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Unit 1



Basics of Supply Chain Management Preface Course Description This document contains the fourth lesson in the Basics of Supply Chain Management unit, which is one of five units designed to prepare students to take the APICS CPIM examination. The Basics of Supply Chain Management unit provides the foundation upon which the other four units build. It is necessary to complete this unit, or gain equivalent knowledge, before progressing to the other units. The five units, which together cover the CPIM syllabus, are: Basics of Supply Chain Management Master Planning of Resources Detailed Scheduling and Planning Execution and Control of Operations Strategic Management of Resources Please refer to the preface of Lesson 1 for further details about the support available to you during this course of study. This publication has been prepared by E-SCP under the guidance of Yvonne Delaney MBA, CFPIM, CPIM. It has not been reviewed nor endorsed by APICS nor the APICS Curricula and Certification Council for use as study material for the APICS CPIM certification examination.
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Basics of Supply Chain Management Lesson 4 – Material Requirements Planning Introduction and Objectives Material requirements planning (MRP) is a set of techniques or system that uses bill of material (BOM) data, the master production schedule (MPS), and inventory data to calculate requirements for materials and make recommendations regarding purchases. This lesson provides an overview of the material requirements planning process, its inputs, logic, outputs, and implementation in a variety of environments. On completion of this lesson you will be able to: Explain dependent and independent demand Describe how and why MRP is used List the inputs and outputs of MRP Explain the MRP process and its logic Identify the purpose of a bill of materials (BOM) Identify descriptions of lead time, exploding, and offsetting Explain the use of MRP in planning and controlling orders



Principles of MRP Basics of MRP The principle behind MRP is simple: order exactly what you need when you need it. Putting the principle into practice is more complex: it involves co-ordinating a large amount of information; and when an inventory system has many parts the procedure is very detailed and timeconsuming. As a result, MRP is reliant on the use of computers to store, organize and access data. MRP systems are useful for: Repetitive mass production Make-to-stock products Make-to-order products Batch manufacturing Process manufacturing Traditionally, inventory methods were concerned with quantity alone. MRP introduces time phasing, which provides more valuable information such as: How and when to satisfy demand, whether in one lot or instalments When existing stock will run out The quantity and types of materials to order When to release orders for replenishment stock When the orders will be received © Copyright Leading Edge Training Institute Limited



5



Unit 1



Basics of Supply Chain Management Characteristics of MRP In simple terms, the MRP process works by exploding the BOM and determining total requirements for all parts and components, after taking the inventory status information and planning data into consideration. The MRP system can also determine when an order needs to be placed for each component. The MRP system is: Product-Oriented: it uses a BOM to calculate the component and assembly requirements to manufacture and assemble a final product. Future -Oriented: using planning information from the MPS, rather than from forecasts based on historical data, to calculate future component requirements. Time-Phase Oriented: it considers the time delay between ordering and delivery. Individual component requirements are offset by their expected lead times to determine the correct ordering date. Dependent and Independent Demand Independent demand is demand that isn’t generated by demand for another product. Independent demand items are usually complete entities that are not needed as part of any order process. Dependent demand is wholly reliant on the demand for a ‘parent’ product. For example, demand DVD cases will be reliant on the demand for actual DVDs. In this case the DVD itself is the parent product and the DVD case is the dependent product. Dependent demand items are sub-assemblies, compone nts and raw materials for other products. Independent demand must be forecast, but dependent demand should be calculated from the forecast for its parent product and the demand for that product. MRP can handle calculations for dependent demand items when provided with the forecast demand or MPS information for the parent item. Dependent Demand Characteristics



Independent Demand Characteristics



Internal demand based on the production schedule



External demand based on market needs



Demand is uneven, lumpy and discontinuous



Demand is random and fairly continuous



Demand is calculated



Demand is forecast



Little safety stock needed to ensure high service levels



Safety stock may be used to achieve target service levels



MRP in the Planning Hierarchy MRP is driven by the MPS. It uses the MPS and the Bill of Materials for each product item to calculate the variety and amount of components needed to make end items and the dates by which they will be needed. The results of MRP feed into production activity control (PAC) and purchasing. Purchasing MPS



MRP PAC
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In most production environments, materials, components and subassemblies are not required until the ‘parent’ item is to be manufactured, which often leads to uneven demand rates. Dependent demand is best gauged by answering the following questions: 1) When is the parent product to be made, and in what quantity? 2) What parts are needed, and in what quantities? 3) What are current inventory levels of such components? 4) When should these components be made? 5) Are any of the components on order or in manufacture? If so, when will they be ready? 6) When will we need more components, and how many? Open Loop MRP Early open loop MRP systems answered these questions using software to calculate quantities required, the dates they were required or due, and the order release date for components and materials needed to manufacture products determined by the demand. These open loop systems did not perform capacity planning or link into shop floor controls. Often they were driven by sales forecasts rather than the MPS. In many cases a sales forecast rather than a master production schedule. As the sales forecast changes frequently, this led to undesirable results such as high costs, unplanned overtime, mismatched inventories, long queues, and high levels of back orders. Closed Loop MRP An improvement of open loop MRP, closed loop provided a more formal control system. Closed loop MRP uses the MPS to produce a capacity requirements plan, comparing planned and available capacity. Closed- loop MRP is an advance on previous computerized applications of MRP and supports tasks such as: •



Master production schedule (MPS)



•



Rough cut capacity planning (RCCP)



•



Capacity requirements planning (CRP)



•



Purchasing



•



Production activity control (PAC)



The combination of the planning (MPS, CRP, and RCCP) and execution tasks (PAC and purchasing) with feedback from the execution to the planning cycle is termed closed-loop MRP.



Inputs to MRP To work effectively, the MRP system needs defined and accurate inputs and outputs. The main inputs required concern information about the demand for the products, the structure or
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Basics of Supply Chain Management



composition of each product, the current and possible inventory levels, and planning control parameters. MPS



Inventory Status



MRP



BOM



Planning Data



The inputs can be broken down into MPS data, BOM data, on order, on-hand, and allocated quantities; minimum and maximum order quantities; safety stock, lead times, lot sizes, shelf life, scrap and yield factors.



After the inputs, the ‘explosion’ of the data takes place. This involves a great number of calculations in which the demand for each product item is multiplied with the tally of parts in the BOM. This explosion of data results in final outputs of gross and net requirements for components and raw materials, purchase orders for components tha t must be bought in and production orders for components that are to be manufactured within the company. MPS and MRP The MPS is the anticipated production schedule for all bill of material (BOM) or inventory purchasing components that are assigned to the master scheduler. It breaks down the production plan into individual product items for the required planning period. The MPS is an important buffer between fluctuating demand and MRP. The MPs is the main driver of the MRP as it provides the initial input fo r the items needed.
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Figure 1 Example of a Typical MPS



Bill of Material (BOM) The BOM or materials specification is the recipe of items required to complete the parent item. The simplest type of BOM is a list of parts and the quantities of each required to make one assembly. Part Numbers Each part or item on the BOM uses a unique part number. Everything from raw materials to finished produc t has a part number. These part numbers are essential in inventory transactions. Part numbers often extend to 16 or more digits and may include alphabetical and special characters as well as numerals. BOM Formats The BOM is a list of all the components and their quantities that make up a finished assembly of a product, rather like a list of ingredients in a recipe. The bill of material details the requirements to make ONE unit or item. Each part or item has only one unique part number. Parent -Component Relationships in BOMs Typically, a Bill of Materials will comprise many different components. Some of these components may combine to produce a sub-component or sub-assembly of the finished item. The sub-assembly is the parent of those particular components. For example, q wing mirror is a component of a car. However, the wing mirror itself is made up of components: a plastic casing, a mirror and an adjustment lever. These three elements are components of a common parent, the wing mirror, which is itself a component of the car. Single Level Bills BOMs can be single level or multilevel. Single- level bills show all the components required for the final item as having equal status. This type of BOM may be presented as a table or as a product tree as in the examples shown below: Description: CHAIR Part Number: 150



Chair 150 Seat 620



Back Brace 520



Legs (4) 210
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Quantity
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1 1 4



9



Unit 1



Basics of Supply Chain Management Multilevel Bills Multilevel bills group the parts into sub-assemblies based on the process of manufacturing. For example, a chair is composed of a seat base, legs, and a back. The back may be composed of a frame and several supports. The seat component may comprise a frame and a cushioned pad. This type of hierarchy is represented in the tree structure of the BOM. In the example below, the chair is the parent item. The base, seat and back are components. However, they are also parent items in themselves, comprising several components each. Items can be both parents and components. Chair Chair 100 100 Base Base 200 200



Seat Seat 622 622



Back Back 500 500



Legs Legs(4) (4) 201 201



Frame Frame 629 629



Brace Brace 512 512



Braces Braces (2) (2) 203



Seat Seat Pad Pad 631 631



Arms Arms (2) (2) 570 570



Supports Supports(5) (5) 545 545



Figure 2 Parent-Component Relationships in a Multilevel BOM



Multilevel bills can also be represented in tabular form. The parent / child relationships are shown by means of indentations as shown below: Parent Part No: 100 Rocking Chair Level



Component Part No.



Description



Qty



Unit of Measure



0



100



Rocking Chair



1



EA



Base



1



EA



1



200 2



201



Leg



4



EA



2



203



Brace



2



EA EA EA EA EA EA EA EA



Figure 3 Indented Multilevel BOM
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Basics of Supply Chain Management 1. Using the information fro m Figure 2 above, complete the indented bill of material in Figure 3 by adding the appropriate level indicator, component part number, description and quantity of each remaining compone nt. Review Q Engineering Change Control The BOM must be maintained accurately as it is one of the main MRP inputs. Any changes to BOMs should be carefully documented and managed by means of change control. Products and their BOMs may be changed quite regularly. Reasons for these changes include improvements to product design, streamlining the manufacturing process, or substituting parts when the original requirements are unavailable. Stock data and Item Master File MRP must consider the amount of current inventory available in order to be effective. Much of the information required is available in the item master file, also called an item record. An item master file exists for each item used in production. It contains the following types of information: Fixed data such as the part number, description of the item, whether it is purchased or manufactured in house, whether it is issued in bulk or as a single item. Inventory status , which is the current balance of inventory for that item. A receipt can come from purchase orders, works orders or returns. Receipts increase the balance of inventory. Conversely, issues of material reduce the inventory. Issues may be planned (i.e. generated by MRP through works order processing) or unplanned (for example, to replace an original issue which was rejected as poor quality). Planning issues such as acceptable safety stock levels, lead time, lot size, and shrinkage Safety Stock These are used as a buffer against unforeseen problems, such as late deliveries from suppliers, fluctuations in demand, scrap, quality issues, absenteeism, and machine downtime. When projected inventories drop below the safety stock level, there is an automatic release of a planned order for the quantity of the safety stock needed to replenish the safety stock levels. Safety stock strategy for finished goods depends on the customer service level, the predictability of demand, the cost of carrying additional stock and the cost of stock-outs. Batch Sizing Batch size or lot size is a definite quantity of a component which is regarded as a single unit for purchasing, processing, handling and transport. For example, eggs in the supermarket are sold in lots of a dozen. Lot size can impact on inventory levels. There are different types of lot sizing. Discrete lot sizing involves generating order quantities that equal the net requirements in several consecutive time periods. Remnants are parts of lots that are carried over until the next requirement for manufacture. Fixed lot sizes are constant © Copyright Leading Edge Training Institute Limited
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Basics of Supply Chain Management unless changed by the planner. Variable lot sizes and dynamic lot sizes change as net requirements are recalculated. Static lot sizes, once set do not change. Batch Size Calculation Methods The most common lot sizing methods are listed below: Fixed Lot uses either a fixed order quantity or a calculated economic order quantity (EOQ) as a measure against net demand. If the net demand equals or exceeds this quantity, an order is made. This method is generally used when the ordering cost or batch set up cost is high. It may also be used for low cost items as the cost of storing any remnants will be negligible in this case. Lot-for-lot is the simplest method. Using this method, orders for each time period exactly match net requirements. This should result in no unneeded on-hand inventory. Delays in order arrival and delivery, scrap, shrinkage and other factors sometimes mean that the quantity ordered is not quite enough. As no remnants are left after production, lot- for- lot is generally used for high value items. Periods of Supply (POS) is a method that supplies sufficient material to cover a number of periods. A period order quantity (POQ) calculates the number of periods, using the EOQ. At the end of the period covered by the calculation, there should be no remnants. Scrap and Yield In any manufacturing process there are some mistakes and substandard items. For example, if you are printing a batch of t-shirts and the ink bleeds in the first 20 due to incorrect machine settings, then the first 20 t-shirts must be scrapped. These may be called rejects. If they can be reworked they contribute to the yield, if not, they are designated as scrap. The scrap rate is the level of scrapped components as a percentage of the total components. For example, if 200 t-shirts are printed but 20 are scrapped, the scrap rate is 10%. The formula for this rate is as follows:



Scrap rate



=



Scrapped Components --------------------------Input quantity



x



100%



Yield Yield is the total amount of produce that meets the desired specification. Using the previous example of the t-shirts, the production run was for 200 t-shirts with 20 t-shirts scrapped and a yield of 180 t-shirts. Yield generally varies from batch to batch. However, a yield factor may be used to ensure that the final yield is large enough to meet demand expectations.
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Basics of Supply Chain Management 120 100 80



Quantity



60



Scrap Yield



40 20 0 Run 1



Run 2



Run 3



If the actual yield is less than anticipated, sales will be lost to customers or extra batches must be run, thereby increasing set costs and lead times. Alternatively, if actual yield is more than anticipated the excess may have to be scrapped or kept in stock for another order. Yield factors should only be used for production of low-cost large quantity items. Shrinkage At each stage in manufacturing, there may be some losses of material. Cumulatively, these losses are referred to as shrinkage. Yield factors can be applied to each operation to help combat shrinkage. For example, if the issue of ink bleeding for the first few operations of a t- shirt printing process, this can be factored into the requirements plan. If the usual batch run is 200 tshirts and the usual scrap during printing is 20 t- shirts, then the yield factor of that particular operation is 90%. 2. The production of a t-shirt involves sewing and printing. 300 t-shirts are planned for production. The yield of the sewing process is 90%. The yield from printing is 80%. What is the final yield from the production run? A. 216 Review Q



B. 240 C. 270 D. 300



Data Accuracy MRP systems require a large amount of data which must be accurate to ensure accurate MRP. Inaccuracy at each level in the system is compounded by errors further down the line. Assume the following figures for accuracy are true: MPS



98%



accurate



Inventory



95%



accurate



Open orders



95%



accurate



Lead times`



90%



accurate



BOM



97%



accurate
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Unfortunately, this means that MRP calculations are likely to be only 77% accurate (98% x 95% x 95% x 90% x 97%). In other words, every 100 MRP calculations will have 23 mistakes. As each function along the chain must rely on the information received from the previous planning activity, it is unlikely that many of these errors will be spotted. 3. What will be the overall accuracy of an MRP system where the MPS is 99% accurate, inventory records are 98% accurate, open orders are 98% accurate, lead times are 97% accurate and BOMs are generally 99.5% accurate? A. 90.1% accurate Review Q



B. 91.8% accurate C. 93.6% accurate D. 98.3% accurate



MRP Chart Format and Logic The following paragraphs step through the logical processes of the MRP to the final generation of planned order receipts and order releases. A typical MRP will comprise the following information: Gross requirements data, which represents the total demand for each part Scheduled receipts, which displays the total for orders that have been released and are due to come in at the beginning of the period. These can be either purchase orders or works orders. Projected Stock, On-hand stock or opening stock, showing the stock levels of each item given the current demand and supply. Projected available balance (PAB) or closing balance is MRP’s working balance. The objective is to keep this value at least equal to if not greater than safety stock levels. Net Requirements is equal to gross requirements minus the existing supply Planned Order Receipts shows all the planned orders generated by MRP to cover the Net requirements Planned order releases are dates, offset from the demand date of each item by that items lead time. For example, if 20 door latches are required by Friday and the lead time for the door latches is two days, the order will be released on Wednesday. Example MRP Calculations Doors4U produce a range of high quality doors with decorative leaded stained glass panels. The planning horizon for production of the doors is six weeks. The door frame has a part number of F131. Using the item master file for this part, the MRP system finds the following information: Lead time is 3 weeks There are 60 of these items on hand © Copyright Leading Edge Training Institute Limited
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Basics of Supply Chain Management No safety stock is required for the part The item may be ordered in lots of 50. An MRP chart for this item covering 6 weeks is displayed below. Lead Time 3 days,



Lot size 25,



Safety Stock, 0,



Component Part No:



Quantity on hand 60



Period



F131



1



2



3



4



5



6



Gross Requirements



20



30



30



20



30



20



50



Scheduled Receipts Stock on hand



60



40



10



30



10



-20



-40



PAB



60



40



10



30



10



30



10



Net Requirements Planned Order Receipts Planned Order Releases Figure 4 MRP Chart



The 60 units of stock on hand at the beginning of period 1 will be enough to fulfil demand for periods 1 and 2. Then in period 3, scheduled receipt of one lot (50 in the lot) provides enough inventory to cover periods 3 and 4. However, by period 5 it is obvious that there will no t be enough stock on hand to fulfil demand. The following paragraphs explain how MRP ameliorates this problem. In each period, the gross requirements is subtracted from the stock on hand in the previous period to find the stock on hand for that period. For example, in period 2 there is a demand for 30 units. There are 40 units of stock on hand from the previous period. So demand can be fulfilled, leaving a remaining 10 units of stock on hand for period 2. Stock on hand (period n) = stock on hand (period n-1) – gross requirements (period n) At the end of each period, MRP calculates the stock on hand by subtracting the gross requirements from the previous stock on hand. It then checks to see if the minimum safety stock is held (in this case 0). When the stock on hand falls below minimum safety stock levels, MRP checks for a scheduled receipt and uses that to fulfil demand. For example, in period 3, there is a scheduled receipt of 50 items. However, the stock on hand for that period is only 30 as 20 items were needed to meet gross requirements. Stock on hand (period 3) = 10 – 30 Stock on hand = - 20 (which is less than safety stock) Scheduled receipt = 50 Stock on hand = 10 – 30 + 50 © Copyright Leading Edge Training Institute Limited
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Basics of Supply Chain Management Stock on hand = 30 Where there is no scheduled receipt, MRP identifies a net requirement. For example in period 5 there is a net requirement of 10. MRP creates a planned order (minimum lot size 25) to cover this net requirement (see below). Lead Time 3 days,



Lot size 25,



Safety Stock, 0,



Component Part No:



Quantity on hand 60



Period



F131



1



2



3



4



5



6



Gross Requirements



20



30



30



20



30



20



50



Scheduled Receipts Stock on hand



60



40



10



30



10



-20



-40



PAB



60



40



10



30



10



30



10



Net Requirements



10



Planned Order Receipts



25



Planned Order Releases



As the lead time for the item is 3 days, the planned order release for this lot must occur three days earlier in period 2. 25



Planned Order Receipts Planned Order Releases



25



Effects of Lot Sizing Manufacturing strategies should aim to reduce delivery lead times where possible. The process of manufacturing from beginning to end is very long. The time that would elapse between design, purchase, manufacture, assembly and shipping of an item would be unacceptably long for most products. Therefore, three common manufacturing strategies may be used: Lot for lot Fixed period orders Fixed quantity orders When lot-for-lot sizing is used MRP orders the exact net requirement for each period. This has the advantage of lowering inventory but also generates a lot of orders, which increases the number of setups and consequently the cost of component manufacture. Lot- for lot is used for expensive or short shelf life items. It may also be used where there is a high risk of inventory obsolescence, for example, during a period of product redesign. MRP may be set to total the net requirements over a fixed period and order a quantity equal to this total net requirement. The order quantity will vary according to demand. Although inventory levels are increased, the number of planned orders is reduced, leading to savings in set up times. A fixed quantity may be set by the materials group as the most economical or useful lot size for an item. In this case, the number of orders generated will vary from period to period but the quantity will remain the same. © Copyright Leading Edge Training Institute Limited
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4. Look at the MRP record for component TA16 (Trolley Assembly) in Table 1 below. The gross requirements and onhand inventory have been entered. MRP will generate a planned order release for a single lot in which period? A. Period 1 Review Q



B. Period 2 C. Period 4 D. Period 7



Lead Time : 2 weeks



Lot size 100



Safety Stock: 0



Component Part No:



Quantity on hand: 50



Period



TA16



1



2



Gross Requirements



3



4



50



60



5



6



7



40



8 60



Scheduled Receipts 50



Stock on hand (end) Net Requirements Planned Order Releases Table 1 MRP Calculation



5. In which other period will MRP generate a planned order release to satisfy gross requirements? A. Period 5 Review Q



B. Period 6 C. Period 8 D. None



Commonality When an item is a component of more than 1 parent item, MRP must convert the gross requirements to net requirements for each parent item. The planned order releases from these two parent items will generate gross requirements for the required item. MRP then detects that there are two gross requirements for the item and it adds them together for each period to provide the total gross requirements for the item each period. In the example below, both chairs and stools use the same leg components: Chair 150



Seat 620



Back Brace 520



Stool 113



Legs (4) 210



© Copyright Leading Edge Training Institute Limited
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Legs (4) 210
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After generating planned order releases for 10 chairs and 10 tables, the MRP system calculates the gross requirements for the components of each chair and table. For each chair or stool 4 legs are required. Therefore, 40 legs are needed to make chairs and another forty for stools. The total gross requirement for legs is therefore 80. Safety Stock in MRP When safety stock is set, MRP generates a net requirement when the safety stock level is reached, rather than waiting until the stock on hand is reduced to zero. In the following table, if the safety stock had been set to 12, the planned order release would have been generated a period earlier, as stock would have fallen below the safe level in period 4 rather than period 5. Lead Time 3 days,



Lot size 25,



Safety Stock, 0,



Component Part No:



Quantity on hand 60



Period



F131



1



2



3



4



5



6



Gross Requirements



20



30



30



20



30



20



50



Scheduled Receipts Stock on hand



60



40



10



30



10



-20



-40



PAB



60



40



10



30



10



30



10



Net Requirements



10



Planned Order Receipts



25



Planned Order Releases



Given the lead time of 3 days, this would generate a planned order release in period 1. Note that planned order releases are easier to change than released orders. This is because changes to released orders sometimes incur penalty charges. Also, released orders affect demand and so may have already triggered the issue of production or purchase orders further down the BOM hierarchy.



6. If safety stock in Table 1, page 17 had been set to 20 units, when would the first planned order release be scheduled? A. Period 1 Review Q



B. Period 2 C. Period 3 D. Period 4



Generating Planned Orders Planned orders give planners the necessary data to create purchasing plans and calculate future requirements. Each time the MRP is run, planned orders are updated. These planned orders create ‘planned order release’ action messages. It is up to the planner to decide whether or not to release the order. Often it would not make sense to release the order, for example if: © Copyright Leading Edge Training Institute Limited
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Basics of Supply Chain Management Imminent changes to the MPS are expected Capacity requirements have changed Components may not be available to order Deliveries may be delayed Design changes may affect the bill of materials from which the order emanates. Once the planner releases the order, order paperwork is produced. Firm planned orders may be used when the normal MRP rules with regard to lead time or order quantity do not apply. This type of order is created by the planner. The quantity and release data of a firm planned order will not be affected by MRP. It takes account of the quantity of the order when calculating its own order releases, but it does not attempt to change the firm planned order. Multiple Components Complex products generally involve multiple components. For example, a kettle may comprise a lid, an element, a base, a switching mechanism, and a fill indicator mechanism. The switch, fill indicator, and base will all have sub-components. There are three levels of components. The BOM levels are numbered, beginning with level 0 at the top. The next level down is level 1, then level 2. In the simplified example below, the rocking chair had three levels in the BOM. The chair is level 0, the base, seat and back are level 1, and the components of these are level 2. Chair Chair 100 100 Base Base 200 200



Seat Seat 622 622



Back Back 500 500



Legs Legs (4) (4) 201 201



Frame Frame 629 629



Brace Brace 512 512



Braces (2) Braces (2) 203



Seat Seat Pad Pad 631 631



Arms Arms (2) (2) 570 570



Supports Supports(5) (5) 545 545



Parent Part No: 100 Rocking Chair Level



Component Part No.



Description



Qty



Unit of Measure



0



100



Rocking Chair



1



EA



Base



1



EA



1



200 2



201



Leg



4



EA



2



203



Brace



2



EA



MRP begins with the top level of the BOM structures and carries down each BOM structure, part by part until the lowest level at which the part number occurs is reached. The total requirement for the part number from all the bills of material is then calculated period by period. When there is a net requirement, planned order releases are recorded.
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Basics of Supply Chain Management 7. Using the pump BOM (Figure 5), master schedule information (Table 2) and component schedule for the pump body (Table 3) below, calculate the stock on hand in period 5. A. 90 Review Q



B. 80 C. 50 D. 30



Pump Pump Base Base (1) (1)



Cover Cover (1) (1)



Pump PumpBody Body(1) (1)



Shaft Shaft(2) (2)



Gear Gear(2) (2)



Figure 5 Pump BOM



TA16



1



2



3



4



5



50



Gross Requirements



6



70



7



8



50



55



Table 2 Master Schedule for Gear Pumps



Lead Time : 2 weeks



Lot size 90



Safety Stock: 0



Component Part No:



Quantity on hand: 80



Period



Pump Body



1



2



3 50



Gross Requirements



4



5 70



6



7



8



50



55



Scheduled Receipts 80



Stock on hand (end) Net Requirements Planned Order Releases



Table 3 Component Schedule for Pump Body



8. What is the gross requirement in period 3 for gears assuming that demand for gears is completely dependent on demand for pump bodies? A. 50 B. 90 Review Q



C. 100 D. 180
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Basics of Supply Chain Management Low-Level Codes The same part may occur at different levels in a BOM. For example, screws or pegs may be required at two levels in the BOM for the chair: at level 2 they will be required to join the legs and braces, or the seat frame and pad. The same items may also be required at level 1 to join the finished base, seat and back together. Requirements at each level for the same part must be added together. By assigning a low level code to a part, it is possible to signal to the MRP system when that part should be netted. If a part has a low- level code of 2, then it may occur at level 0, level 1, and level 2 of the BOM. If the low-level code for a part is 0, then it will occur only in the top level of the BOM. MRP does not net the requirements for a part until it has calculated all requirements in the BOM down to the level indicated by the low- level code.



MRP Outputs The MRP system generates many reports. The primary reports, or those most often used, are: Financial Reports



Exception Reports



Stock Status Reports



Open Orders Status Reports



Reschedule Notices



Revision Notices



Planned Orders



Order Release Notes



Action Messages Action methods are generated by MRP to alleviate problems within the system, for example, when the due date of an open or firm planned order is not equal to the date of need which may occur when the projected available balance (PAB) is below the safety stock level. MRP generates action messages to recommend moving orders forward or backward, aiming to provide the best plan to meet demand. Planners and buyers may decide not to implement these messages if they are impractical. Action messages may be sorted by priority and value. For example, the biggest changes or imminent changes involving high value amounts of material will be listed first.
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Basics of Supply Chain Management Exception Messages MRP can identify problems with the data entered. For example, a manufactured item with no bill of material, an item with no recorded lead time or an item with no order policy may generate an exception. The output from the MRP system will generally be customized to suit an organization's business requirements. Exception messages tell the organization what action needs to be taken to ensure adequate stock levels. Many organizations customize the MRP settings to output specific exception messages and most modern MRP systems will have predetermined exception messages built in. It is up to the organization's buyer or planner to act on the exception messages after an MRP run. A simple list of exception messages is displayed below.



Revision Notices These indicate any changes that should be made to the quantity of components in open orders. Reschedule Notices These indicate any changes that need to be made to order due dates. MRP Reports MRP systems often have the ability to generate a great variety of reports. These may include the following: Open order status reports detail the components on order and their due dates. Stock status reports detail the total level and location of stocks in the company. Exception reports highlight potential or actual problems. Financial reports provide information on the cost of material that is purchased, on order, and consumed by product or the time bucket. Planned or Suggested Purchase Orders Order Release Notices: These indicate the quantity of each item to be ordered in the current time period. MRP can also be set up to release purchase requisitions, production orders, POs, or delivery schedules against an established call-off order, depending on your business requirements. Purchase Requisitions : In some organizations, these may require approval by the buyer or planner before they are converted to POs for the parts concerned. Purchase Orders (POs): If these were released automatically by the MRP system, it would mean that the buyer or planner would have no say in the purchasing decision and POs would be © Copyright Leading Edge Training Institute Limited
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sent automatically after a MRP run. This functionality would require complete confidence in the accuracy of the BOM, MPS, and any other planning variables. Planned Manufacturing Orders Planned Orders indicate the quantity and timing of orders to be released in future time periods if the current MPS is to be achieved. The date of the planned order, whether a PO or production order, is calculated by simply offsetting the net requirements due date by the lead-time for the part. The inventory status record for each item shows the planned orders. MRP assumes that a default method will be used to acquire the contents of each planned order. If the part is usually procured from a particular supplier, that supplier becomes the default. Although there may be several routes to manufacture the product, MRP will set one as default. This default method can be changed by the planner if necessary.



Refining MRP An MRP system can be adjusted and modified to best suit the production environment it serves. Many permutations are possible for dealing with lot size, some of which have already been covered, and other less common rules are explained below. Pegging, which relates gross requirements to the planned order from which they emanate, may also be implemented. The following paragraphs explain such refinements. Least Unit Cost This lot sizing method involves adding the total carrying costs to the setup costs in each period for an item and identifying the periods where the unit cost is the smallest. This method of lot sizing assumes that future demand will be similar to present demand. Least Total Cost The aim of this method is to determine how much and when to order a particular item to ensure the least total cost. The requirements are added together until the accumulated carrying cost is equal to the ordering cost. This method balances the cost of carrying inventory with the costs of purchasing material. Part-Period Balancing This method involves dividing the ordering cost by the cost of carrying one unit for one period. Fixed Period The planner determines how regularly an item should be ordered, for example, once a week. The requirements for each week are then bundled together into one order. Where-Used and Pegging Data Commonality occurs when two or more products share some of the same parts. The example of the chair and stool is a simple but effective illustration here.
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Chair 150



Seat 620



Back Brace 520



Unit 1



Basics of Supply Chain Management Stool 113



Legs (4) 210



Seat 640



Legs (4) 210



If 20 chairs and 30 stools are required, the total quantity of legs (part 210) required will be 200. MRP will provide this figure as the gross requirement for part number 210. The proportion of the gross requirements for each product (chair or stool) will not be apparent at this stage. Pegging can be used to help trace gross requirements back to the original MRP records that generated them. This helps when trying to gauge the effect of problems with raw materials on production. For example, if production of the leg component has been delayed due to machine failure, it should be possible using pegging to see that this will affect the production of parts 150 and 113 (the chair and stool). A peg record is established for each item, containing a breakdown of the gross requirements in each period according to the source. This information may be stored as a peg file or as part of the inventory file. Single pegging traces the requirements up to the next level. Full pegging traces all the way back to MPS level. Full pegging is only useful when the MPS consists of a number of different contracts or when the product is custom-engineered and made to order. Updates to MRP Every week or so, the MRP plan is completely recalculated by computer. This is termed MRP regeneration. This is a very large and complex procedure. MRP regeneration may be required when there are changes in the MPS. However, it is possible using a method of requirements alteration to isolate in the MRP only those products that have been changed in the MPS since the previous MRP run and ignore all others when regenerating the MRP. MRP can also be set to replan data after individual transactions. This is called batch net change. These methods help to make the MRP more flexible. Full regeneration runs of the MRP can be made periodically to ‘clean’ the system of any errors.



MRP and Job Shops A job shop is a type of production which provides very small lots or one-off products. It uses general purpose manual machines and skilled craftsmen or machine operators. In a job shop the machines are grouped by type if grouped at all. Each product must be route planned. The capacity requirements vary greatly. Using MRP in a job shop helps to determine accurate delivery dates, material plans and costing data.
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Basics of Supply Chain Management Production Lines and MRP Production lines are designed to efficiently produce one product. Although they can sometimes provide small variations to the product they are basically inflexible with dedicated or special purpose machines and mechanization processes designed specifically for the production of one particular item. Production lines are generally laid out following the manufacturing process for the product. There will be a different production line for each product. If Just-In- Time (JIT) principles are used in production lines, MRP may be too slow to record and react to changes down the production line. Often, MRP is used to plan requirements while JIT is used to manage the physical flow down the line.



Batch Production and MRP Batch production is usually carried out by general purpose machines which are grouped by type. Each batch has a route card which traces the process of its manufacture through the plant, identifying the workstations it must go through along the way. Transport of material is required between each operation. Capacity requirements may be variable but they can be calculated. It is necessary to schedule each batch at each workstation. MRP was developed to suit this operation and is much more suitable than JIT.



Complex Projects Major projects that involve large and very complicated assemblies, such as the assembly of a custom-built ship, require assembly bays or docks. The product remains static and highly skilled workers use portable equipment or hand tools to perform the necessary tasks. Such projects have a long lead time, which is usually dependent on critical paths. Although MRP could be used, network analysis and critical path analysis are more likely.



JIT and MRP MRP plans material supply while JIT is concerned with executing plans in a lean and efficient manner. MRP and JIT complement each other. MRP is concerned with effective planning to achieve the demands of the master schedule. JIT is concerned with the execution of those plans. MRP develops a manufacturing plan that fits with available resources and a purchasing plan that can be used to negotiate with suppliers. JIT, through the use of kanbans may be involved in the execution of both plans.
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Basics of Supply Chain Management Summary MRP is a set of techniques or system that uses BOM data, the MPS and inventory data to calculate requirements for materials and make recommendations regarding purchases. This lesson provided an overview of the material requirements planning process, its inputs, logic, outputs, and implementation in a variety of environments. You should be able to: Explain dependent and independent demand Describe how and why MRP is used List the inputs and outputs of MRP Explain the MRP process and its logic Identify the purpose of a bill of materials (BOM) Identify descriptions of lead time, exploding, and offsetting Explain the use of MRP in planning and controlling orders



Further Reading Introduction to Materials Management, JR Tony Arnold, CFPIM, CIRM and Stephen Chapman CFPIM APICS Dictionary 10th edition, 2002
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Basics of Supply Chain Management Review The following questions are designed to test your recall of the material covered in lesson 4. The answers are available in the appendix of this workbook. 9. As well as calculating requirements, one of the main objectives of MRP is to: A. Keep order priorities current B. Keep the bill of material up to date C. Plan the production schedule D. Determine the inventory required 10. In the multilevel product BOM below, which parts can be considered parents? A. A AA



B. A, C C. A, B, C, D D. B, D, E, F



BB



CC



EE



DD



FF



11. In the multilevel product BOM below, how many part Es will be needed for 100 As? A. 100 AA



B. 200 C. 300 D. 600



BB(1) (1)



CC (3) (3)



EE (2) (2)
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Basics of Supply Chain Management What’s Next? This lesson covered the role of manufacturing, the characteristics of materials management and the need for supply chain management. You should review your work before progressing to the next lesson which is: Supply Chain Management Basics – Lesson 5 Capacity Management and PAC
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Basics of Supply Chain Management Answers to Review Questions 1. Parent Part No: 100 Rocking Chair Level



Component Part No.



Description



Qty



Unit of Measure



0



100



Rocking Chair



1



EA



Base



1



EA



1



200 2



201



Leg



4



EA



2



203



Brace



2



EA



Seat



1



EA



1



622 2



629



Frame



1



EA



2



631



Seat Pad



1



EA



Back



1



EA



1



500 2



512



Brace



1



EA



2



545



Arms



2



EA



2



570



Supports



5



EA



2. A The final yield is calculated by firstly working out the yield from the sewing process( 300 t-shirts by 90% yield, gives 270 t-shirts), then using that figure to calculate the yield from the next process (270 t-shirts by 80% yield, gives 216 t-shirts). 3. B Inaccuracy at each level in an MRP system is compounded by errors further down the line. The overall accuracy of the MRP system is calculated by multiplying together the percentage accuracy at each level in the system. Thus the MRP system is 91.8% accurate (99% x 98% x 98% x 97% x 99.5%). 4. B The stock on hand is 50 units. As there is no safety stock requirement, this is sufficient to cover the gross requirements for period 3. This reduces inventory on hand to 0 so the requirements for the following period cannot be met and a new lot must be ordered. As the lead time is 2 weeks, a planned order release is scheduled for 2 weeks prior to the requirement, in period 4. Lead Time : 2 weeks



Lot size 100



Safety Stock: 0



Component Part No:



Period



TA16



1



2



Gross Requirements



3



4



50



60



5



6 40



100



Scheduled Receipts Stock on hand (end)



Quantity on hand: 50



50



40



7



8 60 100



0



Net Requirements Planned Order Releases



100



© Copyright Leading Edge Training Institute Limited



100



30



Unit 1



Basics of Supply Chain Management 5. B The planned order release in period 2 provides 100 units in period 4. Gross requirement for that period is 60 units, leaving 40 on hand. This is sufficient to satisfy requirements for period 6. However, the requirement for 60 units in period 8 must be satisfied by generating a planned order release in period 6. 6. B If safety stock were set to 20 units, a net requirement of 20 units would be generated for period 3, requiring a planned order release in period 1. Planned order releases would be generated in periods 1 and 2 to cover requirements for all 8 periods. 7. C The stock on hand (80) is sufficient to meet requirements in period 3. It is then reduced to 30 which is insufficient for gross requirements in period 5. Therefore there is a net requirement in period 5 of 40 units. This generates a planned order release of 90 units in period 3 (taking into account the lot size of 90 and the lead time of 2 weeks). With a scheduled receipt of 90 units in period 5, opening stock for that period of 30 units, and a gross requirement of 70 units, the stock left on hand after gross requirements have been filled is 50 units. Lead Time : 2 weeks



Lot size 90



Safety Stock: 0



Component Part No:



Period



Pump Body



1



2



3



4



50



Gross Requirements 80



80



80



30



6



70



7 50



50



90



8 55 90



50



40



Net Requirements Planned Order Releases



5 90



Scheduled Receipts Stock on hand (end)



Quantity on hand: 80



0



35 90



90



8. C Demand for gears is totally dependent on demand for pumps. Therefore the gross requirement for gears can be calculated from the gross requirement for pumps. Two gears are required for each pump. As 50 pumps are needed in period 3, the demand for gears in that period is 100. 9. A The main objectives of MRP are to calculate material requirements based on demand and inventory on- hand, and keep order priorities current in line with changing business needs. MRP calculates projected inventory but this is not a primary objective. MRP does not plan the production schedule. 10. B Parts A and C are parents as they each have components attached. 11. D Each A requires 3 Cs and each C requires 2 Es. Each A therefore needs 6 Es. © Copyright Leading Edge Training Institute Limited
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Basics of Supply Chain Management Glossary Term



Definition



Action message



An output of a system that identifies actions required to correct current or potential problems. In MRP such action messages may include ‘release order’, ‘reschedule in’, ‘reschedule out’, or ‘cancel’



Batch manufacturing or processing



A manufacturing technique in which parts are accumulated and processed together in a lot. The term batch processing can also refer to a computer technique in which transactions are accumulated and processed together in a lot



bill of material (BOM)



A listing of all the subassemblies, intermediates, parts and raw materials that are needed by a parent assembly, showing the amount of each needed to make one assembly. It is used with the MPS to determine purchase requisitions and production orders.



Capacity The function of establishing, measuring and adjusting limits or levels of Requirements capacity, determining the amount of labor and machine resources required Planning (CRP) to accomplish the tasks of production. Closed loop MRP



A system built around material requirements planning that includes sales and operations planning, master production scheduling and capacity requirements planning. This leads into execution functions such as inputoutput measurement, scheduling and dispatching, and anticipated delay reports. The system is closed- loop because each element is included in the overall system and feedback is provided by the execution functions so that planning can be updated and valid.



Commonality



A condition where raw materials or components are used in multiple parents



Engineering change



A revision to the engineering design of a product. The change may be released by engineering to modify or correct a part and can be requested by a customer or quality control or any other department.



Engineer-toorder



Engineer-to-order products are those with customer specifications that require unique engineering design or significant customization. Each customer order requires a unique set of part numbers, bills of material and routings.



Firm planned order (FPO)



This is a planned order that can be frozen in the MRP system. It is made firm by a planner. The MRP system takes account of the timing and quantity of firm planned orders but does not attempt to change those times or quantities. Firm planned orders are the normal method of stating the master production schedule



Gross requirement



The total of independent and dependent demand for a component before taking into account on-hand inventory and scheduled receipts.



Job shop



Organization of production where similar equipment is organized by
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Basics of Supply Chain Management function and each job follows a distinct route through the shop Just-in-Time (JIT)



JIT is a philosophy of production based on continuous improvement of productivity and elimination of waste. It encompasses execution of all manufacturing activities required to produce the finished goods through design, engineering, production, and delivery. JIT aims to have inventory to arrive in the exact amounts and at the exact time it is needed, to improve quality levels and reduce lead times, setup times, and lot sizes. Ideally there will be a batch size of one unit.



Lead time



Lead time is the span of time required to perform a process.



Least total cost



A lot size that is calculated by comparing the setup or ordering costs and carrying costs for a variety of lot sizes and choosing the size where those costs are equal or close to equal



Least unit cost



A dynamic lot-size calculated by adding ordering cost and inventory carrying cost for each trail lot size and dividing by the number of units in the lot size. The lot size with the lowest unit cost is used as the most costeffective option going forward.



Lot sizing or batch sizing



The techniques or methods of determining lot size.



Lot-for-lot



A lot sizing technique that generates planned orders in quantities that are equal to the net requirements for each period



Low-level code



A number equal to the lowest level in any bill of material at which a component appears. Net requirements for a component will not be calculated in MRP until all the gross requirements have been calculated down to the level of the low-level code. These codes are usually calculated and maintained automatically in computer software. The low- level code is also called the explosion level.



Make-to-order



Make-to-order is a production strategy where a product or service can be made after receipt of a customer’s order. The final product is a combination of standard items and customized items.



Make-to-stock



Make-to-stock is a production strategy where products are finished before receipt of a customer order. Customer orders are filled from existing stocks of finished goods and production orders are used to replenish those stocks.



Master The anticipated build schedule for those items assigned to the master Production scheduler. It becomes a set of planning numbers that drive material Schedule (MPS) requirements planning. The MPS represents what the company plans to produce expressed in quantities and dates. Material A set of techniques that uses bill of material data, inventory data, and the Requirements master production schedule to calculate requirements for materials. It Planning (MRP) makes recommendations to release replenishment orders for material and to reschedule orders. Multilevel BOM A display of all the components that are directly or indirectly used by a parent item along with the required quantity of each. © Copyright Leading Edge Training Institute Limited
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Basics of Supply Chain Management Net change MRP When a change is needed in requirements, open order inventory status or bill of material, MRP calculates only the parts affected by the change Net requirements



The net requirements for a part or assembly in MRP are the gross requirements and allocations less inventory on hand, scheduled receipts and safety stock. Net requirements when lot-sized and offset for lead time result in planned orders.



On-hand stock



The quantity of material held in inventory



Part period This lot sizing method uses the same logic as the least total cost method balancing (PPB) with an additional check. The least total cost method is calculated and then the next or previous period’s demand is evaluated to determine whether it would be economical to include in the current lot. Pegging



The ability to identify the sources of the gross requirements or allocations of a particular item in MRP and MPS.



Period order quantity



A lot sizing technique where the lot size is equal to the net requirements over a specified number of periods. The length of the period is determined by ensuring that the order costs are equal to the inventory holding costs over the period.



Planned order receipt



An anticipated receipt against an open purchase or production order. The quantity planned to be received at a future date as the result of a planned order release. Planned order receipts, in contrast to scheduled receipts, have not been released



Process manufacturing



Production that adds value by mixing, separating, forming or performing chemical reactions. Process manufacturing may be continuous or in batches.



Production activity control (PAC)



The function of routing and dispatching work through the production plant and performing supplier control.



Production line



A series of pieces of equipment dedicated to the production of a specific product or product group



Projected available balance



An inventory balance projected into the future. This is the sum of on-hand inventory less requirements plus scheduled receipts and planned orders.



Regeneration MRP



The entire master production is totally exploded down through all the bills of material to maintain valid planning data. New requirements and planned orders are completely recalculated.



Requirements alteration



When the MPS is revised, the MRP must be updated to reflect the changes made. In requirements alteration only the impacts of the MPS changes are calculated.



Rough-cut capacity planning (RCCP)



The process of converting the master production schedule into requirements for resources such as labor, machinery, warehouse space, supplier capabilities. Demonstrated capacity is examined for each key resource.
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Safety stock



This is a planned quantity of stock held as protection against fluctuations in demand or supply. Safety stock is used in MPS as protection against forecast errors or short term changes in backlog. This can also be referred to as a hedge or inventory buffer.



Scheduled receipt



An open order that has been assigned a due date



Scrap



Material which does not meet specifications and cannot be reworked



shrinkage



Reductions of quantities of items in stock, in process or in transit. Causes of shrinkage may include deterioration, evaporation, theft, or scrap.



Single-level BOM



A display of components that are directly used in the parent item. It shows only the relationships one level down.
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Where-used list A listing of every parent item that requires a particular component, and the quantity required by it, from a BOM file. Yield



The amount of usable output from a process compared to the process inputs.
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