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Chapter 2

Manual Work and Worker-Machine
Systems



- Cycle Time Analysis

\ e Cycle time T ) Q

where

T, = time of work element k, where k is used
to identify the work elements (min)

n. = number of work elements into which a
cycle is divided.



Examplel: A repetitive Manual Task

\ e Current method: An assembly worker performs a repetitive task
: consisting of inserting 8 pegs 2Uslinto 8 holes in a board. A slightly
interference fit is involved in each insertion. The worker holds the
board in one hand and picks up the pegs from a tray with other

hand and inserts them into the holes, one peg at a time.
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Example 1: A repetitive Manual Task

= Current method and current layout:

Work Element Time, T,

Sequence Work Element Description (min)
| Worker picks up board with one hand and holds it. 0.08
2 Worker picks peg from tray and inserts it into hole in board. 0.06
3 Worker picks second peg and inserts it into hole in board. 0.06
B Worker picks third peg and inserts it into hole in board. 0.06
5 Worker picks fourth peg and inserts it into hole in board. 0.06
6 Worker picks fifth peg and inserts it into hole in board. 0.06
7 Worker picks sixth peg and inserts it into hole in board. 0.06
8 Worker picks seventh peg and inserts it into hole in board. 0.06
9 Worker picks eighth peg and inserts it into hole in board. 0.06

10 Worker lays assembled board into tote pan. 0.06

Total work cycle time
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A repetitive Manual Task

= |mproved method and improved layout:
= Use a work-holding device to hold and position the board
while the worker uses both hands simultaneously to
insert pegs.
" |nstead of picking one peg at a time, each hand will grab
« <l four pegs to minimize the number of times the
worker’s hands must reach the trays.
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A repetitive Manual Task

= Improved method

e ——
Work Element Time, 7',

Sequence Work Element Description (min)
1 Worker picks up board and positions it in workholder. 0.12
g Worker picks 4 pegs each with both hands from 2 trays
| and inserts them into 8 holes in board. 0.15
3 Worker removes board from workholder and places in tote pan. 0.10

Total work cycle time

= The cycle time is reduced from 0.62 min to 0.37 min.

u _(C Current— 'IM’}}V’OV@J-) /CTCUWM‘

<0-52—0‘34%62 = Ho 7




A repetitive Manual Task
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= |t is important to design the work cycle so as to minimize the
time required to perform it.

=  Of course there are many alterantive ways to perform a given
task. Our focus is on the best one.



One Best Method Principle

Before you standardize the method and time, determine
the best method for a task

¥ Of all the possible methods that can be used to perform a given
task, there is one optimal method that minimizes the time and

effort required to accomplish it

(Attributed to Frank Gilbreth)

o A primary objective of work design is to determine the best method

for a task, and then standardize its use

o This one best refers to an average worker with a moderate level of
skill, operating under normal working conditions with nominal

material quality and tool/equipment availability



Definitions | ]
Actual, Normal and Standard times
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Actual time (cycle time) <

The time a particular employee actually takes to perform a
particular operation (working at his own pace).

Normal time —

160 7. eFFiClenc ) )
"% The time needed to complete an operation by an employee
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working at normal/average pace and at 100% efficiency (no delays
and no time allowances).

Standard time (Allowed time)

The time needed to complete an operation by an employee

working at 100% efficiency with the consideration of PFD (with
time allowance). oo

Vel A
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Is the actual work time fixed? Or it differs from a worker to
another?



Cycle Time\Actual Time Variations

o Once the method has been standardized, the actual time

to perform the task is variable because of the following:
o Differences in worker performance
o Variations in hand and body motions
o Mistakes by worker
o Variations in starting work units
°  The learning curve phenomenon

o Extra elements not performed every cycle
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Normal Performance <> 00 ¢ eWiciang~

o

A pace (steady and consistent speed) of working that can

be maintained by a properly trained average worker

throughout an entire work shift without harmful short-
term or long-term effects on the worker’s health or

physical well-being.
Normal performance = 100% performance.
Common benchmark of normal performance

Example: Walking at 3 mi/hr
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Worker Performance < reddite Steed

o Defined as the pace or relative speed of working
o As worker performance increases, cycle time decreases.

o From the employer’s viewpoint, it is desirable for worker

performance to be high.

What is the reasonable pace/speed to expect from a worker?.
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T, = normal time (Time required to complete a task when working at normal

performance/normal pace)

P, = worker performance or pace

Actual time to perform a cycle depends on worker’s performance (Pw)



Example: Normal Performance

Given: A woman walks in the early morning for health and fitness. Her

D
usual route is 1.85 miles and she travels this distance in a typical time

W—

of 30 min. The benchmark of normal performance is 3 mi/hr.
- o VQ
C

Determine:
(a) how long the route would take at normal performance

(b) the woman’s performance when she completes the route in 30

min.
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Standard Performance
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o Same as normal performance, but acknowledges that periodic

rest breaks must be taken by the worker
o Periodic rest breaks are allowed during the work shift

* Federal law (USA) requires employer to pay the worker during

these breaks

¥ Other interruptions and delays also occur during the shift

How to take these factors into consideration when calculating the

time?



/" | (What is PFD Allowance?)

| ' Personal, Fatigue and delay Allowance
\

| To account for the delays due to:
= Personal time (P)
o Bathroom breaks, personal phone calls
= Fatigue (F)

o Rest breaks are intended to deal with
fatigue

o Delays (D)
° |Interruptions, equipment breakdowns

The allowance time also depends on the work environment as
well as the nature of work.



Standard Time (or Allowed Time)

Defined as the normal time but with an “allowance taken
into account” for losses due to personal time, fatigue,

and delays

oy, = T (1% @pm\

where T, = standard time, T, = normal time, and A, =
PFD allowance factor

Hence , the standard time is the amount of time that should be
allowed for an average worker to process one work unit using the

standard method and working at normal pace.



Irregular Work Elements

Elements that are performed with a frequency of less than once
per cycle. In other words, it is performed every n number of

cycles where n is greater than 1.

o Examples:

* Changing a tool

* Exchanging tote pans of parts
o Irregular elements are prorated (distributed) into the

regular cycle according to their frequency




— -

Standard Hours and Worker Efficiency

Two common measures of worker productivity are used in industry:

(a) Standard Hours and (b) Worker’s Efficiency.

(a) Standard Hours — represents the amount of work actually accomplished

oy = @ Gy
Where H,,:is the Standard Hours, and Q: is the actual quantity produced during the

standard hours.

(b) Worker’s efficiency (E,) — work accomplished as a proportion of shift hours
HstJ
Hsh

E"U =
Where H,,is the standard hours and H,, is number of hours per shift (e.@

Note: H., should be calculated based on the Q produced in one shift (measure =H;)



/ Actual Worked Time and The Quantity

| ' produced
'
& (a) Actual Worked Time

Lost time = Shiv+t AiMe — Actuad - worled Frume

Shift time = A ctual wor kg e x (1 Po_ )
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(b) The quantity produced (Q)
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Example: if the shift time is 8 hours and the PFD allowance is 15%,

determine the actual worked time by a worker.

¥ S%ll%%;‘M@ - QJU"J Fride LUQW\IQ‘(_‘ ~ ( I+ QPFJ}
g = Adtod Fie worked x (14 15

Actval File worke) = 5996 hr)

1
1@
Example: The normal time@to manufacture a part is 3 hours and the
W
worker’s performance if 90%. Calculate the quantity produced in one 8

hours shift, given that the PFD allowance is 15%

P
* W=

'

—— _ n =_3_,\,. — .
- = /m os 3-33 hrep

-+ Advd e Wer ke = & 956 hry
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Example: Determination of The Standard Time

Given: The normal time to perform the regular work cycle is 3.23 min.

In addition, an irregular work element with a normal time of 1.25 min

is performed everyg cycles. The PFD allowance factor is 15%.

Determine:

a) The standard time

‘&,l'MQ we r ik g~ 8 x 6o
b 0= T Ty
oty
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The number of work units produced during an 8-hr shift, if the e g~
worker's pace is consistent with standard performance._lﬁ——-’ré) q(;hjcu( HMe  — } — 5‘-95@
‘15
c) Determine the anticipated amount of time lost per 8-hour shift. Wor ke l
d) Determine the production rate when worker performance is Q _ ~6-966 4—9’3 — 12 Uﬂffat\
I+ .
@ T, = 3823 + .,_52 = 3-48 M| O lasgie = 8 — 6956 = 1ouuhr
\y
T — = - 4 - /))UJ - a
— B 3-u3 o ) .
= 348 (11 o15) = U Min To= g = ae = 2 ¥6 win
4§ 956 *+ 5o ] o<
= = = 150
e 2-+& Uy
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Example: Standard Hours and Worker’s Efficiency

Given: In the previous example, T, = 4 minutes and the worker’s
v~

performance during the shift is 125%,

Standard Time  T3=T, (1 + Apsp)

Determine: (a) Hy,, (b) E,,.

Quantity Q= Actual time worked/Tc
D Hgry = & Tony = 190 % 4
—= GHoo Mints = |0 hY\J
HS
y \O ,
@ E, = ;Etf\ = -—=0 = 125,
w Hel, @)

E, is equal to the worker’s performance for two reasons:

o The number of hours actually worked is consistent with 15%
allowance factor.

o The entire work cycle consists of manual labor.
So, worker efficiency = worker performance (rate)
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Example: Standard Hours and Worker’s Efficiency 3 - Hetd

% —— —_—
Hoh
In the previous example, assume that the actual worked hours i — 1.333
—— /A

hr, determine

(a) The number of units produced
(b) Number of standard hours accomplished

(c) Worker efficiency

@) Ty = 3:u8
T 3B 228w
— 4),) - lag J

1'”1%60 .
= . ~ = 160 dn
o= F -

O Asyy = @ Tgy

= |60 C'%)
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Standard hours and worker efficiency
as affected by hours actually worked

Note that in this example worker efficiency, E,, and worker pace,
P, are not equivalent.

The reason for that

(e]

Actual work hours of that labor (7.42—given in the example) is
greater than the allowed time (or anticipated work time, which is

found to be 6.956 hr)
=

That is, on that specific day, the worker delays (8-7.42=0.58hr) and
the rest breaks are less than the anticipated time loss due to PDF
allowances (1.044hr).



Important Note:

When a worker works at a performance
level greater than 100% and his or her
actual time worked during the shift is
consistent with or greater than what is
provided by the allowance factor, then the
number of standard hours accomplished
will be greater than the number of hours in

the shift.



Problem 2.3 @ =103 “nte

C
e The normal time to perform a certain manual work D Ty = 33y Mvn
cycle is 3.47 min. In addition, an irregular work element
whose normal time is 3.70 min must be performed
every 10 cycles. One work unit is produced each cycle. QCT
. . v Wetrk houng = £-2 hry
The E@ aI.Iowance factor |s Determine (a) the.
standard time per piece and (b) how many work units 2.8y
are produced during an 8-hour shift at 100% ‘c = < = :
P 12
performance, and the worker works exactly|(7.018 hr,
which corresponds to the 14% allowance factor. (c) If
the worker’s pace is 120% and he works 7.2 hours Q =
during the regular shift, how many units are produced?

PLO = |20 .

T2 %+ So
3- R

@ Ty = 3HF + va‘-i = 284 win

—‘_S-I-A. = _rn (l—!' QQF&}

= 3-3y (\—1—0-1u\ = W3€8 M

@ @ oo ——lz:—l— — 884

C

Q _ a (fud Werk houry
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1'0\8%63\
— 3-8y
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e+~ Workér-Machine Systems

"~ =" A worker operating a piece of powered equipment

>

| = Examples:

(0]

Machinist operating a milling machine

(0]

Construction worker operating a backhoe

(0]

Truck driver driving an 18-wheeler

(0]

Worker crew operating a rolling mill

(0]

Clerical worker entering data into a PC




Relative Strengths

Humans: Machines
1. Sense unexpected stimuli 1. Perform repetitive operations
2. Solve problems consistently
3. Cope with abstract problems 2. Store large amounts of
information
4, Adapt to changes
, , 3. Retrieve data from memory
5. Generalize from observations
reliably
6. Make decisions on incomplete
data 4. Apply high forces and power

5. Make routine decisions

quickly



 Classifications of Worker-Machine
. systems

* Types of Powered Equipment
* Numbers of Workers and Machines
* Level of Operator Attention



Types of Powered Equipment

1.  Portable power tools

> Portable power drills, chain saws, electric hedge

trimmers
2. Mobile powered equipment

> Transportation equipment, back hoes, forklift trucks,

electric power generator at construction site

3. Stationary powered machines

> Machine tools, office equipment, cash registers, heat

treatment furnaces



|

Portable power tools

Portale power drills, chain saws,

Classification of Powered Machinery

R
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electric hedge trimmers

Mobile powered equipment

Transportation equipment

Cars, buses, trucks, airplanes

Powered machinery

Transportable and mobile

Tra

ctor, bulldozers, backhoes, forklifts

Transportable and stationary

Electric power generators

Stationary powered machines

Machine tools

Turning, drilling, milling

L&
=Y

Office equipment

PCs, photocopiers, telephones

Other machinery

Ovens, cash register
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Numbers of Workers and Machines

\ g One worker and One o One worker and

machine Multiple machines

o Taxicab driver and taxi o Machine cluster

- Multiple workersand | *  Multiple workers and

One machine Multiple machines

> Ship's crew ° Emergency repair crew
responding to machine
breakdowns




Level of Operator Attention

1. Full-time attention

> Welders performing arc welding

2. Part-time attention during each work cycle

> Worker loading and unloading a production machine on a semi-
automatic cycle (longer than periodic attention)

3. Periodic* attention with regular servicing

o Crane operator in a steel mill ( at known time intervals)

4, Periodic attention with random servicing

(¢]

Firefighters responding to alarms (at unknown time intervals)

*Periodic means happening or occurring at intervals



Two welders performing arc welding on pipe - requires full-time attention

of workers (photo courtesy of Lincoln Electric Co.)



Cycle Time Analysis

Two categories of worker-machine systems in terms of cycle time

analysis

> (a) Systems in which the machine time depends on

operator control

Carpenter using power saw to cut lumber
Cycle time analysis is same as for manual work cycle

@Systems in which machine time is constant and

independent of operator control

Operator loading semi-automatic production machine



Workers and Machines — Internal &
External Work Elements

1 = Some worker elements are performed while a machine is

working:

> |Internal work elements are performed simultaneously with

machine cycle (overlap between elements)

o External work elements are performed sequentially with

machine cycle (no overlap)

o Desirable to design the work cycle with internal rather than

external work elements



Worker and Machine — External work elements
(No overlap — sequential)

» Worker elements and machine elements are sequential

o While worker is busy, machine is idle

o While machine is busy, worker is idle
e Normal Cycle time (T, )

T T+ Ty

e Standard Cycle time (T,,,)

o = T Cr B, ) T G oay)

Where T, is normal time for the worker, T, is machine cycle time

and A, is machine allowance factor (The machine allowance is added to the

basic time to compensate for the operator having to temporarily stop work to do

small maintenance tasks)



Example: Worker-Machine Systems

Solve it yourself
“Tho

* On a semiautomatic machine, the normal time of manual work is 1.0

min and the machine time is constant and equal to 2.0 min. The A ¢,

T
is equal t@ Y

» (a) Estimate the cycle standard time when: A_=0.0and A, = 30%.
Toao = Tow(L+A ) + T, (L+A))

* (b) Estimate the worker’s efficiency with A, = 0.0 when 150 units are

produced in 8-hour shift.

* (c) Estimate the worker’s efficiency with A_ = 30% when 150 units
Y m

are produced in 8-hour shift.

2

@al = )ﬂtd (H— APF&\_‘_\M (l—i—QM)
when Ay = o
-_T’S:-A = t(\*—o-lg) + 2(1—\-0)
= 315 Min
o i (tvxo15) + 2 (+03)

= 3 %5 Min
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Hopg = © Toyy O
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9-3Fs
G = v = it
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Example: External Work Elements (sequential)

Worker Time Machine Time
Sequence ~ Work Element Description (min) (min)
1 Worker walks to tote pan containing raw stock 0.13 (idle)
2 Worker picks up raw workpart and transports to machine 0.23 (idle)
3 Worker loads part into machine and engages machine 0.12 (idle)
semiautomatic cycle
4 Machine semiautomatic cycle (idle) 0.75
3 Worker unloads finished part from machine 0.10 (idle)
6 Worker transports finished part and deposits into tote pan 0.15 (idle)
Totals 0.73 0.75

For these external work elements (sequential), the cycle time is:

T =2 F3 +~o-F5 = 1-48§ Mn



/- Normal Time and Standard Time for Worker-Machine
Systems — Internal Work System (Simultaneous)

\ e Normal time

' = Thp T Max (anc' ’ W)

\

nw: normal worker time , m: machine cycle time, A: allowance, nwi: sum of the

worker times needed for (i) elements simultaneous with machining

e Standard time

N\

™ _\n‘w(wﬁ,pwj + Max o, (r+ Aory ) )—\MCL+ QM> >

[l

e Actual cycle time (manual work is based on worker’s performance)

- 1, ., .
' p— -——'v;co + Max nae y _)_;1 >
C W PUO
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Example: Improved method (internal work

elements —simultaneous tasks)
Worker Time Machine Time
Sequence Work Element Description (min) (min)
b Worker unloads finished part from machine 0.10 (idle)
2 Worker loads part into machine and engages 012 (idle)
semiautomatic machine cycle
3 Machine semiautomatic cycle 0.75
4 Worker transports finished part and deposits 0.15+0.13 +
it into tote pan, walks to tote pan containing 0.23& 0.51
raw stock, and picks up raw workpart and
transports it to machine. (This element is
internal to the machine semiautomatic cycle.)
Totals 0.73 0.75

Re-arrange ( no combination as it is difficult to reduce the number of tasks) the tasks
and pgrform the first three tasks (1-3) simultaneously to the machine cycle (worker
task 4 is simultaneous with machine task 3).

_ For parallel elements onl

TIc=T1,/P, (or T,)+Max{T,, /P, (or T), T}

wi

T~ = o- :
c b +0 12 3+ Max (0-!51—o~1’3'\~°‘23 J 0'#5>
| S

= 01 +012 +0.%F5 0.5

1. = ©:9¥% ™M



Formula summary

Standard Time  T,,=T, (1+Ay)
Quantity Q= Actual time worked/Tc
Standard Hours H_,=QT,,

Worker Efficiency £, = H,;/ Hpipe

Worker Performance P,=T./T.

N.B:

The worker’s performance measure does not consider time allowances and

waste of time between cycles, but the worker’s efficiency does.



Problem

* The work cycle in a worker-machine system
consists of (1) external manual work elements
with a total normal time of 0.42 min, (2) a
machine cycle with machine time of .12 min,
and (3) internal manual elements with a total
normal time of 1.04 min.

* (a) Determine the standard time for the cycle,
using a PFD allowance factor of 15%, and a
machine allowance factor of 30%.

* (b) How many work units are produced daily
(8-hour shift) at standard performance!?

S - P .
5 ey = w i ey ) + Max K @ il
T C1+8)

— 0-42(\+D~!%> + Max ("046(%0"’5)
12 (1 4+ 0-3)

= 0:42015) + Max (1196 156 )
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Problem 2.6 7SO actvd Fide wWertey = - 13 = HEE My
° | Ml'Ydj
A worker performs a repetitive assembly task at a Q@ =F5 Untk
workbench to assemble products. Each product consists of
25 components. Various hand tools are used in the task. T Actin] F7Me woriced
The standard time for the work cycle is 7.45 min, based on = ®, -
using a PFD allowance factor of 15%. If the worker
complete roduct units during an 8-hour shift, _ HE £ _ :
P .@p 8 = = = & 22T MO/PC:
determine (a) the number of standard hours
accomplished and (b) worker efficiency. (c) If the worker o
took only one rest break, lasting 13 min, and experienced _VS-f& = Cl+ ’QPFJ- )
no other interruptions during the 8 hours of shift time, o4 g |
determine her worker performance. T = = G6-u¥F3 M)/
R PC
o = F-45 Min B - Th 6“‘3% — ey
Qp‘:& = 157 = —-\_C, S’QQT_
- — | '
Q@ = F5 un'ts - 8hr Shre oH
@ HS+(\~ = Q—TS—'FJ- = _—F5 =" "Tf-blg/( NN T War U
o
= §-313(hr
Hsy 9-313
(5 £ = ufé" = 2 T T, = 6y =NE-yy
Sh 0
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Problem 27 @ Q@ = 83 uUn/'t¢ Q~hy (h &&=

: : : H =
The normal time of the work cycle in a worker-machine > @ LSS

system is 5.39 min. The operator-controlled portion of the - 85+ 6-889 % = I-t8 hi
cycle is 0.84 min. One work unit is produced each cycle.

MSAANASNANAAS

The machine cycle time is constant. (a) Using a PFD - Hetd  3- 6 _ o2 = 122 7.
allowance factor of 16% and a machine allowance factor A T A &

of 30%, determine the standard time for the work cycle. oh

(b) If a worker assigned to this task completes 85 units

during an 8-hour shift, what is the worker’s efficiency? (c) @ e Workeh = UBo — U2 __ o

If it is known that a total of 42 min was lost during the 8-

hour clock time due to personal needs and delays, what oll MChine tinte = 55 % 85 = @ Nin
was the worker’s performance on the portion of the cycle

he controlled?
Foul oferdor tite = H38 — 386-FS =512

M.n
—_‘ﬂu): 08\‘| M agtod—
T =5-3 N e Woniced
—--[-“-/1 :5.33 _0_8,{ = 455 mi n \_CJ ——[E _ fdw r-)-l e 01\ﬂ’v
o
9 St I”‘D(H_Qp"_odﬂ_—mcl—\—‘qy _Eubzv'gg — 0o-(K
Syl
=0-84 (1+016 )+ 455 (140-3)
Po = o - 281 g5z
= 139-3 /.
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Problem 2.1 |

The normal time for a work cycle in a worker-machine
system |@7:r’njrl) For setting the standard time, the PFD
allowance factor is 12%, and the machine allowance factor
is 25%. The work cycle includes manual elements totaling
a normal time ofé_.g_% min, all butmin of which are
performed as internal elements. Determine (a) the
standard time for the cycle and (b) the daily output at
standard performance. (c) During anhour shift, the
worker Iostmin due to personal time, rest breaks, and
delays, and she produced 72 pieces. What was the

worker’s pace on the operator-controlled portion of the
shift?

@ Ty =965
B — 624 — o085 = 562 Min

ey -——\—YMCH-«QPFJ) 4+ Max b‘”" (1+ \QPFJB )—\M(\—\— QM) )

— O-65<}-12> + Max (5-:27.(/417) ) ‘5-5Q<1‘Q’5)>

= o0.-%28 + TF-.-025 = 7’?53@
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C) —TMme = Uufo — 39 = HH] Mn
Wer Ke -
Q= F2 PC

Aoy Michine tiMe = F2 #7562 = uzﬁfq

f)ﬁw (UOY‘{'(Q(\ Gih?lle{k\ = Uy — o Y-8y

Ame = 3635 Min
T _ Actinl F1Me Workes 3636
CLD - — ¥ —_— '—_-F,Q s
@
pr— DSOS
ey = 965
- o-65
Tcw IS0 5
— \2%-F 7
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End oF Ch (@D
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