repair. rough
Emergency operaung iighting C i s3awing) o]
Gauge reading D Rougn bench and machine work {painting, fine
Hyadrogen and carbon dioxide mamiold area C storage. orainary sheet mefal work, weld-
Laboratory E ing, megwum benchwork) D
Precipitators B8 i Megium bench ang macrine work (hine wood-
Screen house c H working, drill press. metal lathe. grinder) E
Soct or slag biower plattorm c | Miscetianeous areas
Steam heacgers and throtties B : Farm office (see Reading)
Swilchgear and motor control centers ) I Restrooms (see Service spaces)
Telepnone and communication  equipment ! Pumphouse c
rooms 0 '
Tunnels or g_aebenes. piping and electnical B ! Farms—pouitry (see Pouitry industry)
Turtune builging i
Operating ficor D | i
Below operaling fioor : c {  Flour milly .
VG ey c Rolling, sifting, puritying E
Waler treating area D | Packing o
! Produc! control F
Electric generating stations—aexterior (see Pan IV, : Cleaning. screens. man lifts, aisieways and walk-
Qutdoor Facilities) ; ways, bin checking D
Elevators (see Service spaces) ; ! Forge shops E
Explosives manufacturing i Foundries
Hand furnaces. boiing tanks. stationary driers, ; Annealing (furnaces) D
stationary and gravity crysiallizers D ; Cleaning D
Mechanical furnace, generators and stills, me- | Core making
chamcal driers. evaporators, liltration. me- i Fine F
chamical crystallizers D ; Medium E
Tanks for cooking, extractors, percolalors, ! Grinding and chipping F
nitrators o] I Inspection
Farms—dairy : Fme‘ G
Milking operation area (milking parior and stall Medium F
parn} Moiaing
General ) ) . c .- . Medwm F
Cow s uager . . . . .0 "7 l-lLarge E
Milk hangling equipment and storage area (milk cd Pouring E
house or milk room) ) Soring E
General o 2 Cupola c
Washing area E Shakeout . 0
Bulk tank nterior E | Garages—service
Loaging plattorm c ; Repairs E
Feeding area (stall barn feed alley. pens. lcose ' Active tratfic areas o
nousing leed area) o5 Write-up C
Feeg storage area—torage
Haymow A Glas_; works
Hay inspection area c Mix and furnace rooms, pressing and lenr. giass-
Lagagers and stairs G biowing macnhines c
Silo A Gringing, cuthing, silvering D
Silo room c : Fine grinding, beveling. palisning E
Feed storage area—grain and concentrate i Inspection, etching and decorating F
Grain bin A | Glove manufacturing
Concentrate storage area a8 ! Pressing G
Feed processing area B ' Kniting F
Livestock housing area (community, maternity_ in- : Sorting F
gividual calt pens, and ioose housing hald- ! Cutting G
ing ard resting areas) 8 : Sewing and inspection G
Macm::ecs)torage area (garage and machine . ' Hangars (see Aircratt manufacturing)
Farm shop area | Hat manufacturing
Aclive slorage area B | Dyeing, stitfening, braiding. cleaning. retiming E

i

Far loatnotes. ser jiage J-14 For lilgnunance rnges lor each lllummance Categury. see page 2-3
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it Continued
lummance Hlummnance
Area/ Actmaty Category Area/Actmwity Cat
Forming, sizing, pouncing, Hanging, linishing, Slorage room c
ironing F ‘ Engineered salety teatures equipment o]
Sewing G Diesel generator building o]}
. Fuel hangiing buiding
Inspect
ection B Operating fiaor D
= Below operating floor c
Moderately difficult E RORING
e Oft gas buiiding c
Ditticult F
S Radwaste buiding D
Very difficuit G S50
£ ng H Reactor building
XACH Operating floor [s]
iron and steel manufacturing (see page 9-63)°' Below operating floor c
Jeweiry and watch manufacturing G Packing and boxzing (see Materiais handiling)
Laundries Psint manufactunng
Washing D Processing
Flat work lromnq vmghmq listing, marltmg o Mix companson
Machine and press finishing, sorting E
Fine hand ironing E Paint shops ‘
Dipping, simple spraying, firing o
Leather manutacturing ) Rubbing, ordinary hand panting and fimishing art,
Cleaning. tanning and stretching. vals . 0 -+ stencii and special spraying o
Cutting, fieshing and stutfing su s e awes o -~Fine hand painting and finishing E
Finishing and scarfing . . E Extra-fine hand painting and finishing G
Lowtivur working E Paper-box manutacturing E
Pressing, winding, glazing .
Graging, ing, cufting, B i [} Pipormanul‘lcn_mng
ing. matching, g, scarfing, sewing iy 4 o
Loading and unioading platforms (see Part IV, Out- Finismng, cutting, Inmming, papermaking ma-
door Facilities) chines E
Locker rooms ¢ Hand counung, wet end ol paper machine E
o Paper machine reel, paper inspection, and
Logging (see Part IV, Qutdoor Facilities) laboratories F
Lumber yards (see Part {V. Outdoor Facilities) Rewinger F
Machine shops : : : Parking areas (see page 14-24)
Aough bencn.or machine work - =) Petroleum and chemicai piants (see page 9-51)"'
Meawm bench or machine workmg_au:o— ) o
’l'nallc rnachmes.r rough grnding, medium . Piating
buffing and polishing B - Polishing and burnishing (see Machine shops)
Fine bench or machine work, fine aulomatic ma- .
chines., medium gnnding, fine buffing and Power plants (see Electric generating stations)
polishing G Poultry industry (see also Farm—dairy)
Exira-fine bench or machine work, gringing, fine Brooging, proguction, ang laying houses
work H Feeding, inspection, cleamng o}
Charts ang records D
Matenalshandling . ___ == = = = Thermometers, thermostats, time ciocks D
_Wrapping, packing, Iabgl_-gg______ o Hatcheries
T Picking stock. classifying _ o Generai area and loading platform c
Loading, insige truck bodies and freight cars c Inside incubalors o)
Meat packing Oubbing station F
_ Slaugntenng o Sexing H
Cleaning. cutung, cooking. grnding, canning, Egqg handling, packing. and shipoing
packing o) General cleaniiness E
Egg quality inspection E
Nuciear power plants (see also Electric generating Loading platform, egg storage area. etc. c
stations) Egg processing
Auxiliary buiiding. uncontrolled access areas o] General lighting E
Controlied access areas Fowl processing plant
Count room ER General (excluging killing ang unloading
Laboratory E area)
Health pnysics oftice F Government nspection sStation and grading
Megical aid room F stations E
Hot launodry Unloading and killing area c

For luotnotes. see page -

19. For iiluminance ranges for each llluminunce Categury. swe page 2-5.
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i Continyed
Area. Actmaty '",‘_:;::;:e Area: Actwity ":E'::qt:e
Feed stcrage . Punches E
Grain. teed rahons c Tin plate mspection. galvanized F
Rrocessing o] Scribing F
Charts and records o
h ~—ieat
Macrne storage area {(garage angc machwne . g: Ia?::‘ﬁ::::n - sahet
snied) 8 Cutting tabies G
Printing industnes . Marking, buttonholng. skiving, sorting, vamp-
Type ioundanes ing. counting G
Matrnix making, cressing type E Stutching, cark matenais G
Font assembly—sorting 2 Making ana fimishing, nailers. scle layers. wett
Casting £ : zealers and scarlers. tnmmaers, weiters,
Prninung plants . lasters, edge sellers. siuggers, rancers.
Color inspection and aporaisal F i wheelers, treers. cleaning, soraying. buft-
Maching compositian E : g, polishing, embossing F
grcer::eo:mg room E Shoe manufacturing—rubber
i Seia EiGh F Washing, coatng. mifl run compounding D
mpasng il : Varnishing, vulcanizing, calencenng, upper and
Prootreading F ; sole cutting D
Electrotyping | : i ¢
Molding, rouling. finshing, | ing 5 ': Sole rolling, liming, making and fimsning e
trmming E ; processes
Blocking. tnming o] :  Soap manufacturing
Electroplating, wasmng, backing D : Kettle houses, cutting. soap chip ang powder s]
Photoengraving H Stamping, wrapoing and packing, filling ang pack-
Etcring. staging, blocking o) I ing 08D powder )
Routing. fimshing, prooting E Stairways (see Service spaces)
Tint layng, masking E i m' i
v Steed ron and steel)
Receiving and shipping (see Materials handling) | e o
. torage batt manuyfacturi
Railroad yards (see Part IV. Ouldoor Facilities) ! <o -y i
. i @ roo or wareh
Rybber goods—mechanical (see page 9-56)°' 1 ln::tme 8
Rubber tire manufacturing (see page 9-56)' i Active p
: Rough, bulky item:
Satety (see page 2-45) ! i rnihy o
Sawmulls .
: P F
Secongary log deck 8 Storage yards (see Part IV. Outcoor Faciities)
Heag saw {cutlling area vieweg 2y sawver) E Structural steei fabrication E
Head saw oulleeg B ! Sugar refining
Machinge in-teeds (bull edger. resaws, eagers, ! Graging €
trm, hula saws. planers) B Color nspection F
Main mul Hoor (Dase hghting) A
Sornng taoies o] . Testing
Aough iumber graging o] ; Generai o
Fimshed lumper Graalng F | E:acnng tests. exira-hne nstruMents. scales.
Ory lumber warenouse (planer) = etc. E
Dry kun colhng sned 8 ! Textile muils
Chioper :nteed 8 ‘ Stapie fiber preparation

Basement areas Siock dyeng, tinting

Active A ! Sarting ana grading (wool ana cotton) N
Inactive A i Yarn manutacturing
Filing room (work areas) £ ; Opeming and picxing {chute ieeq)
24
Service spaces (see also Storage rooms) Carging {(nanwaven farmatign}
Starways. corngors 8 Drawng (giling, pin drathing)
Elevators. frerght ana passenger B Comobing
Torets and wash rooms c Raving (HObOing. fty trame!

Sownning {Cap Spinning. twishing, 1extunng)
¥Yarn preparation

Winaing, auilling. twishing

Warping (beaming. sizing)

Warp tie-in or drawing-in (3utomahc)

Sheet metal works
Miscellaneous machines, orginary bench wark E
Presses, shears, stamps, spinfung, medium dench
work E

mwm mMmmQEOQOD MmO
3

i
|
|
|

Fur tootnotes, ~ew page J- 1% For dluminance ranges tor sacn Hluminance Category, see page 2-3
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. Caontinuved
Area/ACTviry 'mc‘;':'mg Area/Actvity “m‘
Fabric production i Upnoistering F
Weawving, knilting, tytting F |
Inspecnon G'* | warehouse (see Slorage rooms)
Fimshing .
Fabric preparation (desizing, scouring, bleach- Weiding
ng. siINgeng, and mercerizaton) D Onentation [s)
Fabnc dyeing {printing) 8] Precision manual arc-weiding H
Fabnc timshing (calenganng, santonzing, sued- .
ing, chemmcai trealment) E'® 1 Woodworking
Inspection ' G Rough sawsng and bench work o]
Sizing, plamng, rough sanding, medum quakty
?og::‘f‘: p;?::;; 0 machine and bench work. gluing, veneenng,
Gtaoan'g ang sorting F cooperage _ D
Fine bench and machine work, hine sanding and
Toilats and wash rooms (see Service spaces) finishing E
V. Qutdoor Facilities
Area/Actraty Lux Fooicandies | AreasActvry Lux Footcandles
Building (construction) Slairs and platforms 50 £
General construction 100 10 Ground level areas includ-
Excavation work 20 2 ing precipitators, FD
Building exteriors and 1D fans. bottom
e T Coungroamsy = ®
coni‘::;ence) ana e 50 5 ! Fan deck, platlorms,
50 S
inactive (normatly locked. Pum”"‘"' VHive areas = 3
infrequently used) 10 1 ¢ M::".“‘
vital locations of siructures 50 5 “"Bu“ u'"° B—
Budding surrounds 10 1 d '“m. S
Builgings and monuments, hoppers, lruck unioad-
Nooalighted ing. pumps, gas
Brght surroundings i metering 50 5
Light surtaces 150 18 : Conveyors 20 2
Medism iignt surtaces 200 20 “ Slorage lanks 10 1
Meaym dark surtaces 300 30 H Coal storage pies, ash
Dark surtaces 500 50 : dumps 2 02
Dark surroundings Hydroelectrnc
Lignt surtaces S0 S Powerhouse roof. stairs,
Medium hgnt surfaces 100 10 platiorm and Mmake
Medium gark surtaces 150 15 decks 50 5
Dark surtaces 200 20 inlet ang discharge water
Bulletin and poster boards | area 2 0.2
Bngnt surroundings Intake structures
Light surtaces 500 50 Deck and laygown area 50 5
Dark surtaces 1000 100 Value pits 20 2
Dark surfoundings ‘ Iinlet water area 2 0.2
Light surtaces 200 20 ‘E Pﬂ::'.':: ;::::Dammq 20 )
Darx surtaces 500 50 ; DG ‘o ;
Central station {see Electric | Substation
generating stations— Honzontal general area 20 2
exteror) Vertical tasks 50 5
Coal yards (protective) 2 0.2 Transim;i yards ' 20 )
; Horizont neral area
Dredging 20 2 Uericat s 50 5
Electric generating stations— Turbine areas
extenaor Building surrounds 20 2
Boiier areas Turbine and heater decks.
Catwaiks. general areas 20 2 unigading bays S0 5

Fur tna{Auotes see page 2-1% For iuminance ranges for each lluminance Category, see-page 2-5.
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"APPENDIX A

IES LIGHTING SURVEY FORM A

GENERAL INFORMATION

Company name and address e e e e—— [
Contact
{Name end ride of individual through whom arrengements were made for making this survey)
Survey by oo o . e e e e e s e e e
{Record name, title and afilianion of surveyor)
Ares wurveved . ... STV SN o | R Time ~AM-PM
tFor future, give name of erea and/or building and room numbers)
DESCRIPTION OF ILLUMINATED AREA
Type of work performed in area ' Ser insrruction A-Iv .. e S S
Length Width Height Room Temperature . SN
TABLE 1. (See instructions 4-2-4-5)
Interier torfacen Material Tozture Celer % Reflectsnce Candition
Caii
Walls
Dade
Trim
Floor
Shades or blinds
Work surface
Equipment
DESCRIPTICN OF GENERAL LIGHTING SYSTEM
TABLE 2. LUMINAIRES (See instructions B-1-R-8)
Light M.H. or
Quantity |Wattage oures Distribution Deseription Specing Mounting p. Condition

Date of installatina .

Rated voltage of incandescent lamps
Caduar of lamps (Ses invruction 8-12) G, R

Approximate hours used since installation (See ingtruction 8-9) S
Full load voltage (1) 2 (See instructions 8-10 & 8-11»

DESCRIPTION OF SUPPLEMENTARY LIGHTING

TASLE 3. SUPPLEMENTARY LUMINAIRES {See instructions C-I-C-T)

Worl wurfece| Me. of Luminaire Lamp Luminsire description,
Itam Mo, lighted luminsices | distribution wathi-type lacation end maunting Condition
1
2
3
4

Further detaily ! See tnsiruction C-8)

FEBRUARY 1963

How 1o Make o Lighting Surver
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INSTRUMENTS USED

TABLE 4. (See instruction D

69

Measurement Manufacturer Nema end model Last calibration date and by whom
lumination
Hrightness
Refler1ance —_ .. —
Calar . e
V¥altape
ILLUMINATION MEASUREMENTS-AVERAGE
[Foetcandies an a Horizontal Plane 10 Above the Floor from General Lighting Oaly.|
CENERAL

Position the measuring instrument ~ that when rradings are
raken the surface af rthe light sensitive cell is in a3 horiznntal
plane and 30 inches sbove the flnar. This ran he facilitated In
means of a2 small pertable <tand of wond or wiher material thai
will suppnrt the eell a1 the coreeet height and in the proper
plane.

Exclude davlight durnng illumination measurements. Take
readings at night or with shudes, hlind- or nther apaque cover-
ing on the windows and/ar skviizhts.

Readings <hauld nni he nhstructed by survesunr or worker.

Select from Tahles 3A thmugh 3F on/v the table cuitrd 1
the arez amil fill in the beteandle values required,

TABLE SA. REGULAR AREA WITH SYMMETRICALLY SPACED LUMINAIRES IN TWO OR MORE ROWS « Ser insiruction E.1)

Step | Step 1 Step 3 Step 4 A v s
Station Te | Station | fe | Statien | fe | Stavion | fe : v
r-1 q-1 t-1 Pl = ::--: ;:-1 -
r-2 q-2 1-2 p-2 B > e - =
r3 q-3 1.3 LI
r4 q4 t-4 25 I % B
v = oz 3 SH
r-6 ‘ v
7 = Z g & > 3
8 ¥ 8 3 ow B i 2
Total | | @ = s x mEws = g
Average R = Q= T= P= a3 Dedey. w37

Step 5. Netermine the average illumination in area hy solving the eyuution:

AN =D LQIN=DNLTIH=11 4P

where: ¥ = Number of luminaires per rw:

Average Tllumination

v

TABLE 58. REGULAR AREA WITH SYMMETRICALLY LOCATED

W = Number nf rows,

:&: on plane 30 abare flonr + TES Methad)

SINGLE LUMINAIRE 1 See instruction £-2)

Step | .
Station fe i e wo-2
-l Step 2. \veragze illumination equals P . ;
o2 T .
p-3 I . :; 3 ]
p-4 . b-a
Toral

Average P =

4 How to Hake v Lighting Survey

\verage llumination = : fc on planr 30" 1bave floor 11ES Method)

ILLUMINATING ENCIXEERING
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ILLUMINATION MEASUREMENTS—AVERAGE

TABLE 5C. REGULAR AREA WITH SINGLE ROW OF INDIVIOUAL LUMINAIRES 1 Ser instrucuon E-30

: |
Stap | Step 2 @ g
Station fc Station fe I1e e« dle eq-e ate)
0 ENes ek
q-1 p-l : F-;—_—: =y 03
-2 p-i HAR] s N
1 e a-8¥ sq-e a-rd eq-e
q-3 4 /
Py [ il
TS5
q6 Step 1. Determine the average illuminatinn in area hv sniving the equation:
q-7 1 Y=t P
pry \veroge [Nlumination =O—TL— where: V' = Numher of luminaires.
Total | =
Average Q = P =

= :f: o plane W™ jhove

TABLE 50. REGULAR AREA WITH TWO OR MORE CONTINUQUS ROWS OF LUMINAIRES 1 See instrnction E-

Aimer ¢ [FS Methnd

Step | Stap 2 Stap 3 Step 4 P i, ,
Station fe Station e Station fe Station fe |
r-1 q-1 t-1 p-l ~- <]
r2 1-2 12 p-2 v i
r-3 -3 ) [
r4 t-4 o
s .-y
Total | e -z
Average R = Q= = P = ;I‘T ra e
|
Step 5. Determine the average illumination in irea hy solving the cquation: :
o RViM—=1) +QN<T (Y1) 4P '
\rveruge [Nlumination = - TR ' N
- q-2 2
where: ¥V = Number of luminaires per mw:
= W = Number of rows.

= r on plane 30" above Aonr (TES VMeothad

TABLE SE. REGULAR AREA WITH SINGLE ROW OF CONTIMUQUS LUMINAIRES (See inatrucrion E-5)

Step | Step 2 Step 3. Determine the average illumination ‘ . "
Station fe Station e in area hy wlving the equation: L " s =
il 1 ik . o R
-l el Averaze Humination = ,‘V-‘-l "qea -3 [T e o-ze
43
4 where: N = Number of luminaires. —lal ———lal A ———lal -
q L ]
q-3
g6 =
Total i
Aversge O = P = = : fe nn plane 30" above floar {[ES Method)

FEBRUARY 1963 How 1o Make a Lighting Sur

vey 95
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ILLUMINATION MEASUREMENTS—AVERAGE

TABLE 5F. REGULAR AREA WITH LUMINOUS OR LOUVERALL CEILING 1See instruction E.6)

Step | Step 2 Step 1 Step 4 i DG X .
Station fe Station fe Station fe Statien fe i ;
rl g-1 11 p-l ] ore !
.2 2 -2 p-2 i i
l'3 q- [ ar-1 i E'.'ll w
I- ;L ;
r< 1= e
Toul 1 [ ! ‘
Average R = Q= T = P= L T eer T TTTTT o_-i-"-"
4FT = alaf
- e
Step 5. Determine the averuge illumination in the area by solving the equation:
R RIL—8) (7 —8) +-801L—81 +-8T1 7 —=8) 464
Average [l = FL
wheer: = Width of room in feet:
= L = Length of roam in [eer.
= fr nn plane 307 .alwowe foore (1ES Methoeds
ILLUMINATION MEASUREMENTS-SPOT
|Footzandles at Point of Work and in Plane of Waork]
GereraL

Position the measuring instrument s thal when readings are
taken the surface of the light sensitive ceil is in the plane of
the work or of that portion of the work on which the critical
visual 1ask is periormed. horizontal, vertical or inclined.

TABLE 6. (See Instruction F)

Record work position in Table 6.
Take readings at night or with windows und/or skylights

covered.
Take readings with workers in normal working positions.

Plane Footcandles
+ 5 ; Height abeve| |horitontsl, Tatal

‘Waork paint Deseription of werk point “:' e e~ (qoneral = | Genaral anly
Jined) el ol

1—imax.}

2—'min.}

3—

L‘ - Pr——

s

Em

BRIGHTNESS MEASUREMENTS
(Foetlamberts from Specified Work Point Locatiom)
GESERAL

Footlambert surveys. unlike footcandle curveve, are 1o be
made under actual working conditions with the eombinations
of davlight and clectric lighting facilities available. Consid-
eration should be piven to sun position and weather conditions.
hoth of which may have marked cffect on hrightnesc distribu-
tion, All lighting in the area, boih general and supplementary.
saould be in normal use. Wourk arear used oniv in the dav-
lime should be surveved in the davtime: work areas used both
daytime and nighttime <hould preferably have two brighiness
wrveys made under the two ~rie of conditions, a5 the hright-
ness distribution and the possible comlort or dicenminet will
differ markedly at these limes. Nighttime ~urvevs should be
made with shudes drawn. Dazume <urvess shonld be mads-
with shades adiucted for hest enntrol nf davlight.

26 How to Make a Lighting Survey

Resd the instructions for using the brightness measuring
instrument emploved if not famiiiar with its use. Take practice
readings to acquire facility in balancing the brighiness of the
instrument fields before making the survey. \ tripod mouating
for the instrument will facilitate its use.

Check the dial pointer on the in-trument frequently duning
the survey and keep the pointer nn the index mark by adjust
ing the rheostat knob. If appreciable intervals of time must
intervene between readings, it i« well to tum off the compari-
-n lamp in the instrument.

On the fanr plan <ketch of the area. indicate which rxierior
wall or walls. if anv. were exposed tn direet sunlight during
the time of the surev by writing the word “Sun™ in the
pprapriate locatinn.

ILLUMINATING ENCINEERING
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BRIGHTNESS MEASUREMENTS (Continued)

TABLE 7. 1See instruction G

Brightness in Footlambarts
A ] [+ D E E

Location

Luminaire at 45° above eye level
Laminaire at 30° above eye level
Luminaire at 15° above eye level
Ceiling, above luminaire

Ceiling, between luminsires

Upper wall or ceiling adjacent to 1 luminsire
Upper wall between two luminaires
Wall at eve level

Dado

Floor

Shades and blinds

Windnws

Task

Immediate surroundings of task
Peripheral surroundings of task
Highest brightness in feld of view

De=cription of highest brightnesses, A through F e e e

Were hrightness readings taken during davtime nr mghmme’ .o . . [,

DAYLIGHTING
What davlighting means are provided? (See instrucson H-1) ... ... . - 505 s e

What daylight conurol means are provided? (See instruction H-2) y P P T AE P T

MAINTENANCE

What is regular cleaning schedule for luminaires? e B . [
When were luminaires last cleaned? i o : RONTAE e
What is lamp replacement schedule lSee instruction [-1) - On buruout’ Group repl t?

If group replacement, when was last replacemen! made? . T e crenen marermremnn e A AT e
What is group replacement interval? . S i
Parcentage of lamp burnouts found (See instruction l2'| e e i e e ettt it e
What is regular painting schedule? (See instruction I SR WAL s .
When was area last painted? . . ... . e AN o A o A A S
Is working atmosphere clean. average or dlrty’ e I . e e e ot e e e

GENERAL OBSERVATIONS ON THE VISUAL ENVIRONMENT « See instruction /1 *

What perrentage of workers ure subjected 1o undue direct glare conditions fram: General lighting svstem? Suppiementary
lighting? Daylighting? ...

What percentage of workers ace subjected to undue reflecied glare conditions from: General lighting svstem? e Supplemen-
tary lighting? Daylighting? ........._._.

If there are ad;usuble dlvllghl control means, are !her bcm; used as effectively as possible 10 minimize glare? S —
What percentage of workers are subjected to troublesome shadows at work point?

What is your opinion of the genersl lighting system? |good, jair, poor:

What is vour cpinion of the supplementary lighting? (good, air, poor) -

Rate the room as 2 whole from the standpoint of pleasantness and visual comfort nl wnrkeu tgood, fair, poor) e L T—
What changes. in your opinion, would eflect the most obvious improvement af the visual environment? S

Other romments: . —— . C e et

“tlhaervers who are not skifled 10 the art and seence of Humination shouid st rely un ther gudemeny :a snawering these Juestions. but shauid
sall un 4 competent Jluminating eagineer.

FEBRUARY 1963 How ta Moke a Lighting Survey o7



SUMMARY

A plant tour was conducted at McCall Pattern Company, Manhattan, KS.
The purpose of the visit ws to study visuual task lighting. Six areas in
McCalls were noted as having lighting problems. It was decided to study
these six areas in detail. A survey form "Task/work place lighting" with
sixteen items was used to collect the required information

A Sampson light meter was used to record light readings in the
vertical as well as in the horizontal plane. Throughout the plant the
light was provided with F%712/CW,WW 60 watt lamps. The rows of the
fixtures were 22.7 feet apart.

Overall illumination averge value was found to be 35 fc (horizontal),
To determine needed illuminance, the table in the IES Lighting Handbook
was consulted. All the activities at McCall's fall into catagory D (Task
with large size) or E (Task with small size) according to Table 1, with
recommended illumination levels of 20-30-50 fec and 50-75=-100 fc
respectively.

In Branch Service, Tissue Cutter, and Guide Press Areas the levels of
illumintion were below these standards and needed immediate improvement.
In the other three ares, Hand Folding, Fill in, and Discard the levels of
illumination barely met the standards. This situation of substandard
lighting can be improved either by lowering the fixtures, giving supple-
mentary lighting and replacing the burnt lamps or changing the system to
High Pressure Sodium (HPS). HPS lighting is 50% more efficient than
fluorescent lighting, If the company decides to spend money on the
improvement of lighting this would be a good choice except where color
must be discrimminated. From the author's viewpoint, it is strongly
recommended that the fluorescent system at McCall's should be replaced

with HPS.
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ABSTRACT

A lighting survey was conducted in McCall Pattern Company, Manhattan,
Kansas. This was done in order to study some visual tasks performed there
and the lighting conditions provided for each task. In order to record
the information required for the survey, a form titled "INFORMATION SHEET
FOR TASK / WORKPLACE LIGHTING" was used. This form was developed by the
author. After the plant tour six areas were decided to be studied in
detail because these areas were found to have illumination problems.

Every necessary information was recorded in order to analyze the situation
and then suggest some good alternatives which would prove better and
feasible in the years to come. It was found that in most of the aras,
changing over from fluorescent to high pressure sodium would produce

better illumination at lower cost.



