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Abstract—Since spare part availability impacts the fixing rate 

for defective device, maintaining an acceptable spare part 

availability level is critical for improving customer satisfaction 

level. Spare part demand is typically unpredictable due to 

varying service requests. Most companies set a fix period for 

maintenance and repair. This fixed period of repair model is a 

waste if the device is in a good condition. To improve the 

system, this study proposes a flexible return policy using 

failure rate to forecast the possible stock out time point. Once 

the specific point is found, the least repair turnaround time 

(TAT) is set for defective spare part shipment. By this mean, 

the repaired spare part will arrive at the warehouse to 

replenish the stock. Similar scenario also applies to the out of 

warranty period for the dropping service demand. For 

practical industrial application, this model also considers the 

last time buy and the defective spare part scrap rate practices. 

Keywords-inventory management; spare part; forecasting; 

part availability 

I.  INTRODUCTION 

The reason why spare part management is so importance 
in promoting and maintaining customer satisfaction is 
because it supports product after sales service. After sales 
service performance, specifically the repairing field service 
would enhance the customer return [1]. After sales service 
are acknowledged as the source of firm’s revenue, customer 
retention, and competitive advantage [2]. In certain 
manufacturing sector, after sales services and spare part may 
generate more than three times the turnover of the original 
purchase during the product life cycle [3]. In general, we can 
set spare part lifecycle in six different stages, with each stage 
having its individual characteristic [4]. 

 
Source: Dutta (2013) 

Figure 1. Reasons for failure on first visit  

TABLE I. RELATIONSHIP BETWEEN FIRST-TIME FIX PERFORMANCE AND 

CUSTOMER SATISFACTION 

 First-time Fix  

< 50% 

First-time Fix 

< 80% 

First-time Fix 

> 80% 

Customer 

Satisfaction 

46% 64% 87% 

Source: Dutta (2013) 

Spare part can be classified into the consumable and the 
repairable [5]. The repairable spare parts can be used many 
times through the recovery process, but the consumable 
spare parts are not repairable and usually scrapped when they 
have failed. Table 1 shows the relationship between the first-
time fixing performance and the customer satisfaction [1]. 
Clearly, it shows the importance of first-time fixing 
performance. Dutta [1] had pointed out that 51% of device 
repair failure was due to the lack of spare parts (see Fig. 1).  

Fig. 2 illustrates the service network structure for the 
repairable spare part. It shows the importance of spare part 
utilization the complex global service operation. Defective 
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parts are generally collected and shipped back by service 
point (called base) to the repair service center (called depot); 
after repaired, they are shipped back to service point for 
reuse.  

 

Figure 2. Service network structure 

Most manufacturer repair service center would prefer the 
repaired defective spare parts be shipped back at a fix cycle 
time. Such fix cycle model simplifies the operations of the 
repair service center, though such arrangement will result in 
some spare part replenishment wastes due to higher buffer 
stocks. In order to understand the characteristics of the actual 
system, we examined the defect report of 11 mobile phone 
products for a period of 36 months as shown in Fig. 3. We 
found that the cause of such phenomenon may be due to the 
pipeline sales not evenly distributed, quality problem and the 
decline in demand during the out of warranty period. The 
defect up-down trend proves that a fix cycle arrangement 
will not be efficient because the repair service center 
workload is not evenly distributed. 

In this study, a method using a flexible ship back time 
with least repair Turnaround Time (TAT) as the minimum 
replenishment cycle time is proposed. For convenience, we 
name the proposed method as LTAT method and the initial 
buffer as IB. When stock out time is forecasted, this method 
triggers the service point to ship the accumulated defective 
spare parts for repair. The objective is to arrange the repair-
replenishment cycle so as to minimize the overall spare part 
inventory operation cost. For real industrial practice, this 
model also consider the last time buy (LTB) and the defect 
spare part condemnation rate (repair rate). 

The study is organized in four sections, namely the 
introduction, the LTAT process, the simulation result, 
discussion and conclusion. 

 

Figure 3. Trend for defective parts 

 
Figure 4. LTAT method 

II. LTAT PROCESS 

From [6], we develop a two-echelon repairable inventory 
model with infinite service center and service point repair 
capacity considering inventory for last time buy (LTB). The 
model consists of one service center and one service point 
operation. It assumes that service point stocks certain the 
weeks’ inventory as initial buffer for saving ordering cost. It 
only allows one LTB to replenish the deficit of stock for the 
whole service period. The repair TAT is set to be the sum of 
shipping time between service point and service center, as 
well as the repair time in service center. The failure rate is 
assumed to be Poisson distribution. The goal of this study is 
to show that LTAT is a more efficient spare part model.  

Forecasting the next stock out time is the key to LTAT 
method. Spare part failure rate is used to calculate the 
defective parts quantity in timeline. The remaining stock 
comes from the sum of last stock minus the current 
consumed quantity. The service center performs the repair 
and ships the repaired spare parts back to the service point. 
Certain percentage of the parts are lost (repair rate) in the 
repair process 

The LTAT method is show is Fig. 4 and the notation is 
shown in Table 2. A simplified inventory model is 
formulated in equation (1). The objective of this method is to 
lower the related cost to improve spare part operation cost. A 
simplified inventory operation cost is formulated in equation 
(6). 

In our simulation, the product is assumed to be sold 
within 6 months; it is shipped every month and each 
shipment has the same lot size. Warranty period is set to be 
one year. The out of warranty service rate is set to be 1/3 of 
warranty failure rate. Spare part purchasing cost is US$ 300 
per parts, and order handling cost is US$ 100 per order. 
Spare part carrying cost to be 25% of purchase cost per year 
based on [8]. Shipping cost with larger volume assume has 
10% cost reduction (US$ 0.5 and US$ 0.45). Due to the 
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purpose of this study is to prove LTAT method is feasible 
superior in performance, Microsoft EXCEL is enough to be 
the tool. 

 LTBWKWKWKWK HRSDFHRSAOSAOS  1  (1) 

 WKWKWK DOWDIWDF 
 (2) 

 WKWKWK IWFRSIWDIW x  
 (3) 

 WKWKWK OWFRSOWDOW x  
 (4) 

 
)1(x  HRSDFHRS RTATWKWK    (5) 

 SCOpT CCCCC 
 (6) 

 ppup QCC x  
 (7) 

 opoo QCC x  
 (8) 

 hpyc TCC x  
 (9) 

 spss QCC x  
 (10) 

 

TABLE II. NOTATIONS 

Parameters Description 

wk week (wk = 0, 1…,WK) 

RTAT Repair turnaround time, RTAT is set in 4 weeks. 

WK WK is ends at assigned period in Week 

AOSwk 
ASP (Authorized Service Party) on hand stock by 

week 

HRSwk Head Quarter Replenishment Shipment by week 

HRSLTB 
Head Quarter Replenishment Shipment-last time 

buy  

DFwk Defect parts by week 

DIWwk In warranty defect parts by week 

DOWwk Out of warranty defect parts by week  

SIWwk Sales quantity still in warranty 

SOWwk Sales quantity is out of warranty 

IWFRwk 
In warranty failure rate by week (Annual failure 

rate/52) 

OWFRwk 
Out of warranty failure rate by week (Annual 

failure rate/52) 

CT Cost for total spare part operation 

Cp Cost for spare part purchasing 

Co Cost for order process 

Cc Cost for carry cost 

Cs Cost for shipping  

Cpu Cost per spare part 

Cpo Cost per order issue 

Ccy Cost for spare part carrying one year (25% of Cpu) 

Cps Cost per shipping spare part 

Qp Quantity of spare part purchase 

Qo Quantity of order issue 

Qs Quantity of spare part ship 

Th Spare part holding period 
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TABLE III. THE FORECASTING AND REPLENISHMENT 

 
 

 

Figure 5. Spare part inventory transits 

 
From Table 3 and Fig. 5, the forecasting result, the first 

stock out time occurs at week 21 and the shortage quantity is 
41.72 (AOS21). The service point must send the defective 
parts under the minimum repair TAT (4 weeks) at week 17 
for repair so that parts will be repaired and shipped back on 
week 21. When the repaired parts arrive, the AOS21 changes 
to a quantity of 200.46. Similar situation happens at week 25 
(14.33 and 132.03) and at LTB arrives week 26, and this will 
be repeated until the service period is completed. 

III. THE SIMULATION RESULT  

 

Figure 6. Fix defect parts return cycle 

 
Figure 7. Flexible defect parts return cycle 

 
Figure 8. Fix vs. flexible no stock out 

This section compares the performance of fix cycle 
model to LTAT based on the simulation result. First, Fig. 6 

WK 0 WK 17 WK 18 WK 19 WK 20 WK 21 WK 22 WK 23 WK 24 WK 25 WK 26 WK 27

DRwk 0.89 36.39 39.05 41.72 44.38 47.04 49.70 52.37 55.03 57.69 59.47 61.24

OOWRwk 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DRTotal 0.89 36.39 39.05 41.72 44.38 47.04 49.70 52.37 55.03 57.69 59.47 61.24

Effective DRTotal 0.75 30.93 33.20 35.46 37.72 39.99 42.25 44.51 46.78 49.04 50.55 52.06

DRAcc. 0.75 242.17 33.20 68.65 106.38 146.36 42.25 86.76 133.54 182.57 233.12 285.18

DRSwk 242.17 146.36

RP 242.17 146.36 346.00

HRSwk/LTB 415.38

AOSwk 414.50 130.48 91.42 49.70 5.33 200.46/41.72 150.75 98.39 43.36 132.02/14.33 418.56 357.32

AFRwk 6 :  6% OOWRRwk : 2% HTR : 15% Initial Buffer : 6 weeks Last Time Buy : 5 Weeks 

Advances in Economics, Business and Management Research, volume 31

157



shows when fix cycle model has initial buffer level above 12 
weeks, there is no stock out occurs. In the meantime, LTAT 
performance as shown in Fig. 7 tells when the initial buffer 
level is set at 6 weeks with LTB 4.95 weeks’ quantity; there 
is no stock out as well. This result clear indicates that LTAT 
model can provide no stock out under lower initial buffer. 
Furthermore, by observing these two models’ behavior 
shown in Fig. 8, we found that LTAT model needs less 
replenishment cycle compare to fix model (40 vs 31). Table 
4 summarizes the operation cost calculation of these two 
models based on equation (6). The result shows that LTAT 
model’s operation cost is US$ 45,178.35 (11.97%) lower 
than the fix cycle model.  

Focusing on the replenishment cycle times, we compare 
fix model with 12 weeks’ initial buffer and LTAT model 
with 6 weeks’ initial buffer together with 6 weeks LTB as 
shown in Table 5. Table 5 still indicates flexible model has 
advantages both in replenishment cycle (23 vs. 31) and 
operation cost (US$ 16,330.77 or 4.33%). By these facts, it 
concludes that flexible model even when runs higher 
replenishment times, the benefit in lower initial buffer still 
drives operation cost is firmed. 

TABLE IV. FLEXIBLE MODEL BENEFIT (IB: 10.95) 

 

TABLEV. FIX AND FLEXIBLE MODEL WITH 12 WEEKS INITIAL BUFFER  

 

IV. CONCLUSION 

This study shows that LTAT model is more effective in 
managing spare part inventory operation by lowering the 
operation cost and the replenishment cycle. We also consider 
last time buy and spare part repair rate in the simulation. 
Another benefit of this method is its simplicity in 
understanding and operation. For future research, we can 
consider initial buffer and last time buy quantity.  
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Qty. Sub-Total Qty. Sub-Total

Purchase Cost/piece US$300.00 831 US$249,230.77 757 US$227,100.00

Carrying Cost/year US$75.00 831 US$124,650.00 757 US$100,739.42

Order Cost/order US$100.00 31 US$3,100.00 40 US$4,000.00

Shipping Cost/piece US$0.50 831 US$415.50 757 US$378.50

US$377,396.27 US$332,217.92

Costs/IB week

12 vs. 10.95

Fix Period Flexible Period
Benefit

Cost In USD

Sub-Total

US$45,178.35

Cost In USD

Qty. Sub-Total Qty. Sub-Total

Purchase Cost/piece US$300.00 831 US$249,230.77 831 US$249,300.00

Carrying Cost/year US$75.00 831 US$124,650.00 831 US$109,050.00

Order Cost/order US$100.00 31 US$3,100.00 23 US$2,300.00

Shipping Cost/piece US$0.50 831 US$415.50 831 US$415.50

US$377,396.27 US$361,065.50

Shipping Cost/piece for LTAT modle due to high volume per shipment get 10% discount for 0.45 per picec.

US$16,330.77

Sub-Total

Costs/IB week

12 vs. 12

Fix Period
Fix Period Flexible Period

Benefit
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