Motion and Time Study



The Goals of Motion Study

* Improvement
e Planning / Scheduling (Cost)
o Safety



Know How Long to Complete Task for

e Scheduling (Sequencing)
o Efficiency (Best Way)
o Safety (Easiest Way)



How Does a Job Incumbent Spend a Day

 Value Added vs. Non-Value Added



The General Strategy of IE to Reduce and
Control Cost

Are people productive ALL of the time ?
Which parts of job are really necessary ?

Can the job be done EASIER, SAFER and
FASTER ?

Is there a sense of employee involvement?




Some Techniques of Industrial
Engineering

 Measure
— Time and Motion Study
— Work Sampling
e Control
— Work Standards (Best Practices)
— Accounting — Labor Reporting
* Improve
— Small group activities



Time Study

e Observation
— Stop Watch
— Computer / Interactive

* Engineering Labor Standards (Bad Idea)
 Job Order / Labor reporting data



History

e Frederick Taylor (1900’s)

Studied motions of iron workers — attempted to
“mechanize” motions to maximize efficiency —
Including proper rest, ergonomics, etc.

 Frank and Lillian Gilbreth used motion picture to
study worker motions — developed 17 motions
called “therbligs” that describe all possible work.



Motion Study

TABLE 7-1

Therblig Name Symbol " Color Designation Symbol
Search S Black ' <>
Select SE Gray, Light —
Grasp G Lake Red O
Reach RE Olive Green T,
Move M Green ~o
Hold H Gold Ocher -
Release RL Carmine Red i
Position P Blue 9
Pre-position PP Sky Blue 8
Inspect ! Burnt Ocher 0
Assemble A Violet, Heavy #
Disassemble DA Violet, Light +#
Use u Purple U
Unavoidable Delay ub Yellow Ocher —
Avoidable Delay AD Lemon Yellow —0
Plan PL Brown ?
Rest to Overcome Fatigue R Orange




I TABLE IV—-GRASP—G
TABLE |—REACH—R !
Distancs Time TMU Hand In CASE AND DESCRIPTION Case | Time ' DESCRIPTION
Moved Motion TMU ;
Inches 5 & c I;' e & s |A F_leach to object in fixed Ill):l- 1A 20 | Plek Qp Grasp—Small, medium or large object by itself, easily grasped.
| T tion, or to object in other 1B 3.5 Very small object or object lying close against a flat surface.
"1““ 2 3 : ;g !:I'» 1: hand or on which other hand 1Ct 7.3 Interference with grasp on bottom and one side of nearly eylindrical
3 2“0 401 5 21 3513 rests. object. Diameter larger than 14°.
31 62 : i [ - - . 1cz| a7 Interference. with grasp on bol i
e e e saas el @ Roach to single object in bjoct " Diametr 3~ to Jaro "4 O"® vide of nearly oylindrica
5 =T 78194 741 63 6. location which may vary 1c3 | 108 Interfersnce with grasp on bottom and i
|’ 'r.(' 3.6 1101 | 8.0 71 5. slightly from cycle to cycle. object. Diameter less than (. i "“"., Syhipdeiont
i 7.4 .3 [10.8 | 8.7 s X 2 : U 2 6.6 Regrasp. .
] 7.9 [10.1 | 11. E .5 | 7.2 || C Reach to object jumbled with 3 T
] 3.3 | 10. a K 9] 7. other objects in a group so rry g o e g :
10 8.7 |11.56 [12.9 [10.5 B. i that search and select occur. 7.3 tfun j#n; 10' x“;". other objects so search and select occur. Larger
12 9.6 }12. 4. 1. 8 10.1 |} L .
14 10.5 | 14.4 i.l 3 111.5 | D Reach to a very small object 48 9.1 0!;]-}:‘! J:::n?l.og :v;tl; :t'lror objects so search and select occur. 1 x i*
€ 11.4 115.8 - 2 -T_112. or where accurate grasp is - .
E A ; 4C 12.9
1!0 :.. 2 |1 : ! 5 11 .J 4 required. 2 OI: o.c': ]*Tl:‘lo!cfl :n;tl;‘o.t.har objects so search and select occur. Smaller
22 o e L L Sy E Reach to indefinite location 5 0 | Contact, sliding or hook grasp.
S LRI L FRIENE to get hand in position for
’_'_z' 24.4 |125.3 |21. 4.5 body balance or next motion TA'lE v—’osn'|°N'-'
30 5 | 258 [26.7 [22.9 | 163 or out of way.
CLASS OF FIT Sym Easy Te DifMeult Te
metry | Wandie Handle
—-— — S 5.6 11,2
TABLE lI—MOVE—M 1—Loose | No pressure required SS 9.1 14.7
Time TMU Wt. Allowance NS Y] 6.0
Distance
Moved Hana ll o | re.l e CASE AND s 16.2 21.8
inehe Ml::lm (Ib.) ::r- m:-g DESCRIPTION 2—Close | Light pressure required S8 19.7 25.3
Al sl c | B ||veee T™MU NS 21.0 26.6
S 430 48.6
] 1.
2 orlese 3 :' ‘!:o ;j ; el B ¢ . 3—Exact | Heavy pressure required. SS 46.5 52.1
3.6] 46| 6. : 75 | 108 | 2z ||A Move object to NS 47.8 534
T h‘r :ll l:g otherhandoragainet *Distance moved to engage—1" or less.
4 B B v (]
T80l 9z1 50 1| 125 | 111 39 stop. a2a
:.q: 3 : s | 147 | ss TABLE VI—RELEASE—RL TABLE Vil—DISENGAGE—D
e itstizrt To ] 22 | 1.22 74 Ca CLASS OF Easy to | O'"eoult
1 1.3 [ 12.2] 135 | 8. i B Move object to = | vae | eeRERON FIT  |Handie | natute
12 5 [13.4 [16.2 100 | 275 | 1.28 | 9.1 approximate or in- o o - -
| 14 4.4 1 14.6 { 16. 4 definite location. 1 2.0 |Normal releass per- offort, blends with
16 .0 | 15.8 | 18. 2 W5 | 133 (108 formed by opening subsequent move.
18 17. 7.0 | 20.4 | 14. i # fingers as independent
20 19.2 148.2 | 22.1 [ 15.¢6 motion. 2—Close — Normal 7.6 1.8
—_— LB R = = effort, slight recoil.
22 | 20.8 | 19.4 | 23.8 |17.0 || 375 | 1.39 |125 i e =
” P A ght — Consider- T
g 22:: ;uﬁ . : 25 | 1.44 l1a3 C Move ot!jﬂ:t to ex 2 0 Contact Relsase. able affort, hand re-
7 act location. coils markedly.
28 |25 [ 23.1 | 29.0 2
0 271 243 | 30.7 | 22.7 47.5 | 1.50 | 16.0
— —T AND AP
SATIE (NTURN AnD AT MOV TABLE VIll—EYE TRAVEL TIME AND EYE FOCUS—ET AND EF
Time TMU for Degrees Turned
Waight 30° |45° | 60° | 75° | 90° [105°[120°]135°}150°] 165°| 180~ Eye Travel Time =152 x%—TMU. with a maximum value of 20 TMU.
Small— Oto 2Pounds| 2.8] 3.5]| 4.1] 48] 5.4| 6.1} 6.8] 7.4] 8.1 8.7]| 9.4 where T =the distance between palnts from and te which the eys travels.
Medium—2.1 to 10 Pounds | 4.4| 5.5] 6.5] 7.5] 8.5] 9.6 [10.6{11.6]12.7[13.7]14.8 D =the perpendicular distance from the eye to the line of travel T.
Large— 10.1 to35 Pounds | 8.4 {10.5112.3)14.4]16.2 [18.3|20.4]22.2(24.3] 26.1|28.2 Eye Focus Time=7.3 TMU,
APPLY PRESSURE CASEA—10.6 TMU. APPLY PRESSURE CASEB—16.2 TMU




TABLE 19-4 (concluded)

TABLE IX—BODY, LEG, AND FOOT MOTIONS

——
DESCRIPTION SYMBOL DISTANCE TIME TMU
Foot Motion—Hinged at Ankle. FM Up to 4° 8.6
With heavy pressure. FMP 19.1
Leg or Foreleg Motion. LM — Up to 6” 74
Each add’l. inch 1.2
Sidestep—Case 1—Complete when lead- §S-C1 Less than 12° | Use REACH or
ing leg contacts MOVE Time
floor. 122 17.
Each add’l. inch 6
Case 2—Lagging leg must $§s-C2 127 LR
contact floor before Each add'l. inch 11
next motion can be
made.
Bend, Stoop, or Kneel on One Knee. 8,5, KOK 29.0
Arise, AB,AS,AKOK 31.
Kneel on Floor—Both Knees. KBK 9.4
Arise. AKBK T76.7
Sit. SIT u.r
Stand from Sitting Position. STD 43.4
Turn Body 45 to 90 degrees—
Case 1—Complete when leading leg T8C1 186
contacts floor.
Case 2—-Llfging leg must contact floor TBC2 31.2
before next motion can be
made.
Walk. W-FT. Per Foot 6.3
Walk. W-P Per Pace 16.0

TABLE X—SIMULTANEOUS MOTIONS

REACH MOVE GRASP POSITION DISENGAGE
G1A| PINS
h.cla|c.ola.em| 8 | ¢ |az |cim |ca |Pis |eiss (Pass joic| D2 CASC MOTION
Gs | Gic pz5_ | P2Ns | DD
. . s T s | wfl = -
wlo| wlo|w|o|w|o wlo| wlolrlole]ofe]o e|o
AL
[ REACH
€.b
A, Bm
[ ] L]
D-I:A'SV to <
perform
simultaneously. G1A, 02, a8
7| =Can be performed RASP
aimulhr?oouﬂy with AL =
PRACTIC [ as
I-DIFFICULT to perform
limullano‘:'l:ﬂy ;vter?lanav long ()
practice. Allow both times.
Piss, P18 POSITION
MOTIONS NOT INCLUDED IN .l.
ABOVE TABLE [ | Pivs, Pzss, Pans
TURN—Normally EASY with all motions except
whan TURN is controlled or with DISENGAQE. loloals =
APPLY PRESSURE—May be EASY, PRACTICE, or o2
DIFFICULT. Each case must be analyzed.

POSITION—Class 3—Always DIFFICULT.

W

DISENGAGE—Class 3—Normally DIFFICULT. e

RELEASE—Always EASY, 5 |

DISENGAGE—Any class may be DIFFICULT If care E=EASY 10 basdle. f
must be exercised to avoid injury or damage to object. D=BIFNCULT to handle. |

VITM Association for Standards and Research, Fair Lawn, New Jersey



GET

PUT

GET WEIGHT
PUT WEIGHT
REGRASP
APPLY PRESSURE
EYE ACTION
FOOT ACTION
STEP

BEND & ARISE
CRANK

O

owm'rlrrl}:ug



S o kW

Time Study (Stopwatch
Measurement)

List work elements

Discuss with worker

Measure with stopwatch (running VS reset)
Repeat for n Observations

Compute mean and std dev of work station time
Be aware of allowances/foreign element, etc
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Typing Z%%5 Filing General Work 777 Telephone MMMl ReceptionE==23 Personal
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Figure 1. Activity-Timestudy of a Secretary for One Day




Work Sampling

Determined what iIs done over typical day
Random Reporting
Periodic Reporting




Learning Curve

For repetitive work, worker gains skill,
knowledge of product/process, etc over

time
Thus we expect output to Iincrease over

time as more units are produced over time
to complete task decreases as more units

are produced



Traditional Learning Curve

Typical productivity increase graph

Cusolalive Awprags
Unir Tima




Actual Curve

Py
N

1st

2nd 3rd

Change, Design, Process, etc



Learning Curve

« Usually define learning as a percentage reduction
In the time It takes to make a unit.

« The definition says a doubling of the total number
of units made produce a constant decrease In the
time per unit

e An 80% learning curve implies a 20% decrease In
unit time with each doubling of the number
produced (90% implies 10% decrease, 100%
Implies no improvement)



Learning Curve

e For an 80% learning Curve:

unit Unit Time (hours)
1 10

2 (.8)(10) =8

4 (.8)(8) =6.4

8 (.8)(6.4)=5.12

16 (.8)(5.12)= 4.096



Learning Curve

* \We can also compute the time to complete
the n™" unit based on the learning %, and the
time for the 15t unit

Tn=T1xn"b

Where, b = (natural log of learning %) /
(natural log of 2)



Learning Curve

* From Previous 80% learning curve
example:
b=1In(.8)/In (2)
= -.22314/.69315
-.322

For 3" unit:
T3=T1 (37 (In(8)/In(2)))
T3=T1(.702)




Learning Curve

o Can plot using log/log paper as a straight
line and can also got unit curve and average
curve



Learning Curve Applies

e Mass Production — Assembly line
e G.T. Cell — Repetitive work
e Other places where rep. Works performed.



