Solutions Manual: Ch09-Charting-s


Review Questions

9.1 What are the objectives of using charts and diagrams to study work?

Answer: The objectives listed in the text are (1) to permit work processes to be communicated and comprehended more readily, (2) to allow the use of algorithms specifically designed for the particular diagramming technique, (3) to divide a given work process into its constituent elements for analysis purposes, (4) to provide a structure in the search for improvements, and (5) to represent a proposed new work process or method.

9.2 What are the four methods indicated in the text by which the analyst develops a description of the work process that is ultimately used to create the graphic?

Answer: The four methods indicated in the text are (1) the analyst is already intimately familiar with the process and develops a graphic of the process based on this knowledge, (2) the analyst observes and records information about the process and develops a graphic of the process based on this information, (3) the analyst conducts one-on-one interviews with those familiar with the process and develops a graphic based on these interviews, and (4) the analyst conducts group interviews of those familiar with the process and develops a graphic of the process based on the discussion. 

9.3 What are the two characteristics of value-added steps in a given process?

Answer: As listed in the text, value-added steps are ones that (1) the customer considers important and (2) physically change the product or service.

9.4 Name some examples of network diagrams.

Answer: Examples given in the text are (1) work flow in sequential operations, (2) precedence diagram in assembly line balancing, and (3) scheduling of the activities in a project.

9.5 What are the two types of operations diagrammed in an operation chart?

Answer: The two types of operations are (1) processing and assembly operations and (2) inspection operations.

9.6 Identify the five types of symbols used in a process chart?

Answer: The five types of symbols used in a flow process chart are (1) operation, (2) inspection, (3) move, (4) delay, and (5) storage.

9.7 Name the three types of process chart described in the text, and identify the application area for each. 

Answer: The three types of process chart and their applications are (1) flow process chart for analyzing a workpart or material being processed, (2) worker process chart for analyzing a worker performing a task, and (3) form process chart for a paperwork procedure.

9.8 What is a flow diagram?

Answer: A flow diagram is a drawing of the layout of a facility but with the addition of lines representing movement of materials or workers and symbols representing activities occurring at specific locations in the facility.

9.9 What are some of the problem areas that can be identified using a flow diagram?

Answer: Some of the problem areas that can be identified using a flow diagram are (1) backtracking, (2) excessive travel, (3) possible traffic congestion, (4) points where delays typically occur, and (5) inefficient layout of workstations.

9.10 What is an activity chart?

Answer: An activity chart is a listing of the work activities of one or more subjects (e.g., workers) plotted against a time scale to indicate graphically how much time is spent on each activity.

9.11 Identify some of the types of multiple activity charts.

Answer: The types of multiple activity charts described in the text are (1) right-hand/left-hand activity chart, (2) worker-machine activity chart, (3) worker-multimachine activity chart, and (4) gang activity chart.

9.12 What are the three block symbols used in a basic process map?

Answer: As identified in the text, the three block symbols are (1) an oval to represent the beginning and end of the process under study, (2) a rectangular block to represent tasks or activity steps, and (3) a diamond-shaped block to represent a decision point. Arrows are used to show work flow and relationships among the blocks.

Problems

Note: The solutions to the following problems will vary depending on the analyst’s interpretations of the task elements. Some grading allowance should be made for these variations in students’ solutions.

Traditional Industrial Engineering Charting and Diagramming Techniques

9.1 A motorist experienced a flat tire on the driver side rear wheel of his car and went through the following procedure to replace the flat tire with the spare. The tire change occurred in the middle of the day in his own driveway about 20 ft in front of his garage. He first secured the other three wheels of the car with six bricks from his garage to prevent the vehicle from rolling (two trips back and forth to the garage). He then took out the jack, crank, and lug nut wrench from the trunk of the car, and read over the attached instructions for operating the jack. He then removed the spare tire from the trunk and placed it near the rear left wheel. Next, he proceeded to position the jack under the car at the recommended support beam on the car frame. He then began to turn the crank to elevate the car. After the left rear portion of the car was lifted a few inches, but before the flat tire was lifted from the driveway surface, he used the lug nut wrench to loosen the five lug nuts securing the tire to the wheel hub. He then returned to the task of elevating the car, turning the jack crank until the flat tire was completely off the driveway surface. The next step was to remove the loosened lug nuts, placing them in a nearby position within reach. The flat tire was then removed and lifted into the trunk. The motorist then moved the spare tire into position and lifted it onto the five studs protruding from the wheel hub. He then reached for the five lug nuts, one at a time, placing them onto the studs and rotating them until finger tight. The lug nut wrench was then used to tighten the five nuts. With the tire secure, he proceeded to lower the car by cranking the jack down slowly until the spare tire supported the car. For good measure, he again tightened the five lug nuts now that the car was securely on the ground. He then collected the hardware, put it back into the trunk, and removed the bricks from the other three wheels and put them back into his garage. Document this tire changing procedure using a worker process chart.

Solution: Worker process chart. Activity times not included in analysis. Distances estimated based on location of car in driveway relative to garage.

	Date: XX/xx/2XXX
	Worker Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Tire change
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: 
	Operations (⃝, O)
	31
	
	

	Description: Changing rear wheel tire in owner’s 
	Inspections (⃞, I)
	0
	
	

	driveway in the middle of the day.
	Moves ((, M)
	20
	
	321 ft

	
	
	
	Delays (Ⅾ, D)
	0
	
	

	
	
	
	Storages (∇, S)
	
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Walk into garage to collect 3 bricks
	M
	
	30 ft
	

	2 
	Pick up three bricks from storage location
	O
	
	
	

	3 
	Walk to left front of car with bricks
	M
	
	30 ft
	

	4 
	Place 2 bricks on both sides of front tire
	O
	
	
	

	5 
	Walk to right front of car
	M
	
	8 ft
	

	6 
	Place one brick on one side of front tire
	O
	
	
	

	7 
	Walk to garage to collect 3 more bricks
	M
	
	30 ft
	

	8 
	Pick up three more bricks
	O
	
	
	

	9 
	Walk to right front of car
	M
	
	30 ft
	

	10 
	Place brick on other side of front tire
	O
	
	
	

	11 
	Walk to right rear tire
	M
	
	12 ft
	

	12 
	Place 2 bricks on both sides of rear tire
	O
	
	
	

	13 
	Walk to rear center of car
	M
	
	5 ft
	

	14 
	Open trunk
	O
	
	
	

	15 
	Retrieve jack, crank, wrench, & instructions
	O
	
	
	

	16 
	Place jack, crank, and wrench on driveway
	O
	
	
	

	17 
	Read tire change instructions
	O
	
	
	

	18 
	Remove spare tire from trunk
	O
	
	
	

	19 
	Move spare tire to vicinity of rear left tire
	M
	
	8 ft
	

	20 
	Move to rear of car to collect jack and crank
	M
	
	8 ft
	

	21 
	Carry jack, crank & wrench to side of car 
	M
	
	10 ft
	

	22 
	Position jack under car frame, left side
	O
	
	
	

	23 
	Insert and turn crank to elevate car slightly
	O
	
	
	

	24 
	Retrieve wrench and loosen 5 lug nuts
	O
	
	
	

	25 
	Turn crank to elevate tire above driveway
	O
	
	
	

	26 
	Remove loosened lug nuts, place nearby
	O
	
	
	

	27 
	Remove flat tire from axle
	O
	
	
	

	28 
	Carry flat tire to trunk
	M
	
	10 ft
	

	29 
	Place flat tire into trunk
	O
	
	
	

	30 
	Walk to spare tire
	M
	
	10 ft
	

	31 
	Lift spare tire onto wheel hub
	O
	
	
	

	32 
	Retrieve lug nuts and screw them onto studs
	O
	
	
	

	33 
	Tighten 5 lug nuts with wrench
	O
	
	
	

	34 
	Reposition to jack location
	M
	
	5 ft
	

	35 
	Crank jack down so spare tire supports car
	O
	
	
	

	36 
	Reach for lug nut wrench and tighten nuts
	O
	
	
	

	37 
	Collect hardware
	O
	
	
	

	38 
	Carry to trunk
	M
	
	8 ft
	

	39 
	Deposit hardware into trunk, close trunk
	O
	
	
	

	40 
	Walk to rear right tire
	M
	
	5 ft
	

	41 
	Remove 2 bricks from under tire
	O
	
	
	

	42 
	Walk to front right tire
	M
	
	12 ft
	

	43 
	Remove 1 brick from under tire
	O
	
	
	

	44 
	Carry bricks into garage
	M
	
	30 ft
	

	45 
	Deposit bricks into storage location
	O
	
	
	

	46 
	Walk from garage to front right tire
	M
	
	30 ft
	

	47 
	Remove remaining brick from under tire
	O
	
	
	

	48 
	Walk to other side of car
	M
	
	10 ft
	

	49 
	Remove 2 bricks from left front tire
	O
	
	
	

	50 
	Carry bricks into garage
	M
	
	30 ft
	

	51 
	Deposit bricks into storage location
	O
	
	
	


9.2 With reference to the tire changing procedure of the previous problem, develop the steps of changing a tire, as they would be accomplished in an automotive tire center, where the worker has access to a hydraulic car lift and pneumatic lug nut wrench instead of the manual tools used by the motorist in his driveway. Document your improved tire changing procedure using a worker process chart.

Solution: Worker Process Chart. Activity times not included. Distances estimated. Assumptions: (1) Car has been driven into position over hydraulic car lift in preparation for the tire change. (2) Spare tire has been removed from the trunk and placed near the rear flat tire. (3) Pneumatic lug nut wrench is suspended from overhead hoist to avoid lifting by mechanic. (4) To start, mechanic is standing at controls of hydraulic car lift.

	Date: XX/xx/2XXX
	Worker Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Tire change
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: 
	Operations (⃝, O)
	12
	
	

	Description: Changing rear wheel tire in automotive
	Inspections (⃞, I)
	0
	
	

	tire center.
	Moves ((, M)
	5
	
	35 ft

	
	
	
	Delays (Ⅾ, D)
	0
	
	

	
	
	
	Storages (∇, S)
	
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Actuate hydraulic lift to elevate car
	O
	
	
	

	2 
	Walk to pneumatic lug nut wrench
	M
	
	10 ft
	

	3 
	Retrieve wrench
	O
	
	
	

	4 
	Walk to rear left tire
	M
	
	5 ft
	

	5 
	Loosen lug nuts
	O
	
	
	

	6 
	Place wrench and lug nuts aside
	O
	
	
	

	7 
	Remove flat tire from hub and place aside
	O
	
	
	

	8 
	Walk to spare tire
	M
	
	5 ft
	

	9 
	Pick up spare tire
	O
	
	
	

	10 
	Carry spare tire to left rear hub
	M
	
	5 ft
	

	11 
	Lift and position spare tire onto hub
	O
	
	
	

	12 
	Retrieve pneumatic lug nut wrench and nuts
	O
	
	
	

	13 
	Screw lug nuts onto studs 
	O
	
	
	

	14 
	After all nuts are secure, retighten them all
	O
	
	
	

	15 
	Place wrench aside
	O
	
	
	

	16 
	Walk to hydraulic car lift controls.
	M
	
	10 ft
	

	17 
	Actuate car lift to lower car onto floor.
	O
	
	
	


9.3 A foundry uses the following steps in its procedure for high production of investment casting process: (1) The first step is to produce wax patterns by injection molding. (2) The wax patterns are transported to an assembly work area where they are manually assembled to a wax sprue forming a pattern tree. The entire tree is made of wax. (3) The pattern tree is moved to a separate room where the tree is coated with a thin layer of refractory material. (4) In the same room, the tree is coated with success layers of refractory material to make it a rigid structure that will become the mold for casting. (5) The tree is moved to a furnace room, where it is held in an inverted position and heated to melt the wax out of the mold cavities. With the wax removed, the rigid structure is now a multiple-cavity mold with runners leading to each cavity from the sprue cavity. (6) In the same furnace room, the mold is now heated to a high temperature to ensure that all contaminants are removed from the mold. (7) With the mold still heated at an elevated temperature and in an upright orientation, molten metal is poured into the sprue and flows through the runners to each cavity. (8) After cooling and solidification of the metal, the assemblage is moved to a finishing room, where the mold is broken away from the cast metal and the parts are separated from the runners and sprue. (a) Develop the flow process chart for this casting process. (b) Based on your flow process chart, what are some changes in the investment casting procedure that you would recommend? 

Solution: (a) Flow process chart. No times or distances are included. The application of the flow process chart analysis for this problem is somewhat unusual because the materials being processed change several times during the sequence. The starting material consists of wax patterns, which are used to fabricate the mold for the casting operation. Finally, the mold is used to produce investment castings of an unspecified metal.

	Date: XX/xx/2XXX
	Flow Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Investment casting
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Several materials involved
	Operations (⃝, O)
	8
	
	

	Description: Multiple steps in investment casting
	Inspections (⃞, I)
	0
	
	

	sequence. 
	Moves ((, M)
	4
	
	

	
	
	
	Delays (Ⅾ, D)
	2
	
	

	
	
	
	Storages (∇, S)
	
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Injection molding of wax patterns
	O
	
	
	

	2 
	Allow patterns to cool
	D
	
	
	

	3 
	Move patterns to assembly work area
	M
	
	
	

	4 
	Assemble patterns to sprue for pattern tree
	O
	
	
	

	5 
	Move pattern tree to refractory room
	M
	
	
	

	6 
	Coat pattern tree with refractory material
	O
	
	
	

	7 
	Coat tree with refractory multiple times
	O
	
	
	

	8 
	Move tree to furnace room
	M
	
	
	

	9 
	Invert pattern tree and heat to melt wax
	O
	
	
	

	10 
	Reheat tree to remove contaminants
	O
	
	
	

	11 
	Position mold upright, pour molten metal
	O
	
	
	

	12 
	Allow time for cooling and solidification
	D
	
	
	

	13 
	Move tree and casting to finishing room
	M
	
	
	

	14 
	Break mold and separate sprue from casting
	O
	
	
	


(b) Possible recommendations include the following:

1. Change the casting process from investment casting to die casting, which is a much simpler process consisting of fewer steps. Functional requirements of the part may argue against this recommendation. 

2. Set up all processing steps in one room to eliminate moves between separate rooms. 

3. In addition to all steps being carried out in one room, could a work cell be designed to provide a more sequential work flow between operations. 

4. Where are the inspections? No inspection operations are listed among the investment casting steps. For a rather complex sequence, inspections should be included to make sure that further processing is not performed using defective patterns or molds.

9.4 A supplier of machined components for industrial machinery (e.g., power tools, pumps, motors, compressors) operates a factory that includes a forge shop, machine shop, and finishing department. Many of the parts produced by the company are fabricated through these three departments. Because of this, the factory is laid out as three large square rooms, arranged in-line to form a rectangle with an aspect ratio of three-to-one. Each room is 200 ft by 200 ft. The rectangle runs from north to south, with the forge shop on the south end and the finishing department on the north end. Large doors are located on the south wall for work entering the factory and on the north wall for finished products exiting the factory. For one part of particular interest here, the raw material is a steel billet that is purchased from a steel wholesale supplier. The billets arrive in pallet loads of 100 billets at the shipping and receiving department, which is a building that is 35 ft by 50 ft located 25 ft from the south wall door of the factory. The shipping and receiving department inspects the parts and sends them by forklift truck to be stored in the company’s warehouse that is located in another building 500 ft away from the factory in a southerly direction. The warehouse is 200 ft by 200 ft with its entrance door on the north wall. When a production order for the part is received, a factory forklift truck is dispatched to the warehouse to retrieve the billets. The forklift truck must wait while the warehouse crew locates the billets in storage, takes a pallet out of storage using the same type of forklift truck, and delivers the pallet to the dock where it is transferred to the factory forklift. The pallet is then brought back to the factory and delivered to the forge shop. The billets must wait their turn in the production schedule before being pressed into the desired shape by one of the forge presses. From the forge shop, the parts are moved to the machine shop where they are machined on two different machine tools, a milling machine and a drill press. From the machine shop, the parts travel to the finishing department for painting and baking (to cure the paint). From the finishing department, the parts are moved back to the machine shop, where additional milling is accomplished to provide two machined metal surfaces that will mate with other components in the final product. The parts are then moved to the shipping and receiving department for shipment to the customer. (a) Develop the flow process chart and (b) flow diagram for the process, using the centroid of each department to estimate distances between departments. (c) Based on your flow process chart, what are some changes in the production process that you would recommend? (d) Develop a revised procedure for the production process, documenting your revision in the form of a new flow process chart.

Solution: (a) Flow process chart. Assumptions: (1) Analysis begins when billets arrive at the shipping and receiving department. (2) Parts are processed in batches.

	Date: XX/xx/2XXX
	Flow Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Forged machinery part
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Steel billet
	Operations (⃝, O)
	7
	
	

	Description: Steps in processing of steel billets.
	Inspections (⃞, I)
	1
	
	

	Object of study is steel billets.
	Moves ((, M)
	12
	
	2885 ft

	
	
	
	Delays (Ⅾ, D)
	11
	
	

	
	
	
	Storages (∇, S)
	1
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Unloading of pallet load at S&R Dept
	O
	
	
	

	2 
	Inspection of billets
	I
	
	
	

	3 
	Move billets to warehouse
	M
	
	500 ft
	Transport by forklift truck

	4 
	Move billets into storage at warehouse
	M
	
	100 ft
	Different forklift inside warehouse

	5 
	Storage at warehouse, awaiting order
	S
	
	
	

	
	(Forklift dispatch from factory to warehouse
	M
	
	500 ft
	Billets are not moved yet)

	
	(Forklift waits at warehouse
	D
	
	
	Forklift waiting for billet retrieval)

	6 
	Pallet of billets retrieved from storage
	M
	
	100 ft
	

	7 
	Forklift transports billets back to forge shop
	M
	
	500 ft
	

	8 
	Billets waiting to be processed
	D
	
	
	

	9 
	Billets moved to forge press
	M
	
	100 ft
	

	10 
	Forging operation on billets
	O
	
	
	

	11 
	Temporary storage after forging
	D
	
	
	

	12 
	Move forgings to machine shop (milling)
	M
	
	200 ft
	Dept center-to-center distance

	13 
	Temporary storage before milling
	D
	
	
	Typical of batch production

	14 
	Milling operation
	O
	
	
	

	15 
	Temporary storage after milling
	D
	
	
	Typical of batch production

	16 
	Move parts to drill press
	M
	
	100 ft
	Distance within machine shop

	17 
	Temporary storage before drilling
	D
	
	
	Typical of batch production

	18 
	Drilling operation
	O
	
	
	

	19 
	Temporary storage after drilling
	D
	
	
	Typical of batch production

	20 
	Move machined parts to finishing dept
	M
	
	200 ft
	Dept center-to-center distance

	21 
	Temporary storage before painting
	D
	
	
	Typical of batch production

	22 
	Painting operation
	O
	
	
	

	23 
	Move parts directly to baking operation
	M
	
	60 ft
	

	24 
	Baking operation to cure paint
	O
	
	
	

	25 
	Temporary storage after baking
	D
	
	
	Typical of batch production

	26 
	Move parts back to machine shop
	M
	
	200 ft
	Dept center-to-center distance

	27 
	Temporary storage before milling
	D
	
	
	Typical of batch production

	28 
	Milling operations on two surfaces
	O
	
	
	

	29 
	Temporary storage after milling
	D
	
	
	Typical of batch production

	30 
	Move parts to S&R Dept for shipping
	M
	
	325 ft
	Route is through forge shop


(b) Flow diagram. Moves indicated with dashed lines. Numbers refer to steps in flow process chart.
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(c) Possible recommendations include the following: 

1. The location of the shipping and receiving department is appropriate for incoming materials because it is near the south end of the building where the forge shop is located. However, for products being shipped from the facility, the location is poor because the north exit from the building is about 600 ft away from the S&R Dept. For example, in the final step in the flow process chart, the parts are moved from their last operation (milling in the machine shop) back through the forge shop in order to minimize the distance to get to the S&R building. This is against the normal direction of work flow, but if the parts had been moved through the north exit of the factory, which is supposed to be for sending out finished products, the travel distance would have been close to 1000 ft. With the factory building in its current in-line flow configuration, it makes sense to separate the shipping and receiving functions, placing the receiving operation at the south entrance of the building and the shipping operation at the north entrance, instead of requiring all incoming and outgoing items to pass through a separate building near the south end of the factory. 

2. The warehouse is located a long distance (500 ft) away from the factory. This may be one of those situations in which a temporary solution to a storage problem (e.g., we need to store things, and we have this old vacant building on the other side of the property that could be used for this purpose) turned into a permanent inefficiency for the company, and nobody ever questioned it. A more permanent and efficient solution would be to construct an addition to the factory at the south end of the building that would be used as the warehouse. The travel distances would be reduced from 500 ft to less than 100 ft.

3. The final milling operation requires backflow of the parts from the finishing department to the machine shop. This is against the normal direction of work flow, and it adds to the distance traveled by the part. It is recommended that all of the machining, including the final milling of the two painted surfaces, be completed while the part is still in the machine shop and before painting, and that those two surfaces, which are supposed to be exposed metal, be masked before painting to keep them clean.

4. There are many temporary delays while parts wait before and after each processing operation. This is typical in batch production. To try to eliminate or reduce these delays, the factory should consider adoption of a just-in-time production system (lean production in Chapter 20), in which the parts flow continuously from one processing step to the next. This may or may not be feasible, depending on the amount of product variety that the company must cope with. Other benefits of a just-in-time system would include lower in-process inventory and shorter production lead times.

5. In the current production system, the arriving billets always spend time in the warehouse. A possible recommendation would be to require the supplier to deliver the pallet loads of billets on a just-in-time schedule and in quantities that correspond to the factory’s production schedule. This would eliminate or minimize the amount of incoming material that needs to be stored in the warehouse.

(d) Revised flow process chart. Assumptions: All of the preceding recommendations are adopted.

	Date: XX/xx/2XXX
	Flow Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Forged machinery part
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Steel billet
	Operations (⃝, O)
	8
	
	

	Description: Revised processing of steel billets.
	Inspections (⃞, I)
	1
	
	

	Object of study is steel billets.
	Moves ((, M)
	7
	
	810 ft

	
	
	
	Delays (Ⅾ, D)
	1
	
	

	
	
	
	Storages (∇, S)
	0
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Unloading of pallet load at Receiving Dept
	O
	
	
	

	2 
	Inspection of billets
	I
	
	
	

	3 
	Temporary storage prior to production 
	D
	
	
	Due to variations in arrival times 

	4 
	Move billets to forge shop
	M
	
	50 ft
	

	5 
	Billets moved to forge press
	M
	
	100 ft
	

	6 
	Forging operation on billets
	O
	
	
	

	7 
	Move forgings to machine shop (milling)
	M
	
	200 ft
	Dept center-to-center distance

	8 
	Milling operation
	O
	
	
	

	9 
	Second milling operation on two surfaces
	O
	
	
	

	10 
	Move parts to drill press
	M
	
	100 ft
	Distance within machine shop

	11 
	Drilling operation
	O
	
	
	

	12 
	Move machined parts to finishing dept
	M
	
	200 ft
	Dept center-to-center distance

	13 
	Masking to protect two machined surfaces
	O
	
	
	

	14 
	Painting operation
	O
	
	
	

	15 
	Move parts directly to baking operation
	M
	
	60 ft
	Distance within finishing dept

	16 
	Baking operation to cure paint
	O
	
	
	

	17 
	Move parts to Shipping Dept for shipping
	M
	
	100 ft
	Shipping located north of finishing


Summary: Number of operations increased by one (masking). Number of delays reduced from 11 to 1. Number of moves reduced from 12 to 7. Total distance reduced from 2885 ft to 810 ft.

9.5 The Calm Seas Cruise Ship Line wants to analyze its passenger laundry operation. A typical cruise ship of the line is 850 ft in length and has 600 passenger cabins located on four decks. For every occupied cabin during a cruise, the cabin stewards retrieve the bed linens (sheets and pillow cases) and towels (wash cloths, hand towels, and bath towels) when they make up the rooms each day. Each steward is responsible for 15 cabins. The steward separates the bed linens from the towels, putting them into two separate laundry bags. Because of the large size of each bag, the two bags are separately hand-carried to the laundry department, which is located on one of the lower decks. Depending on which deck and deck section a steward serves, the travel distance ranges from several hundred feet to more than a thousand feet, plus several flights of stairs. In the laundry department, the bags are emptied, making sure that the bed linens are not mixed with the towels during laundering. The two categories of laundry are washed separately in large washing machines, using a different wash cycle for each category. After washing, the linens and towels are dried in tumble dryers located on the same deck about 100 ft away, and then they are folded and stacked. They are then moved in stacks to the ironing department, which is located on the deck immediately above the laundry department, where they are separated and individually ironed in large flat ironers. After ironing, they are folded and stacked. From the ironing department they are transported to either of two main storerooms, located fore and aft on one of the main passenger decks for access on the following day by the cabin stewards in making up the rooms. (a) Construct a flow process chart of the laundry operation, using the bed linens and towels as the subject material in the analysis. Estimate distances moved but ignore operation times. (b) Based on your flow process chart, what are some changes in the laundry operation that you would recommend? (c) Develop a revised procedure for the laundry operation, documenting your revision in the form of a new flow process chart. 

Solution: (a) Flow process chart. Assumptions: (1) Bed linens and towels are processed in batches except for ironing.

	Date: XX/xx/2XXX
	Flow Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Ship laundry operations
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Bed linens and towels
	Operations (⃝, O)
	18
	
	

	Description: Steps in processing of linens and towels.
	Inspections (⃞, I)
	1
	
	

	
	Moves ((, M)
	7
	
	2765 ft

	
	
	
	Delays (Ⅾ, D)
	5
	
	

	
	
	
	Storages (∇, S)
	1
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Collect and separate bed linens and towels 
	O
	
	
	

	2 
	Move from cabin to hallway for bagging
	M
	
	15 ft
	

	3 
	Bag bed linens and towels
	O
	
	
	

	4 
	Move from cabin to cabin
	M
	
	50 ft
	

	5 
	Temporary delay awaiting consolidation
	D
	
	
	Consolidation of all 15 cabins

	6 
	Carry bed linen bag to laundry department
	M
	
	900 ft
	Distance includes 4 stair flights

	
	(Steward returns to deck for second bag
	M
	
	900 ft
	No movement of laundry this trip)

	7 
	Temporary delay due to two bags
	D
	
	
	

	8 
	Carry towel bag to laundry department
	M
	
	900 ft
	Distance includes 4 stair flights

	9 
	Empty laundry bags
	O
	
	
	

	10 
	Inspect: ensure linens and towels not mixed
	I
	
	
	

	11 
	Load bed linens into large washing machine
	O
	
	
	

	12 
	Wash bed linens
	O
	
	
	

	13 
	Unload bed linens from washing machine
	O
	
	
	

	14 
	Temporary delay due to separate loads
	D
	
	
	

	15 
	Load towels into large washing machine
	O
	
	
	

	16 
	Wash towels
	O
	
	
	

	17 
	Unload towels from washing machine
	O
	
	
	

	18 
	Move loads from washing to tumble drying
	M
	
	100 ft
	

	19 
	Load bed linens into tumble dryer
	O
	
	
	

	20 
	Tumble dry bed linens
	O
	
	
	

	21 
	Unload bed linens from tumble dryer
	O
	
	
	

	22 
	Temporary delay due to separate loads
	D
	
	
	

	23 
	Load towels into tumble dryer
	O
	
	
	

	24 
	Tumble dry towels
	O
	
	
	

	25 
	Unload towels from tumble dryer
	O
	
	
	

	26 
	Fold and stack
	O
	
	
	

	27 
	Move stacks to ironing department
	M
	
	200 ft
	Distance includes one stair flight

	28 
	Temporary delay due to individual handling
	D
	
	
	

	29 
	Separate and individually iron in flat irons
	O
	
	
	

	30 
	Fold and stack
	O
	
	
	

	31 
	Move to storeroom on passenger deck
	M
	
	600 ft
	

	32 
	Storage until following day
	S
	
	
	


(b) Possible recommendations include the following: 

1. Relocate washing, tumble-drying, and ironing operations into one room to reduce handling and move distances.

2. Eliminate folding and stacking after tumble-drying. It is an unnecessary step. Move loads immediately after tumble-drying to ironing.

3. Do not bother to separate bed linens from towels. (a) For handling, use two large bags but intermix bed linens and towels together. Use wheeled cart to move bags from passenger decks to laundry facility rather than hand carrying the bags. Use ship’s elevators to transport carts between decks. (b) For washing and tumble drying, process bed linens and towels together rather than separately. Find a common wash cycle that is suitable for both types of laundry. 

4. Separation of towels and linens will occur as a natural step in flat ironing, rather than as a distinct separate step prior to washing. 

(c) Revised flow process chart. Assumptions: All of the preceding recommendations are adopted.

	Date: XX/xx/2XXX
	Flow Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Ship laundry operations
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Bed linens and towels
	Operations (⃝, O)
	11
	
	

	Description: Revised processing of linens and towels.
	Inspections (⃞, I)
	0
	
	

	
	Moves ((, M)
	6
	
	1865 ft

	
	
	
	Delays (Ⅾ, D)
	1
	
	

	
	
	
	Storages (∇, S)
	1
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Collect bed linens and towels 
	O
	
	
	

	2 
	Move from cabin to hallway for bagging
	M
	
	15 ft
	

	3 
	Bag bed linens and towels together
	O
	
	
	

	4 
	Move from cabin to cabin
	M
	
	50 ft
	

	5 
	Temporary delay awaiting consolidation
	D
	
	
	Consolidation of all 15 cabins

	6 
	Move laundry bags to laundry department
	M
	
	900 ft
	Distance includes elevator move

	7 
	Empty laundry bags
	O
	
	
	

	8 
	Load laundry into large washing machine
	O
	
	
	

	9 
	Wash 
	O
	
	
	

	10 
	Unload from washing machine
	O
	
	
	

	11 
	Move loads from washing to tumble drying
	M
	
	100 ft
	

	12 
	Load laundry into tumble dryer
	O
	
	
	

	13 
	Tumble dry 
	O
	
	
	

	14 
	Unload from tumble dryer
	O
	
	
	

	15 
	Move laundry to ironing department
	M
	
	200 ft
	Distance includes one stair flight

	16 
	Separate and individually iron in flat irons
	O
	
	
	

	17 
	Fold and stack linens and towels separately
	O
	
	
	

	18 
	Move to storeroom on passenger deck
	M
	
	600 ft
	

	19 
	Storage until following day
	S
	
	
	


Summary: Return trip of cabin steward from laundry room to cabin deck is eliminated. Move distance of laundry is reduced from 2765 ft to 1865 ft due to consolidation of bed linens and towels. Number of operations reduced from 18 to 11 due to consolidation. One inspection is eliminated.

9.6 Given the information and data in previous problem, the cruise ship line wants to analyze the work activities of a cabin steward in its passenger laundry operation. Do not consider all of the activities that are performed in cleaning and making over a passenger cabin (vacuuming, making beds, collecting towels and linens, etc.) as separate operations. Instead, consider making up a room and collecting the laundry in each room as one operation. The focus of the analysis is on the work activities of a cabin steward that relate to the laundry operation. (a) Construct a worker process chart to analyze the duties of the steward that are related to the ship’s laundry operation. (b) Based on your worker process chart, what are some changes that you would recommend? (c) Develop a revised procedure for the laundry operation, documenting your revision in the form of a new worker process chart.

Solution: (a) Worker process chart. Assumption: Steward begins his duties on the deck where his cabin assignments are located.

	Date: XX/xx/2XXX
	Worker Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Ship’s cabin steward
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Bed linens and towels
	Operations (⃝, O)
	62
	
	

	Description: Original steps in handling of bed linens and towels
	Inspections (⃞, I)
	15
	
	

	
	Moves ((, M)
	78
	
	4275 ft

	
	
	
	Delays (Ⅾ, D)
	0
	
	

	
	
	
	Storages (∇, S)
	0
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Go to storage room on cabin deck
	M
	
	50 ft
	Average distance

	2 
	Collect towels and bed linens for one cabin
	O
	
	
	

	3 
	Move to first cabin
	M
	
	15 ft
	Depends on distance between storage room and cabin

	4 
	Knock and enter cabin 
	M
	
	15 ft
	

	5 
	Replace linens and towels, clean cabin
	O
	
	
	

	6 
	Separate soiled towels and bed linens
	O
	
	
	

	7 
	Inspect room to ensure it’s clean
	I
	
	
	

	8 
	Carry towels and linens to hall
	M
	
	15 ft
	

	9 
	Load into 2 separate laundry bags
	O
	
	
	

	10 
	Move 2 bags to next cabin
	M
	
	10 ft
	

	
	(Repeat steps 1 through 10 for all 15 cabins
	
	
	
	Adds up to 75 moves, 60 operations, and total distance = 1575 ft)

	11 
	Carry bed linen bag to laundry room
	M
	
	900 ft
	Includes 4 flights of stairs

	12 
	Drop off bed linen bag in laundry room
	O
	
	
	

	13 
	Return to cabin deck
	M
	
	900 ft
	Includes 4 flights of stairs

	14 
	Retrieve towel bag & carry to laundry room
	M
	
	900 ft
	Includes 4 flights of stairs

	15 
	Drop off towel bag in laundry room
	O
	
	
	


(b) Possible recommendations include the following:

1. Provide the cabin steward with a cart that holds all of the bed linens and towels for 15 rooms and the two laundry bags. This will reduce the trips back and forth between the storage room and the individual cabins. It will also allow transport of both laundry bags at one time, eliminating two trips between the passenger deck and the laundry room (return trip and second laundry bag trip).

2. Instead of walking the four stair flights between cabin deck and laundry deck, use elevator.

3. Don’t bother to separate bed linens from towels. They will be separated in the laundry room or laundered together in consolidate loads.

(c) Revised work process chart. Same starting assumption as in (a). All recommendations implemented.

	Date: XX/xx/2XXX
	Worker Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Ship’s cabin steward
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Bed linens and towels
	Operations (⃝, O)
	32
	
	

	Description: Revised handling of bed linens and towels
	Inspections (⃞, I)
	15
	
	

	
	Moves ((, M)
	48
	
	1550 ft

	
	
	
	Delays (Ⅾ, D)
	0
	
	

	
	
	
	Storages (∇, S)
	0
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Go to storage room on cabin deck with cart
	M
	
	50 ft
	Average distance

	2 
	Collect towels and bed linens for 15 cabins
	O
	
	
	

	3 
	Move to first cabin
	M
	
	15 ft
	Depends on distance between storage room and cabin

	4 
	Knock and enter cabin 
	M
	
	15 ft
	

	5 
	Replace linens and towels, clean cabin
	O
	
	
	

	6 
	Inspect room to ensure it’s clean
	I
	
	
	

	7 
	Carry soiled towels and linens to hall
	M
	
	15 ft
	

	8 
	Load into one laundry bag on cart
	O
	
	
	

	9 
	Move cart to next cabin
	M
	
	10 ft
	

	
	(Repeat steps 4 through 9 for all 15 cabins
	
	
	
	Adds up to 45 moves, 30 operations, and total distance = 600 ft)

	10 
	Move cart to laundry room
	M
	
	900 ft
	Use elevator between decks

	11 
	Drop off laundry bags in laundry room
	O
	
	
	


Summary: Total move distance reduced from 4275 ft to 1550 ft, and use of cart makes moving the linens easier. Number of moves reduced from 78 to 48. Number of operations reduced from 62 to 32. 

9.7 The Purchasing Department is required to use the following paperwork procedure for each purchase order (PO) related to a company production order. The purchase order is the legal document used by the company to order raw materials and parts from vendors in specified quantities and to guarantee payment to the vendors upon delivery of the items ordered. The purchase order procedure is triggered by the release of a production order that has been authorized by top management for one of the company’s regular products. The production order indicates what product is to be produced, how many units, and when it is to be completed. To produce the product, the raw materials and component parts must be ordered in the correct quantities from suppliers (vendors). To initiate the purchase order procedure, a purchasing agent in the Purchasing Department fills out a blank purchase requisition form for each raw material or component part, obtaining the quantity information from the bill of materials for the product. The purchase requisition is an internal company document used to obtain approvals by several departments that are responsible for the product and/or its production. The purchase requisition is sent first to the Design Engineering Department where it is checked for any engineering changes that may have been made to the item ordered. The requisition is then sent from Design Engineering to the Manufacturing Engineering Department, which checks to make sure that a valid route sheet exists for the item. The route sheet is the process plan that indicates how the item is to be processed in the factory. From Manufacturing Engineering, the requisition is sent to the Production Control Department, which checks the requisition to make sure the quantity information and delivery date agrees with the production order. At each of these departments, the signature of the department manager is required in addition to the regular department employee who performed the check. It takes an average of three days in each department to obtain the necessary checks and approvals. After approval by Production Control, the purchase requisition is returned to the Purchasing Department, where it is used as the authorization to prepare the actual purchase order that will be sent to the vendor. The information on the purchase requisition is transcribed onto a blank purchase order form by the originating purchasing agent, and the PO is then signed by the manager of the Purchasing Department and mailed to the vendor. Each PO is sent in a separate envelope by first class mail, even though there are many vendors receiving more than one purchase order from the company. (a) Construct a form process chart for the current purchase order procedure. (b) Based on your form process chart, what are some changes that you would recommend? (c) Develop a revised purchase order procedure, documenting your revision in a new form process chart.

Solution: (a) Form process chart. Move distances not given. Time expressed in days, with moves between departments and some delays estimated at one day each. Operation and inspection times are negligible.

	Date: XX/xx/2XXX
	Form Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Purchase order
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Form(s): Purchase requisition and purchase order 
	Operations (⃝, O)
	9
	9 days
	

	Description: Paper trail of purchase order procedure
	Inspections (⃞, I)
	3
	
	

	Abbreviations: PR = purchase requisition, PO = purchase order, PA = purchasing agent.
	Moves ((, M)
	8
	4 days
	

	
	Delays (Ⅾ, D)
	8
	2 days
	

	
	
	
	Storages (∇, S)
	0
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Initiation of PR by PA
	C
	
	
	

	2 
	Send PR to design engineering
	M
	1
	
	

	3 
	Temporary delay awaiting checking
	D
	
	
	

	4 
	Check PR for engineering changes
	I
	
	
	

	5 
	Signature of engineer who checked
	O
	
	
	

	6 
	Send PR to design dept manager
	M
	
	
	

	7 
	Temporary delay awaiting manager
	D
	
	
	

	8 
	Signature of department manager
	O
	3 
	
	Three days total time in department

	9 
	Send PR to manufacturing engineering dept
	M
	1
	
	

	10 
	Temporary delay awaiting checking
	D
	
	
	

	11 
	Check PR for valid route sheet
	I
	
	
	

	12 
	Signature of engineer who checked
	O
	
	
	

	13 
	Send PR to dept manager
	M
	
	
	

	14 
	Temporary delay awaiting manager
	D
	
	
	

	15 
	Signature of department manager
	O
	3 
	
	Three days total time in department

	16 
	Send PR to production control department
	M
	1
	
	

	17 
	Temporary delay awaiting checking
	D
	
	
	

	18 
	Check PR for quantity and delivery date
	I
	
	
	

	19 
	Signature of employee who checked
	O
	
	
	

	20 
	Send PR to dept manager
	M
	
	
	

	21 
	Temporary delay awaiting manager
	D
	
	
	

	22 
	Signature of department manager
	O
	3 
	
	Three days total time in department

	23 
	Return PR to purchasing department 
	M
	1
	
	

	24 
	Temporary delay awaiting PA attention
	D
	1
	
	

	25 
	Transcribe information from PR to PO 
	O
	
	
	

	26 
	Initiation of PO by PA based on PR
	C
	
	
	

	27 
	Send PR to purchasing dept manager
	M
	
	
	

	28 
	Temporary delay awaiting manager
	D
	1
	
	

	29 
	Signature of purchasing dept manager
	O
	
	
	

	30 
	PO enclosed and mailed to vendor
	O
	
	
	Each PO mailed in separate letter


(b) Possible recommendations include the following:

1. Although it is not clear from the description, the implication of “a purchasing agent fills out a blank purchase requisition form” is that this task is done longhand. These forms should be prepared on the PA’s personal computer with much of the order information already entered directly from the production order. This computerized procedure would no doubt save time and reduce transcription errors.

2. Similarly, the preparation of the actual purchase order in seq. # 26 should also be accomplished using a computerized procedure.

3. Sending the purchase requisition to the design engineering department is arguably necessary, to make sure that any changes in the part design are incorporated into the processing sequence of the vendor. However, sending the PR to the manufacturing engineering department and production control department seems unnecessary. With regard to manufacturing engineering, the route sheet is a document for internal use when the purchased item is received at the factory. It does not affect the production of the item by the vendor. With regard to production control and checking of the quantity and delivery date, this can be done when the purchasing agent originates the PR.

4. Whether or not the PR is sent through the manufacturing engineering and production control departments, it should be unnecessary for the form to be signed by department manager in each of the three departments. The employee who does the checking of the PR should be responsible for this in an age of “worker empowerment.”

5. It should not be necessary for the purchasing department manager to sign each PO. The PO should be the responsibility of the purchasing agent.

6. Combine multiple purchase orders to one vendor in single envelope instead of mailing each one in separate envelope.

(c) Revised form process chart. Assumptions: All recommendations implemented. Moves between departments estimated at one day each. Time spent inside a department estimated at one day.

	Date: XX/xx/2XXX
	Form Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Purchase order
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Form(s): Purchase requisition and purchase order 
	Operations (⃝, O)
	2
	
	

	Description: Revised paper trail of PO procedure
	Inspections (⃞, I)
	1
	
	

	Abbreviations: PR = purchase requisition, PO = purchase order, PA = purchasing agent.
	Moves ((, M)
	2
	2 days
	

	
	Delays (Ⅾ, D)
	2
	2 days
	

	
	
	
	Storages (∇, S)
	0
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Initiation of PR by PA using computer
	C
	
	
	

	2 
	Send PR to design engineering
	M
	1
	
	

	3 
	Temporary delay awaiting checking
	D
	1
	
	One day total time in department

	4 
	Check PR for engineering changes
	I
	
	
	

	5 
	Signature of engineer who checked
	O
	
	
	

	6 
	Return PR to purchasing department 
	M
	1
	
	

	7 
	Temporary delay awaiting PA attention
	D
	1
	
	One day total time in department

	8 
	Initiation of PO by PA using computer
	C
	
	
	

	9 
	PO enclosed and mailed to vendor
	O
	
	
	Each PO mailed in separate letter


Summary: Total days to process the PR and PO forms reduced from 15 days to 4 days. Number of operations and inspections reduced from 12 to 3. Number of moves reduced from 8 to 2. Number of delays reduced from 8 to 2.

9.8 In Figure 9.7 in the text, which refers to Example 2.1 in Chapter 2, consider the allocation of time between the right hand and left hand in the activity chart. (a) If the workplace were redesigned using a workholding fixture, and the worker were trained to use both hands simultaneously to perform the task, construct a right-hand/left-hand activity chart for the revised method, estimating the amounts of time for each step in the method. (b) What is the percent reduction in cycle time?

Solution: (a) Right-hand/left-hand activity chart. This is based on the revised procedure in Example 2.1. See Figure 2.2.

	
	Left hand
	
	Time
	
	Right hand
	Cum. time

	
	Pick up board, put in workholder
	
	0.08 min
	
	
	0.08 min

	
	
	
	0.04 min
	
	Close workholder
	0.12 min

	
	Pick up 4 pegs from tray
	
	0.05 min
	
	Pick up 4 pegs from tray
	0.17 min

	
	Insert 4 pegs into holes in board
	
	0.10 min
	
	Insert 4 pegs in holes in board
	0.27 min

	
	
	
	0.03 min
	
	Open workholder
	0.30 min

	
	Remove board, place in tote pan
	
	0.07 min
	
	
	0.37 min


(b) The cycle time is reduced from 0.62 min to 0.37 min, which is a 40% reduction in cycle time.

9.9 The repetitive work cycle in a worker-machine system consists of the work elements and associated times given in the table below. As the table shows, all of the operator’s elements are external to the machine time. (a) Construct a worker-machine activity chart for this work cycle. (b) Can some of the worker’s elements be made internal to the machine cycle? If so, construct a worker-machine activity chart for the revised work cycle. What is the approximate cycle time for the revised cycle?

	
	Seq.
	Work element description
	Worker time
	Machine time

	
	1
	Worker walks to tote pan containing raw stock 
	0.13 min.
	(idle)

	
	2
	Worker picks up raw workpart and transports to machine
	0.23 min.
	(idle)

	
	3
	Worker loads part into machine and engages machine semi-automatic cycle
	0.12 min.
	(idle)

	
	4
	Machine semi-automatic cycle
	(idle)
	0.75 min.

	
	5
	Worker unloads finished part from machine
	0.10 min.
	(idle)

	
	6
	Worker transports finished part and deposits into tote pan
	0.15 min.
	(idle)

	
	
	Totals
	0.73 min.
	0.75 min.


Solution: (a) Worker-machine activity chart. This is based on Example 2.10 in Chapter 2.

	
	Worker
	
	Time
	Machine 1
	
	Time
	Cum. time

	
	Walk to tote pan
	
	0.13
	
	
	
	0.13

	
	Pick up raw workpart and transport to machine
	
	0.23
	
	
	
	0.36

	
	Load workpart and engage automatic cycle
	
	0.12
	
	
	
	0.48

	
	
	
	
	Machine cycle
	
	0.75
	1.23

	
	Unload finished part from machine
	
	0.10
	
	
	
	1.33

	
	Transport part and deposit in tote pan
	
	0.15
	
	
	
	1.48


(b) Revised worker-machine activity chart.

	
	Worker
	
	Time
	Machine 1
	
	Time
	Cum. time

	
	Unload finished part from machine
	
	0.10
	
	
	
	0.10

	
	Load raw part, engage auto cycle
	
	0.12
	
	
	
	0.22

	
	Transport finished part, deposit in tote pan, walk to raw parts tote pan, pick up and transport to machine
	
	0.51
	Machine cycle
	
	0.75
	0.97

	
	
	
	
	
	
	
	


Summary: The cycle time for the revised cycle is 0.97 min, a 35% reduction from the original cycle time of 1.48 min.

Case Problem: Flow Process Chart and Flow Diagram

9.10 A company produces machinery for industry. Many of the company's products are made in large quantities. This case problem deals with the mechanism plate for one of these machinery products, shown in Figure P9.10(a). The mechanism plate is a major part in the machine, serving as the backbone of the product. Most of the internal components and subassemblies are fastened to this plate. In the finished product, the plate is completely enclosed within the machine. The mechanism plate is the most expensive part in the product and is the source of numerous quality problems as well. Similar mechanism plates are used on many of the products, and their methods of production are similar, so any improvements made to the subject plate will apply to the other plates as well.

	Figure P9.10 Exhibits for Problem 9.10: (a) mechanism plate, (b) first floor layout, and (c) second floor layout of the factory building.


As is typical in batch production, the manufacturing lead time of the mechanism plate (time between release of the order and its completion) is quite long. Since other parts are being processed at the same time in the plant, there are delays in front of each production station as batches of mechanism plates wait their turn in the queues at these stations. Mechanism plates take an average of 18 weeks to complete, once a production order has been released. No information is available about how this time is distributed among the different production steps. In addition, the castings may remain in the warehouse prior to production for as much as 4 months. Following is a description of the sequence of steps used to fabricate the mechanism plate. Figures P9.10(b) and (c) show the two stories of the factory building. Key areas and departments relating to the mechanism plate production are indicated in the description and on the floor layouts by numbers in parentheses ().

The mechanism plate is a sand casting, supplied by a foundry located 20 miles away. It is made of cast iron and is very heavy, constituting fully one‑third the total weight of the product. The designer selected cast iron because of its inherent rigidity and vibration damping characteristics. However, because it is a large flat part, the casting is subject to warping. 

The castings are shipped to the company in batches of 50 to 100 units and inspected (1) prior to being stored in the plant warehouse (2) until an order is placed for their release to production. Production lot sizes are usually 5 to 10 parts. When the castings are picked from the warehouse for an order, the first step is to send them to a local firm (5 miles away) that specializes in sand blasting (which the company is not currently set up to do). This treatment dislodges any sand imbedded in the surface that is left over from the mold, removes rust that has occurred during storage, and smoothes the surface. The plates are then returned to the company warehouse. 

The parts are then processed through a series of machining operations, the first and second of which are in the milling department (3). The first milling operation is face milling to make one side of the plate flat and smooth to accept the components that are to be attached. This is accomplished in one setup on a large milling machine in the mill department. The second milling requires a separate setup, and this operation makes the edges of the casting smooth and straight.

As the second milling operation is completed on each part, it is moved individually to the chemical cleaning department (4) to be cleaned and pickled. The cleaning is performed by human workers using cloth wipers soaked with chemical solvents. The purpose of the cleaning is to remove cutting fluids from machining. Pickling is then performed in open tanks filled with relatively dilute acid which etches the cast iron. The pickling brightens the surface texture of the machined surface of the casting. Owing to the size of the casting, each part must be separately dipped into the tank. The parts are then individually returned back to the machining area (drilling department) to reconstitute the batch. 

The next step involves a series of hole drilling operations in the drill department (5). These holes are used to attach the various brackets and components to the plate. This is performed on four different upright drill presses, organized according to drill size. There are four different hole sizes in the plate. After drilling, two of the hole sizes are tapped in the same department (5), using two additional drill presses. After drilling and tapping, the plates are returned to the cleaning department (4) for cleaning and pickling. Again, they must be dipped separately and moved individually to a temporary storage area (6) near the assembly department (9).

The plates are stored in the temporary storage area (6) until the other components that are to be assembled to it have been collected. When all of the components have been collected, the mechanism plate is sent to the painting department (7) for painting. The painting is needed to provide a protective coating and for appearance reasons. The operation is performed by human workers using paint brushes to work the paint into the rough texture of the sand cast surface. Two coats are applied in this way, with a five‑hour low temperature baking operation following each coating. The baking ovens are located in the heat treating department (8) at the rear of the factory. As many as five plates can be baked at one time.

After the final bake, the mechanism plates rejoin the other components in the temporary storage area (6). A "kit" of components is then made up, which consists of one mechanism plate and a set of all the components that are to be assembled to it. The kit is then sent to the assembly department (9), where the subassembly is completed. A total of 75 parts, including fasteners, are attached to the plate. Each mechanism plate subassembly is put together at a single workstation.  When finished, it is put back into temporary storage (6) to await final assembly into the machinery product.

Assignment: (a) Prepare a flow process chart showing the operations, moves, delays, etc., in the current process. (b) Summarize the flow process chart by determining the number of operations, number of moves, total distances moved, delays, etc. (c) Construct a flow diagram of the path followed by the mechanism plate during its manufacture. (d) Develop a list of possible improvements that might be made in the production of the mechanisms plate. (e) Develop a proposed improved method based on your answers to (a), (b), (c), and (d), and document your proposed new method by means of a flow process chart. (f) Summarize the process flow chart for the proposed method, indicating the number of operations, number of moves, total distances traveled, delays, etc. Show how this method is an improvement over the current method in terms of these statistics. (g) Consider the issue of plant layout in more detail. What changes in the overall layout of the plant you would make to improve the efficiency of mechanism plate production? 

Solution: (a) and (b) Flow process chart and summary.

	Date: XX/xx/2XXX
	Flow Process Chart
	Page ___ of ____

	Analyst: MPG
	Approval:
	
	Summary of Activities
	

	Job: Mechanism plate
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Cast iron casting
	Operations (⃝, O)
	20
	
	

	Description: Processing of casting into mechanism plate.
	Inspections (⃞, I)
	1
	
	

	Batch production, 18 weeks delivery time
	Moves ((, M)
	28
	
	2925 ft

	Analysis begins when castings arrive at receiving dock.
	Delays (Ⅾ, D)
	13
	
	

	
	
	
	Storages (∇, S)
	2
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Inspection of batch of castings upon receipt
	I
	
	
	Casting received from foundry

	2 
	Move to warehouse
	M
	
	50 ft
	

	3 
	Storage in warehouse
	S
	
	
	

	4 
	Withdraw from storage for production order
	O
	
	
	

	5 
	Move to shipping dock
	M
	
	50 ft
	

	6 
	Ship to local firm (vendor) for sand blasting
	M
	
	5 mi
	

	7 
	Sand blasting operation at vendor
	O
	
	
	Includes various delays at vendor

	8 
	Return from vendor 
	M
	
	5 mi
	

	9 
	Move from dock to warehouse
	M
	
	50 ft
	

	10 
	Delay awaiting start of production
	D
	
	
	

	11 
	Move to first milling operation
	M
	
	130 ft
	

	12 
	Delay awaiting processing of other parts
	D
	
	
	

	13 
	First milling operation
	O
	
	
	

	14 
	Move to second milling operation
	M
	
	25 ft
	

	15 
	Delay awaiting processing of other parts
	D
	
	
	

	16 
	Second milling operation
	O
	
	
	

	17 
	Move (individually) to clean and pickle
	M
	
	200 ft
	Elevator delay between floors

	18 
	Clean by cloth wipers and chemical solvent
	O
	
	
	

	19 
	Move to pickling operation in tank
	M
	
	25 ft
	

	20 
	Pickle in large tank
	O
	
	
	

	21 
	Move (individually) to drilling department
	M
	
	300 ft
	Elevator delay between floors

	22 
	Delay waiting for other parts to be collected
	D
	
	
	

	23 
	Move to first drilling operation
	M
	
	20 ft
	

	24 
	Delay awaiting processing of other parts
	D
	
	
	

	25 
	First drilling operation
	O
	
	
	

	26 
	Move to second drilling operation
	M
	
	10 ft
	

	27 
	Delay awaiting processing of other parts
	D
	
	
	

	28 
	Second drilling operation
	O
	
	
	

	29 
	Move to third drilling operation
	M
	
	10 ft
	

	30 
	Delay awaiting processing of other parts
	D
	
	
	

	31 
	Third drilling operation
	O
	
	
	

	32 
	Move to fourth drilling operation
	M
	
	10 ft
	

	33 
	Delay awaiting processing of other parts
	D
	
	
	

	34 
	Fourth drilling operation
	O
	
	
	

	35 
	Move to first tapping operation
	M
	
	10 ft
	

	36 
	Delay awaiting processing of other parts
	D
	
	
	

	37 
	First tapping operation
	O
	
	
	

	38 
	Move to second tapping operation
	M
	
	10 ft
	

	39 
	Delay awaiting processing of other parts
	D
	
	
	

	40 
	Second tapping operation
	O
	
	
	

	41 
	Move (individually) to clean and pickle
	M
	
	300 ft
	Elevator delay between floors

	42 
	Clean by cloth wipers and chemical solvent
	O
	
	
	

	43 
	Move to pickling operation in tank
	M
	
	25 ft
	Same department

	44 
	Pickle in large tank
	O
	
	
	

	45 
	Move to temporary storage area
	M
	
	150 ft
	

	46 
	Storage in temporary storage area
	S
	
	
	Waiting for other components

	47 
	Move to painting department
	M
	
	180 ft
	

	48 
	Move to painting operation
	M
	
	20 ft
	

	49 
	Painting (individually) using paint brushes 
	O
	
	
	

	50 
	Delay awaiting processing of other parts
	D
	
	
	

	51 
	Move to heat treatment department
	M
	
	360 ft
	Elevator delay between floors

	52 
	First baking operation (batch of 5 plates)
	O
	
	
	

	53 
	Move to painting department
	M
	
	180 ft
	

	54 
	Move to painting operation
	M
	
	20 ft
	Elevator delay between floors

	55 
	Second painting operation (individually) 
	O
	
	
	

	56 
	Delay awaiting processing of other parts
	D
	
	
	

	57 
	Move to heat treatment department
	M
	
	360 ft
	Elevator delay between floors

	58 
	Second baking operation (batch of 5 plates)
	O
	
	
	

	59 
	Move to temporary storage
	M
	
	300 ft
	

	60 
	Make up kit of components
	O
	
	
	

	61 
	Move kit (includes plate) to assembly dept
	M
	
	80 ft
	

	62 
	Delay awaiting assembly
	D
	
	
	

	63 
	Assembly of mech. plate subassembly
	O
	
	
	

	64 
	Move subassembly to temporary storage
	M
	
	80 ft
	


(c) Flow diagram. Student exercise requires an enlarged photocopy of the two factory floor plans in Figures P9.10(b) and (c). Student must indicate material flows on the floor plans.

(d) Possible recommendations include the following:

1. Change the starting material from a cast iron casting to an aluminum plate. Despite its rigidity and vibration damping characteristics, cast iron is heavy (density is almost three times aluminum’s), and the iron casting is subject to warping. Both of these problems would be addressed using a rolled aluminum plate. The aluminum plate could probably be made thinner too. In addition, an aluminum plate would not require the sand blasting operation, and it could be anodized rather than painted.

2. Another alternative is to use an aluminum sand casting as opposed to an aluminum plate to reduce weight. The same warping problem would likely exist as with cast iron.

3. If cast iron is still used, require the foundry that supplies the casting to have it sand blasted before shipping it to the factory. This avoids a time-consuming series of transport, processing, and warehousing steps that presently occur in the production sequence (seq. #s 5 through 10). 

4. Implement a just-in-time delivery system from the foundry, so that parts arrive just prior to a production order, and the quantity used in that production order is supplied. This avoids storing the plates in the factory’s warehouse, with the risk of design obsolescence. It also eliminates the associated material handling steps.

5. Eliminate cleaning and pickling between milling and drilling. These steps should be performed only once – after all machining is completed. The first cleaning and pickling is unnecessary because the plate goes right back to machining where it will be exposed to more cutting fluid. It would also eliminate a costly individual handling of the plates.

6. Send parts to cleaning and pickling in batches after drilling to reduce manual handling and transport of parts individually.

7. The necessity for pickling should be questioned. The stated purpose of this step is that “pickling brightens the surface texture of the machined surface of the casting.” However, if the plate is later painted, why is it necessary to brighten the surface texture underneath the paint? If aluminum is used for the plate, then pickling is not needed.

8. Eliminate manual cleaning of the plates using cloth wipers. Instead, use vapor degreasing, which would be safer for the workers and clean more effectively. This may require purchase of the required tank for the vapor degreasing process.

9. Perform the four drilling and two tapping operations all at one computer numerical control (CNC) drill press, thus reducing five handling steps and setups. This recommendation might require a rather substantial investment if the company does not already own the CNC machine. However, given the nature of the company’s work, it would be very worthwhile for it to develop a proficiency in CNC technology.

10. The company should also consider the acquisition of a CNC machining center to perform the milling operations that precede drilling. At least two alternative improvements are attractive for the machining operations: (a) Use the machining center to perform all of the milling, drilling, and tapping operations at one location in one setup. (b) Establish a work cell consisting of a CNC machining center to perform the milling operations and a CNC drill press to perform the drilling and tapping operations. The cell would employ principles of group technology to deal with the various designs of mechanism plates that are produced in the plant. 

Either of these alternatives would cause a significant reduction in the manufacturing lead time for the mechanism plates because of all of the individual setups and associated delays that are currently required on different machines and processing steps. Seq. #s 11 through 41 would be reduced to a much fewer number of steps, shaving weeks from the lead time. 

11. If a cast iron plate is used, select a paint that requires only one coat and does not require a baking operation to cure the paint. 

12. Another recommendation related to painting that should be considered is to install a paint cell based on either spray painting or immersion of the plates in a paint bath rather than hand painting with paintbrushes. If baking is still required a mechanized flow-through cell should be considered in which the plates would be hung on overhead conveyor hooks and would flow through the spray painting or immersion station and would then proceed to be carried directly through the baking oven.

13. The use of a kit of components (seq. # 60) implies that the mechanism plate subassembly is put together at a single workstation in the assembly department. If the company makes many products requiring these mechanism plate subassemblies, then assembly line methods should be considered. The line would be designed as a mixed model assembly line (Chapter 4) so that it could cope with the model variations. The component parts would have to be delivered to the assembly line according to the production schedule that matches the launching of the mechanism plates onto the line.

(e) and (f) Revised flow process chart and summary. Assumptions: (1) Aluminum plate stock used for mechanism plate rather than cast iron, as in recommendation 1. An anodizing operation will have to added to protect the part surface. (2) Just-in-time delivery of plates to factory, as in recommendation 4. (3) Cleaning and pickling between milling and drilling eliminated, as in recommendation 5. (4) Plates are sent from machining to cleaning in batches rather than individually, as in recommendation 6. (5) Eliminate pickling, as in recommendation 7. (6) Use vapor degreasing rather than manual cleaning, as in recommendation 8. (7) Use a CNC machining to accomplish all milling, drilling, and tapping, as in recommendation 10(a). (8) Install a mixed model assembly line, as in recommendation 13. (9) Minor adjustments made in the layout; e.g., addition of the CNC machining center in the milling department. The CNC MC performs drilling and tapping in addition to milling, so there is no need to move parts to the drilling department.
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	Summary of Activities
	

	Job: Mechanism plate
	Part No: 
	Activity (symbols)
	Count
	Time
	Distances

	Material: Aluminum plate stock
	Operations (⃝, O)
	4
	
	

	Description: Revised processing of mechanism plate.
	Inspections (⃞, I)
	1
	
	

	Batch production
	Moves ((, M)
	5
	
	495 ft

	Analysis begins when plate stock arrives at receiving dock.
	Delays (Ⅾ, D)
	3
	
	

	
	Storages (∇, S)
	0
	
	

	Seq.
	Activity description
	Symbol
	Time
	Distance
	Analysis notes

	1 
	Inspection of batch of castings upon receipt
	I
	
	
	Casting received from foundry

	2 
	Move to CNC machining center (MC)
	M
	
	130 ft
	

	3 
	Delay awaiting processing of other parts
	D
	
	
	

	4 
	Milling, drilling, and tapping at CNC MC
	O
	
	
	

	5 
	Delay awaiting processing of other parts
	D
	
	
	

	6 
	Move (in batches) to cleaning
	M
	
	200 ft
	Elevator delay between floors

	7 
	Vapor degreasing operation
	O
	
	
	

	8 
	Move to anodizing operation 
	M
	
	25 ft
	Same department

	9 
	Anodizing operation
	O
	
	
	

	10 
	Move to assembly dept
	M
	
	60 ft
	

	11 
	Delay awaiting assembly
	D
	
	
	

	12 
	Assembly of mech. plate subassembly
	O
	
	
	

	13 
	Move subassembly to temporary storage
	M
	
	80 ft
	


Summary: The total distance moved inside the plant is reduced from 2925 ft to 495 ft, a savings of over 2400 ft. In addition, the 10 mile road trip for sand blasting is eliminated. The number of moves is reduced from 28 to 5. The number of elevator uses is reduced from 6 to 1. The number of operations is reduced from 20 to 4. The number of delays is reduced from 13 to 3.

(g) Layout changes that should be considered include the following:

1. The best layout for this factory would be a single story structure (perhaps the office could be on a second floor). Except for operations such as cleaning, painting, and heat treatment, an open floor for all departments would allow free movement of work-in-process between departments and processing areas. Cleaning, painting, and heat treatment would be better if they were walled rooms because of environmental considerations. 

2. A one-story structure would eliminate the inefficient use of the elevator for moving work-in-process between the first and second floor production departments.

3. A one-story structure would allow the warehouse on the first floor and the temporary storage on the second floor to be combined into one department.

4. The milling and drilling departments should be combined into one department to allow for work cells to be formed that perform both of these types of operations on the same parts. The mechanism plate is an example of where both operations are required.

5. The general flow of work in the one-story building should be circular from (1) receiving and inspection to (2) machining and sheet metal stamping to (3) cleaning and painting to (4) assembly and then back to (5) receiving and inspection. The warehouse and storage area (6) might be placed centrally to act as a hub that can be used by the surrounding departments for work-in-process.

Process Mapping

9.11 Develop a basic process map for the cruise ship laundry operation described in Problem 9.5. What recommendations can you make for improving the operation?

Solution: Basic process map.
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See list of recommendations in the solution to Problem 9.5.

9.12 Develop a relationship map for the machine components factory described in Problem 9.4. 

Solution: Relationship map.
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9.13 Develop a cross-functional process map for the Purchasing and other departments described in Problem 9.7. What recommendations can you make for improving the paperwork flow?

Solution: Cross-functional process map.
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See list of recommendations in the solution to Problem 9.7.

2
Work Systems and the Methods, Measurement, and Management of Work 

by Mikell P. Groover. ISBN 0-13-140650-7. 

© 2007 Pearson Education, Inc., Upper Saddle River, NJ.  All rights reserved. 


_1211202188.bin

_1211267567.bin

_1211202267.bin

_1211202134.bin

