Solutions Manual: Ch13-Direct Time Study-s


Review Questions

13.1 Define direct time study.

Answer: Direct time study is the direct and continuous observation of a task using a stopwatch or other timekeeping device to record the time taken to accomplish the task. While observing and recording the time, the worker’s performance level is rated. These data are then used to compute a standard time for the task, by adding an allowance for personal time, fatigue, and delays.

13.2 Identify the five steps in the direct time study procedure.

Answer: The five steps are as follows: (1) Define and document the standard method. (2) Divide the task into work elements. (3) Time the work elements to obtain the observed time for the task. (4) Rate the worker’s pace to determine the normalized time. Steps 3 and 4 are accomplished simultaneously. (5) Apply allowances to compute the standard time.

13.3 Why is it so important to define and document the standard method as precisely and thoroughly as possible?

Answer: The reasons given in the text (paraphrased) are as follows: (1) to provide work instructions for future batches, (2) to distinguish if the worker has made methods improvements which might justify retiming the task and setting a new standard, (3) as a reference document to settle disputes and complaints by the worker, and (4) to provide data for a standard data system that might be implemented at some future time.

13.4 What is the snapback timing method when using a stopwatch during direct time study?

Answer: In the snapback timing method, the watch is started at the beginning of every work element by snapping it back to zero at the end of the previous element. The reader must note and record the final time for that element as the watch is being zeroed.

13.5 What is the continuous timing method when using a stopwatch during direct time study?

Answer: In the continuous timing method, the watch is zeroed at the beginning of the first cycle and allowed to run continuously throughout the duration of the study. The analyst records the running time on the stopwatch at the end of each respective element. Some analysts adapt the continuous method by zeroing at the beginning of each work cycle, so that the starting time of any given work cycle is always zero. 

13.6 Why is performance rating a necessary step in direct time study? 

Answer: Performance rating is necessary when the worker is performing the task during the time study at a pace that is different from the organization’s definition of standard or 100% performance. Performance rating converts the observed time into the normal time, which is the time that would be required at 100% performance.

13.7 Why is an allowance added to the normal time to compute the standard time?

Answer: The allowance is added to the normal time in order to account for various reasons why the worker may lose time during the shift. The main reasons for an allowance are personal time, fatigue, and unavoidable delays (PFD).

13.8 What are some of the causes of variability in the observed work element times that occur from cycle to cycle?

Answer: The reasons include (1) variations in hand and body motions, (2) variations in the placement and location of parts and tools used in the cycle, (3) variations in the quality of the starting work units, (4) mistakes by operator (e.g., accidentally dropping the workpart), (5) errors in timing the work elements by the analyst, and (6) variations in worker pace.

13.9 Why is the student t distribution rather than the normal distribution used in the calculation of the number of work cycles to be timed?

Answer: The student t distribution is used in the calculation because the sample size in direct time study is usually smaller than 30, and so the distribution of observed time values is more accurately represented by the student t distribution.

13.10 What is the difference between elemental performance rating and overall performance rating?

Answer: In elemental performance rating, the analyst rates the performance of the worker for each work element. In overall performance rating, the analyst rates the performance of the worker for the entire work cycle.

13.11 What are the characteristics of a well-implemented performance rating system?

Answer: The characteristics include the following: (1) Consistency among tasks. The performance rating system should provide consistent ratings from one task to another. (2) Consistency among analysts. The performance rating for a task should not depend on which time study analyst does the rating. (3) The rating system should be easy to explain by the analyst and simple to understand by the worker. (4) The rating system should be based on a well-defined concept of standard performance. (5) Machine-paced elements should be rated at 100%. (6) The performance rating should be recorded during the observation of the task, not afterward. (7) At the end of the time study observation session, the analyst should inform the worker of the performance rating that was observed. 

13.12 What are the advantages of electronic stopwatches compared to mechanical stopwatches?

Answer: The advantages include (1) the digital display is easier to read than the graduated mechanical dial, (2) reading errors are less frequent, (3) lighter weight and generally less susceptible to damage when dropped, (4) more accurate and precise, (5) some electronic watches can be switched back and forth between different time scales, (6) they can be used for either in the continuous timing mode or the snapback mode, and (7) electronic stopwatches are less expensive than mechanical stopwatches.

Problems

Note: Some of the problems in this set require the use of parameters and equations that are defined in Chapter 2.

Determining Standard Times for Pure Manual Tasks

13.1 The observed average time in a direct time study was 2.40 min for a repetitive work cycle. The worker’s performance was rated at 110% on all cycles. The personal time, fatigue, and delay allowance for this work is 12%. Determine (a) the normal time and (b) the standard time for the cycle.

Solution: Normal time Tn = 2.40(1.10) = 2.64 min

Standard time Tstd = 2.64(1 + 0.12) = 2.957 min

13.2 The observed element times and performance ratings collected in a direct time study are indicated in the table below. The snapback timing method was used. The personal time, fatigue, and delay allowance in the plant is 14%. All elements are regular elements in the work cycle. Determine (a) the normal time and (b) the standard time for the cycle.

	
	Work element
	a
	b
	c
	d

	
	Observed time (min)
	0.22
	0.41
	0.30
	0.37

	
	Performance rating
	90%
	120%
	100%
	90%


Solution: Observed time Tobs = 0.22 + 0.41 + 0.30 + 0.37 = 1.30 min

Normal time Tn = 0.22(0.90) + 0.41(1.20) + 0.30(1.0) + 0.37(0.90) = 1.323 min

Standard time Tstd = 1.323(1 + 0.14) = 1.508 min

13.3 The standard time is to be established for a manual work cycle by direct time study. The observed time for the cycle averaged 4.80 min. The worker’s performance was rated at 90% on all cycles observed. After eight cycles, the worker must exchange parts containers, which took 1.60 min, rated at 120%. The PFD allowance for this class of work is 15%. Determine (a) the normal time and (b) the standard time for the cycle. (c) If the worker produces 123 work units during an 8-hour shift, what is the worker’s efficiency?

Solution: (a) Normal time Tn = 4.80(0.90) + 1.60(1.20)/8 = 4.32 + 0.24 = 4.56 min

(b) Standard time Tstd = 4.56(1 + 0.15) = 5.244 min

(c) Standard hours Hstd = 123(5.244) = 645.0 min = 10.75 hr

Worker efficiency Ew = 10.75/8.0 = 1.344 = 134.4%

13.4 The snapback timing method was used to obtain the average times and performance ratings for work elements in a manual repetitive task. See table below. All elements are worker-controlled. All elements were performance rated at 80%. Element e is an irregular element performed every five cycles. A 15% allowance for personal time, fatigue, and delays is applied to the cycle. Determine (a) the normal time and (b) the standard time for this cycle. If the worker’s performance during actual production is 120% on all manual elements for seven actual hours worked on an eight-hour shift, (c) how many units will be produced and (d) what is the worker’s efficiency?

	
	Work element
	a
	b
	c
	d
	e

	
	Observed time (min)
	0.32
	0.85
	0.48
	0.55
	1.50


Solution: (a) Normal time Tn = (0.32 + 0.85 + 0.48 + 0.55 + 1.50/5)(0.80) 

Tn = 2.50(0.80) = 2.00 min

(b) Tstd = 2.00(1.15) = 2.30 min

(c) Given Pw = 120% for 7.0 hr on an 8-hour shift

Tc = Tn/Pw = 2.00/1.20 = 1.667 min

Q = 7(60)/1.667 = 252 pc

(d) Hstd = 252(2.30)/60 = 9.66 hr and Ew = 9.66/8.0 = 1.208 = 120.8%

Comment: The values of worker performance Pw and worker efficiency Ew are so close because the 7.0-hour actually work time is very consistent with the PFD allowance factor of 15%.

13.5 The continuous timing method is used to direct time study a manual task cycle consisting of four elements: a, b, c, and d. Two parts are produced each cycle. Element d is an irregular element performed once every six cycles. All elements were performance rated at 90%. The PFD allowance is 11%. Determine (a) the normalized time for the cycle and (b) the standard time per part. (c) If the worker completes 844 parts in an 8-hour shift during which she works 7 hours and 10 min, what is the worker’s efficiency? 

	
	Element
	a
	b
	c
	d

	
	Observed time (min)
	0.35
	0.60
	0.86
	1.46


Solution: (a) Tn = (0.86 + 0.60/6)(0.90) = 0.864 min per cycle

(b) With two parts per cycle, the standard time per part is:

Tstd = 0.864(1 + 0.11)/2 = 0.4795 = 0.48 min

(c) Hstd = 844(0.48)/60 = 6.752 hr

Ew = 6.752/8.0 = 0.844 = 84.4%

13.6 The readings in the table below were taken by the snapback timing method of direct time study to produce a certain subassembly. The task was performance rated at 85%. In addition to the above regular elements, an irregular element must be included in the standard: each rack holds 20 mechanism plates and has universal wheels for easy movement. After completing 20 subassemblies, the operator must move the rack (which now holds the subassemblies) to the aisle and then move a new empty rack into position at the workstation. This irregular element was timed at 2.90 min and the operator was performance rated at 80%. The PFD allowance is 15%. Determine (a) the normalized time for the cycle, (b) the standard time, and (c) the number of parts produced by the operator, if he/she works at standard performance for a total of 6 hours and 57 min during the shift.
	
	Element and description
	Observed time (min)

	
	1. Pick up mechanism plate from rack and place in fixture.
	0.42

	
	2. Assemble motor and fasteners to front side of plate.
	0.28

	
	3. Move to other side of plate.
	0.11

	
	4. Assemble two brackets to plate.
	0.56

	
	5. Assemble hub mechanism to brackets.
	0.33

	
	6. Remove plate from fixture and place in rack.
	0.40


Solution: (a) For regular cycle Tobs = 0.42 + 0.28 + 0.11 + 0.56 + 0.33 + 0.40 = 2.10 min 

For irregular element Tobs = 2.90/20 = 0.145 min prorated per cycle

Normal time Tn = 2.10(0.85) + 0.145(0.80) = 1.785 + 0.116 = 1.901 min

(b) Standard time Tstd = 1.901(1 + 0.15) = 2.186 min

(c) For actual hours worked = 6 hr, 57 min = 6.95 hr
Q = 6.95(60)/1.901 = 219.4 pc rounded down to 219 pc

13.7 The time and performance rating values in the table below were obtained using the snapback timing method on the work elements in a certain manual repetitive task. All elements are worker-controlled. All elements were performance rated at 85%. Element e is an irregular element performed every five cycles. A 15% PFD allowance is applied to the cycle. Determine (a) the normal time and (b) the standard time for this cycle. If the worker’s performance during actual production is 125% on all manual elements for seven actual hours worked on an eight-hour shift, (c) how many units will be produced and (d) what is the worker’s efficiency?
	
	Work element
	a
	b
	c
	d
	e

	
	Observed time (min)
	0.61
	0.42
	0.76
	0.55
	1.10


Solution: (a) Tn = (0.61 + 0.42 + 0.76 + 0.55 + 1.10/5)(0.85) = 2.176 min

(b) Tstd = 2.176(1 + 0.15) = 2.502 min

(c) Worker performance Pw = 125% for 7.0 hr actually worked in an 8-hour shift

Tc = Tn/Pw = 2.176/1.25 = 1.741 min

Q = 7(60)/1.741 = 241.2 rounded down to 241 pc

(d) Hstd = 241(2.502)/60 = 10.05 hr, and Ew = 10.05/8.0 = 1.256 = 125.6%

Determining Standard Times for Worker-Machine Tasks

13.8 The snapback timing method was used to obtain average times for work elements in one work cycle. The times are given in the table below. Element d is a machine‑controlled element and the time is constant. Elements a, b, c, e, and f are operator‑controlled and were performance rated at 80%; however, elements e and f are performed during the machine‑controlled element d. The machine allowance is zero (no extra time is added to the machine cycle), and the PFD allowance is 14%. Determine (a) the normal time for the cycle and (b) the standard time for the cycle. 

	
	Element
	a
	b
	c
	d
	e
	f

	
	Observed time (min)
	0.24
	0.30
	0.17
	0.76
	0.26
	0.14


Solution: (a) For elements a, b, and c, Tobs = 0.24 + 0.30 + 0.17 = 0.71 min

For elements e and f, Tobs = 0.26 + 0.14 = 0.40 min

Tn = Tnw + Max{Tnwi(PR), Tm} = 0.71(0.80) + Max{0.40(0.80), 0.76}

Tn = 0.568 + Max{0.32, 0.76} = 1.328 min

(b) Tstd = 0.568(1 + 0.14) + Max{0.32(1 + 0.14), 0.76} = 0.648 + 0.76 = 1.408 min

13.9 The continuous timing method in direct time study was used to obtain the element times for a worker-machine task as indicated in the table below. Element c is a machine‑controlled element and the time is constant. Elements a, b, d, e, and f are operator‑controlled and external to the machine cycle, and were performance rated at 80%. If the machine allowance is 25%, and the worker allowance for personal time, fatigue, and delays is 15%, determine (a) the normal time and (b) standard time for the cycle. (c) If the worker completed 360 work units working 7.2 hours on an 8-hour shift, what was the worker’s efficiency?

	
	Element
	a
	b
	c
	d
	e
	f

	
	Observed time (min)
	0.18
	0.30
	0.88
	1.12
	1.55
	1.80


Solution: (a) Observed times must be determined for each element: Te(a) = 0.18 min, Te(b) = 0.12 min, Te(c) = 0.58 min, Te(d) = 0.24 min, Te(e) = 0.43 min, and Te(f) = 0.25 min

For elements a, b, d, e, and f, Tnw = (0.18 + 0.12 + 0.24 + 0.43 + 0.25)(0.80) = 0.976 min

For the cycle, Tn = 0.976 + 0.58 = 1.556 min

(b) Tstd = 0.976(1 + 0.15) + 0.58(1 + 0.25) = 1.122 + 0.725 = 1.847 min

(c) Hstd = 360(1.847)/60 = 11.08 hr and Ew = 11.08/8.0 = 1.385 = 138.5%

13.10 A worker-machine cycle is direct time studied using the continuous timing method. One part is produced each cycle. The cycle consists of five elements: a, b, c, d, and e. Elements a, c, d, and e are manual elements, external to machine element b. Every 16 cycles the worker must replace the parts container, which was observed to take 2.0 min during the time study. All worker elements were performance rated at 80%. The PFD allowance is 16%, and the machine allowance = 20%. Determine (a) the normalized time for the cycle, (b) the standard time per part. (c) If the worker completes 220 parts in an 8-hour during which he works 7 hours and 12 min, what is the worker’s efficiency? 

	
	Element
	Description
	Cumulative observed time (min)

	
	a
	Worker loads machine and starts automatic cycle.
	0.25 

	
	b
	Machine automatic cycle
	1.50 

	
	c
	Worker unloads machine.
	1.75 

	
	d
	Worker files part to size. 
	2.30 

	
	e
	Worker deposits part in container.
	2.40 


Solution: (a) Observed times must be determined for each element: Te(a) = 0.25 min, Te(b) = 1.25 min, Te(c) = 0.25 min, Te(d) = 0.55 min, and Te(e) = 0.10 min 

For elements a, c, d, and e, Tnw = (0.25 + 0.25 + 0.55 + 0.10 + 2.0/16)(0.80) = 1.02 min

For the cycle, Tn = 1.02 + 1.25 = 2.27 min

(b) Tstd = 1.02(1 + 0.16) + 1.25(1 + 0.20) = 1.183 + 1.50 = 2.683 min

(c) Hstd = 220(2.683)/60 = 9.84 hr and Ew = 9.84/8.0 = 1.230 = 123%

13.11 In the preceding problem, a recommendation has been submitted for elements d and e to be performed as internal elements (accomplished simultaneously) with machine element b. The worker would file the part from the previous cycle and deposit it in the container while the current part is being processed in the machine automatic cycle. Performance rating and allowances are the same as in the previous problem. Determine (a) the normal time for the cycle, (b) the standard time per part. (c) If the worker’s efficiency is 115% and he works a total of 7 hours and 12 min during an 8-hour shift, how many parts will be produced?

Solution: (a) Observed times must be determined for each element: Te(a) = 0.25 min, Te(b) = 1.25 min, Te(c) = 0.25 min, Te(d) = 0.55 min, and Te(e) = 0.10 min 

For elements a, c, and irregular element, Tnw = (0.25 + 0.25 + 2.0/16)(0.80) = 0.50 min

For the cycle, Tn = 0.50 + Max{(0.55 + 0.10)(0.80), 1.25} = 0.50 + 1.25 = 1.75 min

(b) Tstd = 0.50(1 + 0.16) + 1.25(1 + 0.20) = 0.58 + 1.50 = 2.08 min

(c) Worker efficiency Ew = 115% for 7.2 hr of an 8-hour shift

Q = 1.15(8)60)/2.08) = 265.4 rounded to 265 pc

13.12 The snapback method was used to time study a worker-machine cycle consisting of three elements: a, b, and c. Elements a and b are worker-controlled and were performance rated at 100% during the time study. Element c is machine-controlled. Elements b and c are performed simultaneously. The PFD allowance = 12% and the machine allowance = 10%. One work piece is produced each cycle. Determine (a) the normal time and (b) standard time for the cycle. (c) If the worker works 7 hours and 10 min during an 8-hour shift, and his performance level is 135%, how many pieces are completed? 

	
	Element
	a
	b
	c

	
	Observed time (min)
	1.25
	0.90
	0.80


Solution: (a) Tn = 1.25(1.00) + Max{0.90(1.00), 0.80} = 2.15 min

(b) Tstd = 1.25(1 + 0.12) + Max{0.90(1 + 0.12), 0.80(1 + 0.10)} 

Tstd = 1.40 + 1.008 = 2.408 min

(c) Worker performance Pw = 135% for 7 hr, 10 min (430 min) of an 8-hour shift

Tc = 1.25/1.35 + Max{0.90/1.35, 0.80} = 0.926 + 0.80 = 1.726 min

Q = 430/1.726 = 249.1 rounded to 249 pc

13.13 The snapback timing method in direct time study was used to obtain the times for a worker-machine task. The recorded times are listed in the table below. Element c is a machine‑controlled element and the time is constant. Elements a, b, and d are operator‑controlled and were performance rated at 90%. Elements a and b are external to machine-controlled element c. Element d is internal to the machine element. The machine allowance is zero, and the PFD allowance is 13%. Determine (a) the normal time and (b) the standard time for the cycle. The worker’s actual time spent working during an 8-hour shift was 7.08 hours, and he produced 420 units of output during this time. Determine (c) the worker’s performance during the operator-controlled portions of the cycle and (d) the worker’s efficiency during this shift.

	
	Element
	a
	b
	c
	d

	
	Observed time (min)
	0.34
	0.25
	0.68
	0.45


Solution: (a) For elements a and b, Tnw = (0.34 + 0.25)(0.90) = 0.531 min

For the cycle, Tn = 0.531 + Max{0.45(0.90), 0.68} = 1.211 min

(b) Tstd = 0.531(1 + 0.13) + Max{0.45(0.90)(1 + 0.13), 0.68(1 + 0)} = 1.28 min

(c) Produced 420 units in 7.08 hr of an 8-hour shift

Machine time = 420(0.68) = 285.6 min

Operator time = 7.08(60) – 285.6 = 424.8 – 285.6 = 139.2 min

Operator cycle time = 139.2/420 = 0.3314 min/cycle

Pw = Tnw/0.3314 = 0.531/0.3314 = 1.602 = 160.2%

Alternative method: Operator time at Pw = 100% = 420(0.531) = 223 min

Pw = 223/139.2 = 1.602 = 160.2%

(d) Hstd = 420(1.28)/60 = 8.96 hr, and Ew = 8.96/8.0 = 1.12 = 112%

13.14 The following table lists the average work element times obtained in a direct time study using the snapback timing method. Elements a and b are operator‑controlled. Element c is a machine‑controlled element and its time is constant. Element d is a worker‑controlled irregular element performed every five cycles. Elements a, b and d were performance rated at 80%. The worker is idle during element c, and the machine is idle during elements a, b, and d. One product unit is produced each cycle. To compute the standard, no machine allowance is applied to element c, and a 15% PFD allowance is applied to elements a, b, and d. (a) Determine the standard time for this cycle. (b) If the worker produces 220 units on an 8‑hour shift during which 7.5 hours were actually worked, what was the worker's efficiency. (c) For the 220 units in (b), what was the worker’s performance during the operator‑paced portion of the cycle? 
	
	Element
	a
	b
	c
	d

	
	Observed time (min)
	0.60
	0.45
	1.50
	0.75


Solution: (a) For elements a, b, and d, Tnw = (0.60 + 0.45 + 0.75/5)(0.80) = 0.96 min

For the cycle, Tn = 0.96 + 1.50 = 2.46 min

Tstd = 0.96(1 + 0.15) + 1.50 = 1.104 + 1.50 = 2.604 min

(b) Hstd = 220(2.604)/60 = 9.548 hr and Ew = 9.548/8.0 = 1.194 = 119.4%

(c) Machine time = 220(1.50)/60 = 5.50 hr

Operator time = 7.5 – 5.5 = 2.0 hr = 120 min

Normal time = 220(0.96) = 211.2 min

Pw = 211.2/120 = 1.76 = 176%

13.15 The continuous timing method in direct time study was used to obtain the times for a worker-machine task as indicated in the table below. Element c is a machine‑controlled element and the time is constant. Elements a, b, d, e, and f are operator‑controlled and were performance rated at 95%; they are all external elements performed in sequence with machine element c. The machine allowance is 30%, and the PFD allowance is 15%. Determine (a) the normal time and (b) standard time for the cycle. (c) If the operator works at 100% of standard performance in production and one part is produced each cycle, how many parts are produced if the total time worked during an 8-hour day is 7.25 hours? (d) For the number of parts computed in (c), what is the worker’s efficiency for this shift?

	
	Element
	a
	b
	c
	d
	e
	f

	
	Observed time (min)
	0.22
	0.40
	1.08
	1.29
	1.75
	2.10


Solution: (a) Observed times must be determined for each element: Te(a) = 0.22 min, Te(b) = 0.18 min, Te(c) = 0.68 min, Te(d) = 0.21 min, Te(e) = 0.46 min, and Te(f) = 0.35 min

For elements a, b, d, e, and f, Tnw = (0.22 + 0.18 + 0.21 + 0.46 + 0.35)(0.95) = 1.349 min

For the cycle, Tn = 1.349 + 0.68 = 2.029 min

(b) Tstd = 1.349(1 + 0.15) + 0.68(1 + 0.30) = 1.551 + 0.884 = 2.435 min

(c) Worker performance Pw = 100% for 7.25 hr worked during an 8-hour shift

Tc = 1.349/1.00 + 0.68 = 1.349 + 0.68 = 2.029 min

Q = 7.25(60)/2.029 = 214.4 rounded to 214 pc

(d) Hstd = 214(2.435)/60 = 8.685 hr, and Ew = 8.685/8.0 = 1.086 = 108.6%

Comment: The reason why the worker’s efficiency is well above 100% even though his pace is only 100% is because of the 30% machine allowance that is used to compute the standard time.

13.16 The snapback timing method was used to obtain average time and performance rating values for the work elements in a certain repetitive task. The values are given in the table below. Elements a, b, and c are worker‑controlled. Element d is a machine‑controlled element and its time is the same each cycle (N.A. means performance rating is not applicable). Element c is performed while the machine is performing its cycle (element d). Element e is a worker‑controlled irregular element performed every six cycles. The machine is idle during elements a, b, and e. Four product units are produced each cycle. The machine allowance is zero, and a 15% PFD allowance is applied to the manual portion of the cycle. Determine (a) the normal time and (b) the standard time for this cycle. If the worker’s performance during actual production is 140% on all manual elements for seven actual hours worked on an eight-hour shift, (c) how many units will be produced and (d) what is the worker’s efficiency?
	
	Work element
	a
	b
	c
	d
	e

	
	Observed time (min)
	0.65
	0.50
	0.50
	0.55
	1.14

	
	Performance rating
	90%
	100%
	120%
	N.A.
	80%


Solution: (a) Tnw(a, b) = 0.65(0.90) + 0.50(1.00) = 1.085 min. We must compare worker element c with machine element d. These elements are performed simultaneously. Tn(c) = 0.50(1.20) = 0.60 min vs. Machine element Tm(d) = 0.55 min. The worker element c dominates. Therefore, the normal time is determined as the sum of the normal times for elements a, b, c, and e.

Tn = 1.085 + 0.60 + 1.14(0.80)/6 = 1.085 + 0.60 + 0.152 = 1.837 min per cycle

(b) Tstd = (1.085 + 0.152)(1 + 0.15) + Max{0.60(1 + 0.15), 0.55(1 + 0)} 

Tstd = 1.237(1.15) + 0.60(1.15) = 1.443 + 0.69 = 2.113 min per cycle

(c) Worker performance Pw = 140% for 7.0 hr of an 8-hour shift

For elements a, b, and e, Tc = 1.237/1.40 = 0.884 min per cycle

We must again compare elements c and d to determine which one dominates the cycle at the worker pace of 140%. Tc(c) = 0.60/1.40 = 0.429 min vs. Tm(d) = 0.55 min. The cycle time is determined by machine element d.

Tc = 0.884 + 0.55 = 1.434 min per cycle

Number of cycles = 7.0(60)/1.434 = 292.9 rounded to 293 cycles

Q = 293(4 pc/cycle) = 1172 pc

(d) Worker efficiency Ew = 293(2.113/60)/8.0 = 10.32/8.0 = 1.290 = 129%

13.17 The continuous timing method was used to obtain the times for a worker-machine task. Only one cycle was timed. The observed time data are recorded in the table below. Elements a, b, c, and e are worker-controlled elements. Element d is machine controlled. Elements a, b, and e are external to the machine-controlled element, while element c is internal. There are no irregular elements. All worker-controlled elements were performance rated at 80%. The PFD allowance is 15% and the machine allowance is 20%. Determine (a) the normal time and (b) standard time for the cycle. (c) If worker efficiency = 100%, how many units will be produced in one 9-hour shift? (d) If the actual time worked during the shift was 7.56 hours, and the worker performance = 120%, how many units would be produced?

	
	Worker element (min)
	a (0.65)
	b (1.80)
	c (4.25)
	e (5.45)

	
	Machine element (min)
	
	
	d (4.00)
	


Solution: Observed times must be determined for each element: Te(a) = 0.65 min, Te(b) = 1.15 min, Te(c) = 2.45 min, Te(d) = 2.20 min, and Te(e) = 1.20 min

Compare normal time of worker element c with machine element d.

For element c, Tn = 2.45(0.80) = 1.96 min

For element d, Tm = 2.20 min. Element d dominates.

For the cycle, Tn = (0.65 + 1.15 + 1.20)(0.80) + 2.20 = 2.40 + 2.20 = 4.60 min

(b) Tstd = 2.40(1 + 0.15) + 2.20(1 + 0.20) = 2.76 + 2.64 = 5.40 min

(c) Worker efficiency Ew = 100% for a 9-hour shift

Q = 9(60)/5.4 = 100 pc

(d) Worker performance Pw = 120% for 7.56 hr

Tc = 2.40/1.20 + 2.20 = 4.20 min

Q = 7.56(60)/4.20 = 108 pc

13.18 The continuous stopwatch timing method was used to obtain the observed times for a worker-machine task. Only one cycle was timed. The data are recorded in the table below. The times listed indicate the stopwatch reading at the end of the element. Elements a, b, and d are worker-controlled elements. Element c is machine controlled. Elements a and d are external to the machine-controlled element, while element b is internal. Every four cycles, there is an irregular worker element that takes 1.32 min rated at 100% performance. For determining the standard time, the PFD allowance is 15% and the machine allowance is 30%. Determine (a) the normal time and (b) standard time for the cycle. (c) If worker efficiency = 100%, how many units will be produced in one 8-hour shift? (d) If the actual time worked during the shift was 6.86 hours, and the worker performance = 125%, how many units would be produced?

	
	Worker element
	Description of worker element
	Time (min)
	Perform. rating
	
	Machine element
	Description of machine element
	Time (min)

	
	a
	Acquire workpart from tray, cut to size, and load into machine
	1.24
	100%
	
	(idle)
	
	

	
	b
	Enter machine settings for next cycle
	4.24
	120%
	
	c
	Automatic cycle controlled by machine settings entered in previous cycle
	4.54

	
	d
	Unload machine and place part on conveyor
	5.09
	80%
	
	(idle)
	
	


Solution: Observed times must be determined for each element: Te(a) = 1.24 min, Te(b) = 3.00 min, Te(c) = 3.30 min, and Te(d) = 0.55 min

Compare normal time of worker element b with machine element c
For element b, Tn = 3.00(1.20) = 3.60 min

For element c, Tm = 3.30 min. Element b dominates
For the cycle, Tn = 1.24(1.00) + 3.60 + 0.55(0.80) + 1.32(1.00)/4 

Tn = 1.24 + 3.60 + 0.44 + 0.33 = 5.61 min

(b) Tstd = (1.24 + 0.44 + 0.33)(1 + 0.15) + Max{3.60(1 + 0.15), 3.30(1 + 1.30)}

Tstd = 2.31 + Max{4.14, 4.29} = 2.31 + 4.29 = 6.60 min

(c) Worker efficiency Ew = 100% for an 8-hour shift

Q = 8(60)/6.60 = 72.7 rounded to 73 pc

(d) Worker performance Pw = 125% for 6.86 hr

Compare worker element b at 125% and machine element c:

For element b, Tc(b) = 3.60/1.25 = 2.88 min

For element c, Tm(c) = 3.30 min. Element c dominates

Tc = (1.24 + 0.44 + 0.33)/1.25 + 3.30 = 1.61 + 3.30 = 4.91 min

Q = 6.86(60)/4.91 = 83 9 rounded to 84 pc

13.19 The snapback timing method in direct time study was used to obtain the times for a worker-machine task. The recorded times are listed in the table below. Element d is a machine‑controlled element and the time is constant. Elements a, b, c, e, and f are operator‑controlled and were performance rated at 90%. Element f is an irregular element, performed every five cycles. The operator-controlled elements are all external to machine -controlled element d. The machine allowance is zero, and the PFD allowance is 13%. Determine (a) the normalized time for the cycle and (b) the standard time for the cycle. The worker’s actual time spent working during an 8-hour shift was 7.08 hours, and he produced 400 units of output during this time. Determine (c) the worker’s performance during the operator-controlled portions of the cycle and (d) the worker’s efficiency during this shift.

	
	Element
	a
	b
	c
	d
	e
	f

	
	Observed time (min)
	0.14
	0.25
	0.18
	0.45
	0.20
	0.62


Solution: (a) Tn = (0.14 + 0.25 + 0.18 + 0.20 + 0.62/5)(0.90) + 0.45 

Tn = = 0.805 + 0.45 = 1.255 min

(b) Tstd = 0.805(1 + 0.13) + 0.45(1 + 0) = 0.91 + 0.45 = 1.36 min

(c) Given Q = 400 pc during 7.08 hr of an 8-hour shift

Machine time during shift = 400(0.45) = 180 min

Worker time during shift = 7.08(60) – 180 = 244.8 min

Cycle time for worker portion of cycle Tc = 244.8/400 = 0.612 min

Pw = 0.805/0.612 = 1.315 = 131.5%

(d) Worker efficiency Ew = 400(1.36/60)/8.0 = 1.133 = 113.3%

13.20 For a worker-machine task, the continuous timing method was used to obtain the times indicated in the table below. Element c is a machine‑controlled element and the time is constant. Elements a, b, d, and e are operator‑controlled and were performance rated at 100%; however, element d is performed simultaneously with element c. The machine allowance is 16%, and the PFD allowance is 16%. Determine (a) the normal time and (b) standard time for the cycle. (c) If the operator works at 140% of standard performance in production and two parts are produced each cycle, how many parts are produced if the total time worked during an 8-hour day is 7.4 hours? (d) For the number of parts computed in (c), what is the worker’s efficiency for this shift?

	
	Element
	a
	b
	c
	d
	e

	
	Observed time (min)
	0.30
	0.65
	1.65
	1.90
	2.50


Solution: (a) Observed times must be determined for each element: Te(a) = 0.30 min, Te(b) = 0.35 min, Te(c) = 1.00 min, Te(d) = 1.90 – 0.65 = 1.25 min, and Te(e) = 0.60 min

Because worker element d is significantly longer than machine element c, the normal time for the cycle is the sum of the normal times of elements a, b, d, and e.

Tn = (0.30 + 0.35 + 1.25 + 0.60)(1.00) = 2.5 min

(b) Tstd = 2.5(1 + 0.16) = 2.90 min for the cycle

(c) Worker performance Pw = 140% for 7.4 hr worked during an 8-hour shift. We must check to determine whether worker element d performed at 140% performance is less than the machine element c. Cycle time for worker element d is Tc(d) = 1.25/1.40 = 0.893 min, which is less than Tm(c) = 1.00 min. Therefore, the overall cycle time is determined as worker elements a, b, and e plus machine element c.

Tc(a, b, e) = 0.30 + 0.35 + 0.60 = 1.25 min

For the work cycle, Tc = 1.25/1.40 + 1.00 = 1.893 min for two parts per cycle

Number of cycles = (7.4)(60)/1.893 = 234.6 rounded to 235 cycles

Number of parts Q = 2(235) = 470 pc

(d) Hstd = 235(2.90)/60 = 11.36 hr, and Ew = 11.36/8.0 = 1.420 = 142%

13.21 For a certain repetitive task, the snapback timing method was used to obtain the average work element times and performance ratings listed in the table below. Elements a, b, and c are worker‑controlled. Element d is a machine‑controlled element and its time is the same each cycle (N.A. means performance rating is not applicable). Element c is performed while the machine is performing its cycle (element d). Element e is a worker‑controlled irregular element performed every five cycles. The machine is idle during elements a, b, and e. One part is produced each cycle. The machine allowance is 15%, and a 15% PFD allowance is applied to the manual portion of the cycle. Determine (a) the normal time and (b) the standard time for this cycle. If the worker’s performance during actual production is 130% on all manual elements for 7.3 actual hours worked on an eight hour shift, (c) how many units will be produced and (d) what is the worker’s efficiency?
	
	Work element
	a
	b
	c
	d
	e

	
	Observed time (min)
	0.47
	0.58
	0.70
	0.75
	2.10

	
	Performance rating
	90%
	80%
	110%
	N.A.
	85%


Solution: Compare manual element c with machine element d

For element c, Tn(c) = 0.70(1.10) = 0.77 min

For element d, Tm(d) = 0.75 min. Element c dominates.

Tn = 0.47(0.90) + 0.58(0.80) + 0.77 + 2.10(0.85)/5 

Tn = 0.423 + 0.464 + 0.77 + 0.357 = 2.014 min

(b) Tstd = (0.423 + 0.464 + 0.357)(1 + 0.15) + Max{0.77(1 + 0.15), 0.75(1 + 0.15}

Tstd = 1.244(1.15) + 0.8855 = 2.316 min 

(c) Worker performance Pw = 130% during 7.3 hr actual working during an 8-hour shift

Compare worker element c at 130% with machine element d.

For element c, Tc(c) = 0.77/1.30 = 0.592 min

For element d, Tm(d) = 0.75 min. Element d dominates.

For the cycle, Tc = 1.244/1.30 + 0.75 = 1.707 min

Q = 7.3(60)/1.707 = 256.6 rounded to 257 pc

(d) Ew = 257(2.316/60)/8.0 = 1.240 = 124%

13.22 The work element times for a repetitive work cycle are listed in the table below, as determined in a direct time study using the snapback timing method. Elements a and b are operator‑controlled. Element c is a machine‑controlled element and its time is constant. Element d is a worker‑controlled irregular element performed every ten cycles. Elements a and b were performance rated at 90%, and element d was performance rated at 75%. The worker is idle during element c, and the machine is idle during elements a, b, and d. One product unit is produced each cycle. No special allowance is added to the machine cycle time (element c), but a 15% allowance factor is applied to the total cycle time. (a) Determine the standard time for this cycle. If the worker produced 190 units on an 8‑hour shift during which 7 hours are actually worked, (b) what was the worker's efficiency, and (c) what was his performance during the operator‑paced portion of the cycle?

	
	Work element
	a
	b
	c
	d

	
	Observed time (min)
	0.75
	0.30
	1.62
	1.05


Solution: (a) Tn = (0.75 + 0.30)(0.90) + 1.62 + 1.05(0.75)/10 = 2.644 min

Tstd = 2.644(1 + 0.15) = 3.04 min

(b) Quantity produced Q = 190 pc in 7.0 hr of actual working during 8-hour shift

Ew = 190(3.04/60)/8.0 = 1.203 = 120.3%

(c) Machine time during shift = 190(1.62) = 307.8 min

Work time during shift = 420 – 307.8 = 112.2 min

Actual worker-paced cycle time per unit 112.2/190 = 0.591 min
Normal time for worker portion of cycle Tnw = 2.644 – 1.62 = 1.024 min

Worker performance during worker-paced portion of shift = 1.024/0.591 = 1.733 = 173.3%

Number of Cycles

13.23 Seven cycles have been observed during a direct time study. The mean for the largest element time = 0.85 min, and the corresponding sample standard deviation s = 0.15 min, which was also the largest. If the analyst wants to be 95% confident that the mean of the sample was within (10% of the true mean, how many more observations should be taken?

Solution: For dof= 6 degrees of freedom and ( = 0.05, t = 2.447 

n = (2.447 x 0.15)/(0.10 x 0.85)2 = 4.3182 = 18.65 rounded to 19 total observations

We need 19 – 7 = 12 more observations.

13.24 A total of 9 cycles have been observed during a time study. The mean for the largest element time = 0.80 min, and the corresponding sample standard deviation s = 0.15 min, which was also the largest. If the analyst wants to be 95% confident that the mean of the sample was within (0.10 min of the true mean, how many more observations should be taken?

Solution: For dof= 8 degrees of freedom and ( = 0.05, t = 2.306 

Given that 
[image: image1.wmf]x

k

 = 0.10 min
n = (2.306 x 0.15)/(0.10)2 = 3.4592 = 11.96 rounded to 12 total observations

We need 12 – 9 = 3 more observations.

13.25 A total of 6 cycles have been observed in a direct time study. The mean for the largest element time = 0.82 min, and the corresponding sample standard deviation s = 0.11 min, which was also the largest. If the analyst wants to be 95% confident that the mean of the sample was within (0.10 min of the true mean, how many more observations should be taken?

Solution: For dof= 5 degrees of freedom and ( = 0.05, t = 2.571 

Given that 
[image: image2.wmf]x

k

 = 0.10 min
n = (2.571 x 0.11)/(0.10)2 = 2.8282 = 7.998 rounded to 8 total observations

We need 8 – 6 = 2 more observations.

13.26 Ten cycles have been observed during a direct time study. The mean time for the longest element was 0.65 min, and the standard deviation calculated on the same data was 0.10 min. If the analyst wants to be 95% confident that the mean of the sample was within (8% of the true mean, how many more observations should be taken? 

Solution: For dof= 9 degrees of freedom and ( = 0.05, t = 2.262 

n = (2.262 x 0.10)/(0.08 x 0.65)2 = 4.352 = 18.9 rounded to 19 total observations

We need 19 – 10 = 9 more observations.

13.27 Six cycles have been observed during direct time study. The mean time for the longest element was 0.82 min, and the standard deviation calculated on the same data was 0.13 min. If the analyst wants to be 90% confident that the mean of the sample was within (0.06 min of the true mean, how many more observations should be taken? 

Solution: For dof= 5 degrees of freedom and ( = 0.10, t = 2.015 

Given that 
[image: image3.wmf]x

k

 = 0.06 min
n = (2.015 x 0.13)/(0.06)2 = 4.3662 = 19.06 rounded to 20 total observations

We need 20 – 6 = 14 more observations.

13.28 Six cycles have been observed during a direct time study. The mean for the largest element time = 1.00 min, and the corresponding sample standard deviation s = 0.10 min. (a) Based on these data, what is the 90% confidence interval on the 1.0 min element time? (b) If the analyst wants to be 90% confident that the mean of the sample was within (10% of the true mean, how many more observations should be taken?

Solution: (a) For dof= 5 degrees of freedom and ( = 0.10, t = 2.015 

Given that 
[image: image4.wmf]x

k

 = 0.10 min

Confidence interval CI = 1.0 ( 2.015(0.10)/60.5 = 1.0 ( 0.08226

The range is 0.9177 to 1.0823

(b) Same confidence level and dof, so t = 2.015

n = (2.015 x 0.10)/(0.10 x 1.0)2 = 2.0152 = 4.06 rounded to 5 total observations

We already have 6 observations, so no more observations of the cycle are required.

13.29 A total of 9 cycles have been observed during a direct time study. The mean for the largest element time = 1.30 min, and the corresponding sample standard deviation s = 0.20 min. (a) Based on these data, what is the 95% confidence interval on the 1.30 min element time? (b) If the analyst wants to be 98% confident that the mean of the sample was within (5% of the true mean, how many more observations should be taken?

Solution: (a) For dof= 8 degrees of freedom and ( = 0.05, t = 2.306 

Given that 
[image: image5.wmf]x

k

 = 0.20 min

Confidence interval CI = 1.30 ( 2.306(0.20)/90.5 = 1.30 ( 0.154

The range is 1.146 to 1.454

(b) For dof= 8 degrees of freedom and ( = 0.02, t = 2.896 

n = (2.896 x 0.20)/(0.05 x 1.30)2 = 8.912 = 79.4 rounded to 80 total observations

We need 80 – 9 = 71 more observations.

Performance Rating

13.30 One of the traditional definitions of standard performance is a person walking at 3.0 miles per hour. Given this, what is the performance rating of a long‑distance runner who breaks the four-minute mile?

Solution: Given the standard performance of 3.0 miles/hr, the standard time to complete 1.0 mile = 60/3.0 = 20 min. The performance of a runner who completes a mile in 4.0 min Pw = 20/4 = 5.00 = 500%

Alternative solution: The runner’s speed = 1 mi/4 min = 0.25 mi/min x 60 = 15 mi/hr

Compared to standard performance of 3.0 mi/hr, Pw = 15/3 = 5.00 = 500%

Comment: Although this performance level is much greater than we would ever expect of a worker performing a task, two facts stand out: (1) The 500% performance only lasts for 4.0 minutes. No runner could maintain such a pace for an entire 8-hour period. (2) A runner who is able to run a 4-minute mile is a very unusual person - many standard deviations from the average person in terms of running ability.

13.31 In 1982, the winner of the Boston Marathon was A. Salazar, whose time was 2 hours, 23 min and 3.2 sec. The marathon race covers 26 miles and 385 yards. Given that one of the traditional definitions of standard performance is a person walking at 3.0 miles per hour, what was Salazar’s performance rating in the race.

Solution: The time of 2 hours, 23 min and 3.2 sec = 2.3842 hr

The distance of 26 miles, 385 yards = 26.2188 mi

Salazar’s average speed v = 26.2188/2.3842 = 10.997 mi/hr

Compared to standard performance of 3.0 mi/hr, Pw = 10.997/3.0 = 3.666 = 366.6%
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