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Time waste differs from material waste in that there can be no salvage.
The easiest of all wastes and the hardest to correct is the waste of time,
because wasted time does not litter the floor like wasted material.
Henry Ford
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RESUMEN EJECUTIVO
Nowa Szkoła, la compañía donde se ha desarrollado este proyecto, quería saber si sería
posible implementar en su fábrica de muebles dos técnicas para su proceso productivo: VSM:
Value Stream Mapping (Mapa del Flujo de Valor) y “One Piece Flow” (“Flujo de Una Pieza).
Para ello, fue necesario visitar la empresa en primer lugar y familiarizarse con los tipos de
procesos que llevaban a cabo para la fabricación de sus productos. Así, fue sencillo escoger
un producto que cumpliera las características para analizar su proceso de producción e
identificar cuellos de botella y posibles mejoras.
Después de haber estudiado y analizado la documentación de estas técnicas, se tomó la
decisión de hacer un estudio de métodos y tiempos del flujo que recorre el producto en
cuestión, el cual era muy similar al del resto de los productos fabricados en esa planta.
Con el objetivo de crear una sugerencia de mejoras, estos tiempos del proceso productivo
fueron analizados, y con ellos se calcularon otros tiempos para, posteriormente, analizarlos y
elaborar una nueva línea de producción que disminuyera desperdicios utilizando alguna de
las técnicas propuestas por Nowa Szkoła.
Por un lado, el Mapa de Flujo de Valor resultó no ser de más utilidad que meramente
ilustrativa; sin embargo, ha sido una buena herramienta para representar de manera visual el
flujo del proceso productivo y los tiempos de sus elementos.
Por otra parte, el Flujo de Una Pieza si pareció interesante y, sobre todo, factible después de
haber examinado los tiempos de los productos moviéndose en lotes por los diferentes
elementos y comparando esta producción en lotes con los calculados si éstos se hubieran
movido pieza por pieza.
Por tanto, después de haber analizado con mucho detalle los tiempos del proceso productivo,
una nueva línea de producción fue propuesta y explicada a través de ciertos conceptos como
la Teoría de las Restricciones (TOC), DBR: Drum, Buffer, Rope (Tambor, Amortiguador, Soga)
y el tiempo Takt.
Combinando estas teorías con el principio de “eliminar pasos improductivos y sin valor del
proceso” de Lean Manufacturing, se llegó a reducir desperdicios y a acelerar y equilibrar el
flujo del proceso. Algunos de los 7 desperdicios definidos por Toyota junto con los indicadores
(KPI) elaborados en el trabajo, sirvieron para analizar los resultados y mostrar las ventajas de
la nueva propuesta de mejora sobre la situación actual:
- No existe Sobreproducción debido al sistema PULL “bajo demanda”.
- Reducción de Defectos por la utilización de la técnica “Flujo de Una Pieza”.
- Reducción del Tiempo de Espera gracias a la explotación del cuello de botella.
- Reducción del Inventario Intermedio debido a la implementación del “Flujo de Una Pieza”.
En conclusión, una gran cantidad de tiempo estaba siendo perdido, tiempo que podría estar
siendo utilizado y aprovechado para producir más rápido y, por ello, más productos. En
consecuencia: si sus productos son fabricados más rápidamente, los clientes recibirán sus
pedidos antes y estarán mucho más satisfechos la compañía; por lo tanto, probablemente
volverán a confiar en la empresa y a recomendar sus servicios; el negocio crecerá teniendo
más consumidores y siendo capaz de satisfacer su demanda.
Finalmente, todos estos beneficios llevarán a la compañía a ganar más dinero: lo que fue
definido por la teoría TOC como el objetivo general de esta empresa lucrativa.
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RESUMEN
En este proyecto se ha creado una propuesta de mejoras para el proceso de producción de
una empresa manufacturera polaca de muebles llamada Nowa Szkoła.
Ésta trabaja en producción tipo PULL, lo cual quiere decir que solo producen cuando reciben
pedidos de sus clientes, pero no tiene ningún tipo de programa de planificación y el control de
éstos es bastante pobre; sin embargo, la compañía se niega a cambiar este aspecto porque
no se quieren adaptar a un nuevo método. A pesar de esto, son totalmente conscientes de
que algo están haciendo mal en su proceso productivo y de que necesitan ayuda externa para
encontrar una solución para su organización.
Nowa Szkoła había estado pensando en implementar en su organización dos técnicas
diferentes, pero relacionadas: “One Piece Flow” (Flujo de Una Pieza) y “VSM: Value Stream
Mapping” (Mapa del Flujo de Valor). Por lo que le preguntó a la Universidad Tecnológica de
Łodz si tendría algún alumno interesado para acudir a su fábrica, analizar la planta, escoger
un producto y demostrar si sería posible y, por su puesto, eficiente implementar estas técnicas
u otras mejoras similares.
El objetivo principal de este proyecto era investigar, analizar y encontrar soluciones a
problemas relacionados con desperdicios en el proceso productivo de Nowa Szkoła para, más
adelante, crear una propuesta de mejora para su implementación.
Los objetivos específicos a lo largo del trabajo han sido:
1)
2)
3)
4)
5)

Hacer un estudio de métodos y tiempos del proceso productivo.
Contemplar la posibilidad de sincronizar pasos consecutivos del proceso.
Analizar los tiempos para tratar de implementar “One Piece Flow”.
Representar el proceso a través de VSM y diagramas de flujo.
Identificar mejoras para poner en marcha en la compañía.

Taiichi Ohno, el jefe ingeniero de Toyota por muchos años, creó el Sistema de Producción de
Toyota (TPS) a través de la aplicación de varias técnicas de mejora de los procesos
productivos tratando de reducir siete tipos de desperdicios que no añadían valor al producto
y/o al cliente:
- Sobreproducción: producir una mayor cantidad de la requerida por el cliente e invertir en
equipo con más capacidad de la necesaria.
- Tiempo de espera: inventario y empleados parados, mientras que otros puede que estén
saturados de trabajo.
- Transporte: movimiento de material innecesario.
- Sobre-procesamiento: hacer más trabajo en un producto del necesario.
- Exceso de almacenamiento de inventario: retener el inventario entre los diferentes pasos del
proceso.
- Movimiento: movimiento innecesario de trabajadores o máquinas debido a una incorrecta
distribución de la planta (layout).
- Defectos: hacer productos con fallos o errores.
De acuerdo con Ohno (1988), “Todo lo que hacemos es mirar la línea del tiempo desde el
momento en que el cliente nos hace un pedido hasta el punto que recibimos el dinero. Y
nosotros estamos reduciendo el tiempo mientras eliminamos estos desperdicios sin valor
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añadido”. Y, básicamente, en eso consiste la tecnología Lean, en eliminar desperdicios al
tiempo que se buscan mejoras.
Este proyecto se ha llevado a cabo en la fábrica de Nowa Szkoła, localizada en Łodz, la cual
está dividida en dos departamentos según el tipo de productos que se fabrican en cada uno:
la carpintería y la sala de costura. La primera labor fue visitar la fábrica, caminar a lo largo de
todo el proceso productivo y observar ambos departamentos y la manera en la que trabajaban;
así como mantener reuniones con los gerentes de producción para obtener una información
más precisa del proceso. Esto significa conocer su control de la planificación, la frecuencia
con la que reciben pedidos, lo que tardan los proveedores en llevar la materia prima o la
frecuencia con la que los pedidos son enviados.
Como este trabajo no podía alcanzar todos los procesos por el límite de tiempo, fue necesario
elegir cuál de los departamentos necesitaría más una mejora y, también, que esta mejora
fuera más realista y marcara una diferencia para la empresa. El departamento de costura era
más complejo por una mayor influencia del factor humano, una menor especialización de los
operarios y una menor presencia de máquinas, por lo que ésta fue seleccionada.
El último paso antes de empezar a trabajar en el proyecto fue analizar la gran variedad de
productos que la compañía fabricaba en ese departamento, observar cómo eran producidos
y después buscarlos en el catálogo para obtener más información sobre ellos. Fue necesario
escoger uno que pudiera englobar, más o menos, todos los pasos que todos los productos
siguen y con el que fuera posible llegar a una solución razonable.
Una consideración importante a tener en cuenta fue que, aunque la compañía, y en concreto
los productos de la sección de costura, tenía una amplia cartera de productos, la mayoría de
los productos seguían el mismo flujo en la línea de producción y pasaban por las mismas
estaciones de trabajo (elementos). Sin embargo, fue muy difícil crear familias de productos
debido a las diferencias en sus tiempos de producción.
En conclusión, se eligió el sofá NS 1507 por tres motivos:




Era uno de los productos más pedidos por los clientes.
Pasaba por todos los elementos de su departamento.
El tamaño era mediano, intermedio entre los más grandes y los más pequeños.

El layout de la planta estaba distribuido de una manera muy conveniente para un flujo recto
orientado al producto: todos los elementos estaban colocados en línea.
La primera tarea para la realización del trabajo fue medir los tiempos del proceso productivo.
Para lo cual fue necesario dividirlo en elementos y subdividir éstos en actividades más
pequeñas, suficientemente cortas en duración pero suficientemente largas como para ser
capaz de tomar sus tiempos con un cronómetro manualmente.
Por tanto, los elementos para el sofá NS 1507, y para casi todo el resto de productos, era:
1)
2)
3)
4)
5)
6)

Cortar la tela con una máquina específica.
Coser las partes principales del sofá con una máquina de coser.
Cubrir la espuma con estas piezas cosidas.
Unir esta pieza con la parte de debajo de tela con clips.
Coser esta parte de debajo al resto de la pieza.
Empaquetar el producto final.

Para un mejor entendimiento del flujo del proceso de producción, se decidió dibujar el VSM
con los tiempos de cada elemento y alguna que otra información recopilada.
El Mapa de Flujo de Valor (VSM) es una herramienta de diagnóstico para la implementación
de Lean Manufacturing. Es el procedimiento de mapear el flujo de material e información de
un proceso productivo en una compañía. “Un flujo de valor es todas las acciones (con y sin
Escuela Técnica Superior de Ingenieros Industriales (UPM)

valor añadido) requeridas para llevar un producto a través de su flujo: (1) el flujo de producción
de la materia prima hasta las manos del cliente, y (2) el flujo de diseño desde el concepto
hasta su lanzamiento.” (Rother, Shook, 1993:3). Womack y Jones definen el VSM como “el
conjunto de todas las acciones específicas requeridas para llevar un producto por sus tres
tareas críticas de gestión: resolución de problemas, gestión de la información y transformación
física”.
Primero, este VSM hubo que dibujarlo a mano en un papel recogiendo los datos que pueden
ser capturados en el primer paseo por el proceso. Después, cuando los tiempos de los
elementos y del inventario fueron conocidos, una última versión de éste presentaría mejor
todo el flujo del producto.
Además, se utilizaron diagramas de proceso para ilustrar las diferentes actividades llevadas
a cabo en cada elemento. Un diagrama de proceso es también un esquema del movimiento
de material, productos o personas, por lo que son muy utilizados en los sistemas
manufactureros para ayudar a la comprensión, análisis y comunicación de sus procesos.
Como se ha dicho con anterioridad, fue necesario hacer un estudio de métodos y tiempos.
Según Heizer y Render (2015) dicen en su libro “Dirección de la Producción y de Operaciones:
Decisiones Estratégicas”, “El estudio de métodos es un procedimiento para determinar cómo
se hace una tarea; examina los elementos y las actividades de un proceso productivo para
desarrollar mejoras.” Éste se usa para analizar:




El movimiento de las personas y el material.
La actividad de las personas y las máquinas.
Los movimientos del cuerpo.

En este proyecto, los diferentes niveles de la compañía fueron interpretados en varios
diagramas:
- El proceso productivo completo en el VSM.
- El flujo para un producto específico a través de los diferentes elementos se representó en
un diagrama con fotos.
- El grupo de actividades de cada elemento se reprodujo en diagramas de flujo.
Este estudio está muy relacionado con otra herramienta llamada “Medición del Trabajo”,
porque para analizar estos diagramas el trabajo y los tiempos tienen que ser previamente
medidos y estandarizados.
La Medición del Trabajo es la aplicación de varias técnicas para determinar el tiempo que
tarda un trabajador cualificado en llevar a cabo una tarea específica. Su objetivo principal es
lograr una mayor productividad, lo que se consigue estandarizando estos tiempos. También
ayuda a analizar, minimizar y eliminar los tiempos improductivos, es decir, los tiempos que no
generan valor añadido.
El “Estudio de Tiempos”, también llamado “estudio de tiempos con cronómetro”, es una de las
técnicas de la Medición del Trabajo que se dedica a registrar los tiempos y los ritmos de
trabajo en las diferentes partes mesurables, que son cronometradas separadamente. Este
estudio se puede realizar con un cronómetro, anotando los tiempos en una hoja de tiempos al
tiempo que la persona está trabajando; o con una cámara de vídeo, visualizando y analizando
las grabaciones posteriormente para anotar toda la información en la hoja de tiempos.
Esta hoja de tiempos ha de ser realizada con anterioridad, y debe contener toda la información
necesaria para que todos los datos puedan ser anotados. La hoja de tiempos que se realizó
en este trabajo es la siguiente:

Beatriz San Miguel Taboadela

“Proposal of improvements in the production process of a product of a furniture company"

Hoja del estudio de tiempos.
.

El estudio de tiempos es un procedimiento de muestreo en el que, dependiendo del caso,
determinadas observaciones han de ser realizadas. En este caso, fue suficiente con dos
repeticiones de un lote de ocho piezas del mismo producto.
El flujo de producción se movía en lotes por los diferentes elementos, lo que significa que un
conjunto de productos (el lote) se mueven juntos por el proceso productivo y no pueden
avanzar al siguiente elemento hasta que todo el lote haya completado ese elemento en
cuestión. Por tanto, las primeras piezas del lote producidas han de esperar a que el resto sean
terminadas y mientras están perdiendo el tiempo. Estos tiempos de espera de estas piezas
intermedias son los llamados tiempos de inventario o stock intermedio.
Una vez que todos los tiempos de todos los elementos fueron recogidos para las dos
repeticiones, se promediaron los tiempos estándares para analizar aspectos como la relación
de tiempos entre los diferentes elementos, el cuello de botella del proceso de producción, los
tiempos de espera de los elementos más rápidos o los tiempos de inventario intermedio.
Sin embargo, para analizar los desperdicios del proceso, fue necesario tener en cuenta que,
como se dijo al principio, la organización de la compañía es bastante pobre, por lo que tienen
muchos lotes de stock intermedio esperando a ser producidos por su siguiente elemento. Por
lo tanto, el hecho de que el segundo elemento resultara el cuello de botella de este proceso
por ser la estación de trabajo que tardaba más tiempo en realizar su tarea para todo el lote,
no significaba que los siguientes elementos estuvieran esperando a que terminara el lote para
poder recogerlo y empezar su trabajo. Los operarios trabajaban en los lotes de stock
intermedio sin orden para no estar ociosos y malgastando sus horas de trabajo.
Con todo, este stock intermedio no es una ventaja en absoluto, ya que son productos semiterminados que podrían estar siendo producidos y, en lugar de eso, están parados esperando
a ser terminados. Además, este stock intermedio ocupa mucho espacio que podría ser
utilizado para realizar otras actividades, o incluso para que los trabajadores estuvieran más
cómodos, tuvieran más espacio en sus estaciones de trabajo y una mejor visión de la planta.
Se ha visto que existían dos tipos de tiempo de espera, el de inventario intermedio causado
por la producción en lotes, que pudo ser calculado; y el de lotes de stock intermedio causado
por la desorganización de la compañía, el cual es prácticamente imposible de calcular sin
organización de la producción. Es por eso que se han calculado los tiempos de espera entre
elementos como tiempos de espera “mínimos”, ya que solo se ha tenido en cuenta el primer
tipo, suponiendo que los lotes tienen que esperar más tiempo pero este último es desconocido.
Después de haber calculado estos tiempos de espera, se observó que había muchos
desperdicios en el proceso. Mucho tiempo estaba siendo malgastado, tiempo que podría estar
siendo aprovechado para fabricar más rápido y, por tanto, más productos.
Una vez que todos los tiempos fueron conocidos, fue el momento de dibujar el actual VSM
por lotes para ilustrar el proceso productivo con los tiempos de sus elementos, los cuellos de
botella y los tiempos de espera. Pero antes fue necesario elegir el software más adecuado
para su realización.
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Con el objetivo de comparar los principales aspectos de cuatro de los softwares más comunes
en el ámbito de VSM (Visio Microsoft Office, eVSM, SmartDraw y Edraw) se eligieron cinco
categorías: iconos, aspectos técnicos, precios, aspectos ergonómicos y automatización.
Finalmente, después de haberlos analizado, se escogió Visio, que también se había usado
para dibujar los diagramas de flujo.

Actual VSM

Después de haber analizado la situación actual de Nowa Szkoła, se dedujo que su proceso
productivo podía ser mejorado sustancialmente. Por ello, se proponen una serie de
sugerencias para su mejora.
Lo primero que se hizo fue comparar los tiempos de ciclo de cada elemento para comprobar
si algunos eran similares y se podían sincronizar o agrupar.
El tiempo de ciclo (CT: Cycle Time) es el tiempo que trascurre entre que una pieza de un
producto empieza un elemento y la siguiente pieza empieza el mismo elemento. Es decir,
cuánto tarda una pieza en completar todas las actividades de un elemento.
En un sistema de flujo de producción sincronizado, los productos también son procesados en
lotes, pero después de una cantidad determinada de tiempo (tiempo de bucket uniforme) el
lote avanza al siguiente elemento. Si, en este caso, este tiempo fuera el del cuello de botella,
el resto de elementos tendrían que estar esperando para poder empezar a realizar sus
actividades. Por ello, los elementos no se pueden sincronizar por la gran diferencia de sus
tiempos de ciclo.
La tecnología de grupos es otro concepto, relacionado con este último aspecto, que fue
definido porque en un primer momento se pensó que, aunque la sincronización de elementos
no pudiera ser aplicada, algunos podrían ser agrupados y así se ahorraría algo de tiempo.
Este término sentencia que “las cosas similares deben hacerse similarmente”. Por tanto, si
dos elementos tuvieran tiempos similares y fueran adyacentes en una secuencia, podrían
trabajar juntos al mismo tiempo como un flujo de producción sincronizado, avanzando las
piezas de un elemento a otro sin la necesidad de esperar a todo el lote.
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Sin embargo, esta solución no pareció la más óptima, por lo que se decidió seguir pensando
en otras técnicas que pudieran reducir el desperdicio de tiempo y mejorar el proceso
productivo.
Como se dijo al principio, Nowa Szkoła quería saber de qué manera sería productivo
implementar VSM y One Piece Flow. Una vez que la implementación del VSM fue analizada,
se prosiguió a estudiar la posible aplicación de la última.
One Piece Flow es una técnica donde una única pieza avanza elemento a elemento sin
generar tiempos de espera. Esto significa que, una vez que un elemento ha terminado sus
actividades para una pieza, esta pieza continúa su flujo sin la necesidad de esperar a que
termine el lote de piezas.
Con el objetivo de analizar esta propuesta, se trabajó en los tiempos recogidos del proceso
productivo y se calcularon los tiempos para cada elemento como si, en lugar de haberse
fabricado los productos en producción por lotes, se hubiese hecho uno por uno.
Para comparar los dos sistemas One Piece Flow y producción por lotes, se elaboró una tabla
con:





Los tiempos de los elementos de las ocho piezas en producción por lotes.
Los tiempos de los elementos de una pieza del lote de ocho en producción por lotes.
Los tiempos de los elementos de las ocho piezas en One Piece Flow.
Los tiempos de los elementos de una pieza del lote de ocho en One Piece Flow.

Después de estudiar estos tiempos, se seleccionaron los más convenientes (los menores)
para empezar a crear la propuesta con el menor Lead Time (el tiempo necesario para que una
pieza complete todo el flujo del proceso productivo desde el principio hasta el final.)
Se observó que el primer elemento (cortar la tela) era el único que tardaba menos tiempo en
producir en producción por lotes que en One Piece Flow. Esto es porque las piezas de un lote
se cortan todas juntas, debido a la posibilidad de cortar más de un trozo de tela al mismo
tiempo (unas encima de las otras). Por lo que si no se aprovechara esta ventaja, cortar cada
pieza de tela una por una llevaría mucho más tiempo al cortador.
Para el resto de elementos los tiempos eran iguales, si no menores para One Piece Flow, por
lo que hubo que considerar los tiempos de espera y de inventario intermedio para comparar
ambos sistemas. Ya que en One Piece Flow no existe el inventario intermedio por esperar al
resto del lote, se concluyó que esta era el mejor sistema para ellos.
A pesar de haber demostrado que esta opción ahorraba tiempo, se decidió realizar algunos
cálculos para elaborar una propuesta de línea de producción óptima.
El objetivo inicial era implementar One Piece Flow, pero una de las condiciones que ha de
cumplirse para aplicar esta técnica es que los tiempos deben ser repetibles y los procesos
tienen que ser capaces de alcanzar un tiempo takt.
El término tiempo takt está relacionado con el sistema Pull porque ajusta el ritmo de la
producción a la demanda. Es necesario que la línea de producción esté sincronizada y que
sus elementos estén equilibrados en este tiempo disponible.
Por tanto, fue necesario pensar en otras combinaciones de los elementos y sus tiempos para
llegar a la solución final. El diagrama representado a continuación ilustra la solución a la que
se llegó:
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Propuesta de línea de producción

Para entender mejor este diagrama se representa debajo la línea de producción actual:

Línea de Producción actual

A continuación se explican algunos aspectos para su mejor entendimiento:
- Las letras en círculos azules representan a los operarios, los números recuadrados al lado
de las flechas son el número de piezas que fluyen por los elementos y los tiempos que tienen
debajo lo que tardan en realizar sus actividades.
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- En la propuesta se ha añadido un/a costurero/a, pero la persona que cubría la espuma se
ha eliminado del proceso. En su lugar, las dos personas necesarias para juntar las partes
principales con la parte de abajo con clips (operarios D y E) realizan esta tarea también, ya
que no requiere ningún tipo de especialización. Por lo que al final el número de operarios
resulta ser el mismo que en la situación actual.
- Como D y E trabajan juntos, las 2 piezas que ambos/as costureros/as les pasan no continúan
hasta los operadores F1 y F2 (elemento 5) hasta que completan los elementos 3 y 4 para las
2 piezas, lo cual lleva 0:06:39.
- El cortador A le da 4 piezas principales a cada uno/a de los/as costureros/as (en total el lote
de 8) después de 0:14:36 y, justo a continuación, empieza a cortar el lote de 8 piezas de parte
de abajo.
- Después de 0:07:03, el cortador A termina de cortar las 8 partes de abajo y se las da
directamente a los operadores D y E, que no las habían necesitado antes. Esto es porque
empiezan a unirlas con las partes principales después de que éstas hayan sido cosidas y
hayan cubierto la espuma (0:06:08 + 0:01:45 = 0:07:53). Este tiempo es mayor que 0:07:03,
por lo que reciben las partes de abajo para unirlas justo a tiempo.
- Ha de ser demostrado que el tiempo que tarda el operario A en cortar los lotes de ambas
partes es el mismo que el tiempo que tardan los demás operarios en finalizar el lote de 8
piezas. Para ello, los tiempos de los otros elementos se multiplican por 4, ya que trabajan con
2 piezas al mismo tiempo.
Se ha demostrado que, aunque One Piece Flow no trabaja siempre con una pieza, sino que
también con dos, este método es aplicable.
Concluyendo, es claramente visible que los tiempos finales en terminar el lote de 8 son
bastante similares, por lo que se procedió a aplicar la Teoría de las Restricciones (TOC).
De acuerdo con Aguilera (2000), TOC es “una metodología que sirve a la gestión de la
compañía para operar hacia la consecución de resultados de manera lógica y sistemática,
contribuyendo a garantizar el principio de continuidad de negocio”.
Para desarrollar este proceso de mejora continua, hay que seguir 5 pasos:
1)
2)
3)
4)

Identificar la restricción del sistema: el cuello de botella.
Decidir cómo explotar esta restricción.
Subordinar todas las actividades del sistema a esta limitación.
Reducir los efectos de la limitación: aumentando la capacidad o disminuyendo el
trabajo.
5) Implementar y repetir el ciclo.
En este caso, el objetivo de la compañía, al ser lucrativa, es ganar dinero; lo cual quieren
conseguir a través de una mejora en el proceso productivo. El cuello de botella es aquel
elemento que es más lento y ralentiza el proceso de producción, por lo que han de explotarlo
y subordinar el resto de actividades a esta limitación.
Observando la nueva propuesta de línea de producción, se ve que el operador G tarda 0:06:40
en realizar sus actividades para 2 piezas, el mayor tiempo comparándolo con el resto; 0:26:40
es lo que tarda en terminar el lote de 8 piezas, el cual es el tiempo más alto también. Por
tanto, el 6º elemento (empaquetar) es el cuello de botella de este proceso.
Para aplicar esta teoría es necesario definir previamente el método DBR derivado de la TOC.
DBR (Drum, Buffer, Rope), que significa Tambor, Amortiguador, Soga, es un método
desarrollado desde los fundamentos de la TOC: reconoce la limitación y propone un sistema
de planificación de la producción.
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El Tambor representa el tiempo de producción dictado por la restricción del proceso (en este
caso el elemento 6). Por lo que este tiempo (0:06:40) ha de garantizar que no se perderá
capacidad de este recurso, porque supondría una pérdida para todo el sistema. Como la
palabra sugiere, el tambor fija el ritmo del proceso para que no se generen atascos y que el
plan continúe como lo establecido. El resto de actividades han de seguir este ritmo que
corresponde al tiempo planeado para la máxima explotación del recurso limitante, por lo que
es muy importante que no se altere.
Este tiempo limitante puede ser también el “Takt Time”, el tiempo disponible para producir
cada unidad de producto de la demanda. Éste se calcula dividiendo el tiempo disponible (en
este caso el Lead Time, es decir, el tiempo que tarda el cuello de botella en realizar las
actividades del elemento para todo el lote) dividido entre el número de piezas en un lote.
Con el objetivo de evitar la pérdida de capacidad mencionada anteriormente, un tiempo Buffer
fue añadido al tiempo Tambor (amortiguador). Este margen es necesario porque los procesos
pueden presentar fluctuaciones, lo que puede afectar al ritmo del tambor. El objetivo principal
es que el proceso restrictivo no pare sus funciones. Esto desconecta la limitación respecto de
las incertidumbres del resto de recursos, por lo que no le afecta. El resto de recursos trabajan
por debajo de sus posibilidades, por eso no necesitan un tiempo buffer.
Finalmente, la Soga representa el “comienzo de las operaciones”; es una señal del
amortiguador al principio de la línea. La velocidad a la cual los materiales avanzan debe estar
alineada con el ritmo del proceso, así el resto de elementos se subordinan al cuello de botella.
Esto significa que una nueva orden de comienzo es dada cuando el cuello de botella está
terminando sus actividades.
En conclusión, la propuesta de mejora para este proceso productivo sería esta organización
de la línea de producción y cada elemento realizaría sus actividades cada 7 minutos (0:06:40
+ buffer time: 20 segundos) y cada 28 minutos (7 min. x4) para el lote completo.
Para calcular los tiempos de espera de este sistema se ha supuesto que solo son del tipo de
inventario intermedio: el tiempo que una pieza tendría que esperar si un elemento realiza dos
piezas en un tiempo takt. Esto es porque ahora los operadores conocen el tiempo disponible
que tienen para completar sus elementos. Por lo que, si son más rápidos pueden operar más
despacio, descansar si acaban antes de tiempo o ayudar a la organización del proceso. Esta
es la razón por la que este tipo de tiempos de espera son llamados, al contrario que en la
situación actual: tiempos máximos de espera.
El VSM para esta propuesta de mejora ha sido representado, en vez de por lotes, siguiendo
el sistema “One Piece Flow”.
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VSM de la propuesta de mejora

Una vez que se obtuvo toda la información de la propuesta de mejora, ésta fue comparada
con la situación actual mediante indicadores KPI, los cuales verifican la validez de la propuesta
y muestran las mejoras del proceso productivo.
Un indicador clave de rendimiento (KPI) es una medida del nivel de consecución de un
proceso. Éstos cuantifican los resultados de una estrategia de acuerdo con sus objetivos
previamente definidos.
Para elaborar estos KPI para medir el control de la productividad de la propuesta de
organización, su información fue comparada con la de la situación actual.
Los factores más importantes que fueron cuantificados son:
- El número de operarios trabajando en un turno.
- El tiempo de ciclo de cada elemento y el Lead Time del proceso productivo.
- Los tiempos de espera.
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Finalmente, se argumentó por qué se debería hacer un cambio en el sistema de producción y
por qué esta es una buena propuesta de mejoras para incrementar la productividad de la
compañía, reducir desperdicios y, sobre todo, ahorrar mucho tiempo.
Para comparar ambas situaciones, era importante que el número de operarios fuera el
mismo, de esta manera el coste de la mano de obra era el mismo. Al ser este indicador
analizado, se comprueba lo que ha sido explicado previamente: la adición de una costurera al
tiempo que otro operario era eliminado. En conclusión, ambos sistemas tienen 8 operarios.
Si los tiempos de ciclo son analizados, está claro que en la situación actual son muy diferentes
entre ellos; además fueron recogidos para el lote completo y la nueva propuesta trabaja por
piezas, en One Piece Flow. Por tanto, es complicado compararlos directamente y resulta
mucho más útil comparar sus Lead Times.
El Lead Time de cada uno de los sistemas es uno de los factores que sugiere claramente
implementar esta propuesta de mejoras en la compañía. Mientras que en la situación actual
se tarda 2:29:46 en producir un lote completo de ocho sofás, solo se tarda 28 minutos en
producir ocho piezas trabajando en esta variante de One Piece Flow para la nueva
organización, lo que es más de 5 veces menos que produciendo en lotes.
Finalmente, los tiempos de espera es uno de los indicadores más complicados de analizar.
Esto es porque, actualmente, la compañía carece de una organización eficiente y los tiempos
de los lotes de inventario intermedio no son conocidos. Sin embargo, otros tiempos de espera
importantes que producen desperdicios en la producción por lotes son aquellos que fueron
definidos como tiempos de espera mínimos. Por lo que éstos son bastante mayores cuando
un elemento ha de esperar a otro a que termine el lote para empezar sus actividades con ese
lote.
Con todo, y considerando que, al contrario, los tiempos de espera de la nueva propuesta
fueron definidos como máximos, actualmente las piezas esperan un tiempo mínimo de
1:51:08, tiempo ridículamente mayor que el máximo de la propuesta de este proyecto: 0:35:24,
el cual es más de 3 veces menor que en la situación actual.
Finalmente, después de haber analizado estos 3 KPIs, el resumen es que teniendo el mismo
número de operarios, la situación actual tarda más de 5 veces más en completar el flujo del
Escuela Técnica Superior de Ingenieros Industriales (UPM)

proceso y el inventario intermedio espera más de 3 veces más que en la propuesta sugerida.
Por lo que está claro que esta propuesta mejora el proceso productivo y la compañía debería
pensar seriamente sobre implementarla.
Para concluir, se ha visto que aplicando los conceptos TOC, DBR y tiempo Takt con el
principio de “eliminar pasos improductivos y sin valor añadido” de Lean Manufacturing, fue
mucho más sencillo alcanzar los objetivos de reducir desperdicios y acelerar y equilibrar el
flujo del proceso.
Algunos de los 7 desperdicios definidos por Toyota junto con los indicadores (KPI) elaborados
en el trabajo, sirvieron para analizar los resultados y mostrar las ventajas de la nueva
propuesta de mejora sobre la situación actual:





No existe Sobreproducción debido al sistema PULL “bajo demanda”.
Reducción de Defectos por la utilización de la técnica One Piece Flow.
Reducción del Tiempo de Espera gracias a la explotación del cuello de botella.
Reducción del Inventario Intermedio debido a la implementación de One Piece Flow.

Una gran cantidad de tiempo estaba siendo perdido, tiempo que podría estar siendo utilizado
y aprovechado para producir más rápido y, por ello, más productos. En consecuencia: si sus
productos son fabricados más rápidamente, los clientes recibirán sus pedidos antes y estarán
mucho más satisfechos con la compañía; por lo tanto, probablemente volverán a confiar en la
empresa y a recomendar sus servicios; el negocio crecerá teniendo más consumidores y
siendo capaz de satisfacer su demanda.
Por último, todos estos beneficios llevarán a la compañía a ganar más dinero: lo que fue
definido por la teoría TOC como el objetivo general de esta empresa lucrativa.
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SUMMARY
Nowa Szkoła, the company where this project has been developed, wanted to know if it would
be possible to implement in their furniture factory two techniques for their production process:
“Value Stream Mapping” (VSM)and “One Piece Flow”.
In order to satisfy their request, it was necessary to visit the company firstly and becoming
familiarized with the kind of processes that they carried out for the production of their products.
So it was easy to select a product that would meet the characteristics to analyse their
production process and identify bottlenecks and possible improvements.
After having studied and analysed the documentation of these techniques, it was decided to
make a study of methods and times of the flow of the product at issue, which was very similar
to the rest of the products produced in that plant.
In order to create a suggestion of improvements, these times of the production process were
analysed, and other times were calculated to, subsequently, analyse them and elaborate a
new production line that would decrease the wastes by using the techniques proposed by
Nowa Szkoła.
On one hand, the VSM did not result to have any more usage than being merely illustrative;
however, it has been a good tool to visually represent the process flow and the times of its
elements.
On the other hand, One Piece Flow did seem interesting and, specially, feasible after having
examined the times of the products moving in batches through the elements and comparing
this batch production with the times calculated supposing the products had moved piece by
piece.
Therefore, after having analysed with much more detail the times of the production process, a
new production line was proposed and explained through certain concepts such as the Theory
of Constraints (TOC), Drum, Buffer, Rope (DBR) and the Takt time.
Combining these theories with the Lean Manufacturing principle “eliminate unproductive and
non-value steps of the process”, wastes were reduced and it was possible to speed and
balance the flow of the process. Some of the 7 wastes defined by Toyota along with the Key
Performance Indicators (KPI) elaborates in this project, were useful to analyse the results and
show the advantages of the new proposal of improvement over the current situation:
- No Overproduction due to the PULL system “on-demand”.
- Reduction of Defects for using the technique “One Piece Flow”.
- Reduction of Waiting Times thanks to exploiting the bottleneck.
- Reduction of Intermediate Inventory due to the implementation of “One Piece Flow”.
In conclusion, much time was being lost, time that could be being used and squeezed to
produce faster and, therefore, more products. In consequence: if their products are produced
more rapidly, clients will receive earlier their orders and they will be much more satisfied with
Nowa Szkoła; so they will probably trust again on the company and will recommend their
services; the business will grow having more customers and being able to satisfy their demand.
Finally, all these advantages will lead the company to make more money: which was defined
by the TOC theory as their main goal for being a profit business.
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Introduction

1
1.1

INTRODUCTION
Presentation

In this project a proposal of improvements was created for the production process of a Polish
manufacturing company of furniture that works in the national and international market.
This company, named Nowa Szkoła, does not have a planning programme and the control of
their orders leaves much to be desired, but they refused to change this aspect because they
do not want to adapt to a new method. However, they are fully aware that they are doing
something wrong in their production process and that they need some external help to find a
solution for this organization.
Nowa Szkoła asked Łodz University of Technology to have an engineering student at their
company. They had been thinking of implementing in their organization two different, but
related, techniques: One Piece Flow and Value Stream Mapping. So they wanted someone to
analyse the factory and the plant, choose a product and prove if it would be possible and, of
course, efficient to implement these techniques or other similar improvements.
This project presents the initial organization of the production process of Nowa Szkoła,
analyses it, identifies wastes, bottlenecks and potential areas of improvement and tries to find
solutions to them. In conclusion, a proposal has been elaborated to save time and, therefore,
save costs and generate more input.

1.2

Justification

In order to satisfy the company’s request, a specific product was chosen and analysed through
its times in the production process. It was necessary to create a new proposal of organization
for Nowa Szkoła due to its poor planning and the Batch Production technique that they were
using and it was causing them several wastes. This way, the improvements would be evaluated
and they would be clearly noticed by implementing a series of techniques.

1.3

Aim of the project

The general purpose of this dissertation was to investigate, analyse and find out solutions for
waste-related problems in the manufacturing flow of Nowa Szkoła. Then, to create a proposal
of improvement for them to implement.
The specific objectives along the project were:
1) Selecting and applying a suitable method for work measurement and making a study
template to collect the times.
2) Asses the possibility to synchronize adjacent production steps.
3) Selecting the steps that can follow the “One Piece Flow” technique.
4) Depicting the process through “Value Stream Mapping” and flowcharts.
5) Identify any other possible improvement to implement in the company.
This company thought it would be a good idea to improve their production process through
“One Piece Flow” and “Value Stream Mapping”, but it was seen throughout the project that
other techniques should be used to reach the main goal.
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Therefore, to better explain them, these specific goals resulted to be:
1) In order to map the Value Stream, the first thing to do was to take and record the times
of every phase of the process. It was necessary to seek for an appropriate method to
measure these times, so it was decided to utilise “Work Measurement” and “Time
Study”.
2) The inventory times were attempted to be taken, but the planning control did not have
a clear order due to the product mix, so it was impossible to become acquainted with
the exact waiting times of the products between the different steps. Therefore, other
options were considered to reduce any waste of time.
3) To enable the possibility of synchronizing some phases, the times among the different
steps in the production process were compared to see if any of the adjacent ones were
similar in time to be able to work at the same time.
A way to group some stages appeared to be replacing the batch production with the
“One Piece” production.
4) After all this, it was decided to use Value Stream Mapping, flowcharts and other kind
of diagrams to represent the whole production process in a more visual manner.
5) Finally, other organization improvements were found and justified.

1.4

Methodology

The methodology used in the elaboration of this project has been, by chronological order, the
following one:
1) A previous review of the concepts that could be used in the project after having been
asked for the proposal.
2) A first documentation and study of the general concept Lean Manufacturing, and later
more specifically of Value Stream Mapping and One Piece Flow.
3) Analysis and familiarization of the theory of these concepts and its techniques to define
the aim and objectives of the project.
4) A visit to the company to have a general idea of their work and activities.
5) Choosing a product to do a pilot work and extract conclusions from it.
6) After realising that a study of methods and times had to be done, it was necessary to
research information about this topic and the way this work should be measured.
7) Attending the company for several days to videotape the whole production process and
to record the data and observe potential areas of improvement.
8) Analysing the videos and the data to look for bottle necks and create a proposal of
improvements.
9) Working on the times to compare the initial situation and the proposed one.
10) Development of the proposal and justification of its benefits.
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1.5

Structure of the document

The following chapter resumes the State of Art; it introduces the furniture industry and the
company, and it explains the main concepts used along the project that were needed to know
to elaborate this dissertation.
The third chapter contains a review of the context in which this study is placed and an analysis
of the current situation of the production process of the company through several methods,
examining its times and its main features.
In the next chapter, several techniques are suggested to implement in the production line and
the proposal of improvement is presented. It also compares the current situation of the
company to the propositions, highlighting this last one’s benefits.
Chapter 5 synthesizes the conclusions drawn from the work and chapter 6 includes some
future lines explaining what could be done by the company after this project.
The seventh chapter presents the planning of this work and the budget involved.
The abbreviations, units and acronyms used in the dissertation are included in chapter 8.
In the next chapter, the glossary defines all the key words of the project.
Chapter 10 gathers all the bibliography read for the elaboration of this work and the references
used in the text.
Finally, the last chapter attaches the annexes of the times taken in the company and the times
calculated to develop the proposal of improvement.
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2.1

STATE OF THE ART
The Furniture Industry

It is known that the furniture industry is a sector with an extremely high product mix and a
diverse range of markets. It has traditionally been segmented into 3 sub sectors, depending
on the kind of customer and their characteristics: office, domestic and contract.
- Office: chairs, desks, shelves and other items for the work stations.
- Domestic: sofas, beds, tables… especially for household use and to serve the public.
- Contract: destined to public areas such as: restaurants, hotels, stores, hospitals, schools…
Most of the companies encompass more than one market and they are usually small to
medium size businesses and micro firms.
The European Union is leader in this sector because it is creative and combines new
technologies and innovation with culture. The 3 most relevant aspects are:
- Employment: it provides 1 million of jobs, mainly for highly skilled workers.
- Trend settings: it is around the 12% of the designs registered in the European Union
Intellectual Property Office.
- High-end segment: almost 2 out of 3 are produced in the EU.
The EU industry’s challenges right now are conditioned by the several crises in the past years
that have dropped the number of companies and jobs. They are:
- Competition: low production costs of other countries.
- Innovation: it is vulnerable to weak protection of intellectual property rights.
- Structural problems: Ageing workforce.
- Trade: decrease of its competitiveness due to protectionist measures on international
markets.
However, it has implemented several changes such as restructuring, technological advances
and innovations, so it also has opportunities:
- Investment: new products, business models and supplier-consumer relationships.
- Research: in advanced manufacturing technologies to attract younger workers.
- Access to new markets: because of their quality and design.
- Synergies: Excellent track record on sustainability.
The trade of commodities of the furniture industry between different countries has been
growing for the past few years. Therefore, the furniture dealings suppose a 1 percent of the
total approximately, number that has always been stable. This fact reflects that it is a relatively
close sector, because its weight in the manufacturing production of the main countries is about
5%.
However, concerning to this project, a relevant information about this industry is that it is the
4th in the Top of Poland exports to the world, shipping US$11.2 billion worth goods around the
globe in 2015 (the 5,6% of the total of Poland exports); and US$286 million to Spain.
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With all that, it is a sector that usually has a really high product mix, and Product Families
may be done. The problem is when times wanted to be taken and even if the products are
very similar their times are different, so it is hard to facilitate the manufacturing processes.
Nowa Szkoła was thinking about doing Value Stream Mapping for each of the departments.
However, this technique requires the production times of the products, and these might be
different for every product. So when there is a wide range of products, a singular map for
every product should be done.
Another complication comes when it is a product made of many different parts. The value
stream map is not able to contemplate the assembly of all the parts in only one map.
In conclusion, application of VSM in the furniture manufacturing sector encounters some
difficulties, mostly due to the high product mix and, therefore, the hardness of distributing them
into product families and also because of the assembly of parts.
However, these problems have been addressed by Duggan in 2002 in Mixed Model Value
Stream Mapping. This variant of the VSM is based on sharing resources in presence of many
components and machines producing elements for different product families. The author said
that product families should be created by keeping in mind the similar work and downstream
processes of the groups of parts after the shared resource.
The company also wanted to implement One Piece Flow, which obviously affects if they do
not only have one product, but if all the times are taken this kind of production may be
possible.

2.2

The Company: Nowa Szkoła

Nowa Szkoła is a leader on the Polish market of educational furniture and rehabilitation aids
and the biggest of the country that provides comprehensive equipment to educational
institutions but also individual customers. For 23 years now, their offer includes complete
furnishing and equipment of primary schools and nurseries and their products are exported
worldwide.
This project has been carried out in their unique factory, which is located in Łódz, where they
have the Carpentry Shop and the Sewing Room. But they also have a warehouse and other
dependencies that treat other departments such as accounting, exports, imports or
management.
Nowa Szkoła do not produce all their products, they also subcontract other companies and
they also buy some finished products directly from supplier to sell to their clients.
The company does not reach the 250 workers, they employ around 200 employees in total
and 75 in the factory where this project is placed. So it can be said that Nowa Szkoła is a
medium business.
They have a modern website (www.nowaszkola.com), in polish and English, where it is
possible to look at their catalogue online or even download it. They also committed with social
responsibility, and in their website it is possible to find their audits, mission and vision,
certificates and social report.
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Figure 1. Screenshot of the website of Nowa Szkoła.
Source: Nowa Szkoła Website (www.nowaszkola.com/en/).

They follow the PULL system (later explained in this chapter), they only produce on demand.
This means that they do not accumulate stock and they only start a production process when
an order from a customer is done. But, one of the most important facts that led this project to
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its elaboration is that they do not have a serious organization of their production. To organize
their orders, once or twice a week, Nowa Szkoła puts them into the system only using a simple
Excel file with the orders and their deadlines to be delivered.
Several years ago, Nowa Szkoła decided to take the leap and try that new technique they had
been hearing about: Value Stream Mapping. It was known that it was a really powerful tool,
but also a difficult one to implement. Despite their lack of knowledge on the subject, they gave
it a chance and started mapping out some of the processes.
The first obstacle they found was that almost every single product had different times in each
step, therefore different maps: drawing the flow of all them would be a lot of work. The second
one, as the orders from the customers are continuously changing, they would not be able to
analyse the results of the implementation in the long-term.
Finally, they gave up and did not put much more effort on trying to make it. They thought the
work would not be worth the time of learning, mapping and actually implementing it.
So some years later, they decided to give it another chance and try to use VSM along with
“One Piece Flow”, and that was the goal of this project.

2.3

Product, Production Process and Productivity

A Product is an object that has been produced and offered in a market to satisfy the needs of
the customers. A product may also be non-material and it is called a service.
According to Riggs (1998), Production is “the intentional act of producing something useful”
and a Production System is “the process of design that transforms the elements in useful
products”. The Production or Productive Process transforms with technology the productive
factors (land, labour and capital goods) in outputs: final products (goods and services).

Productive Factors

Productive Process

Final Products

Factors
Land
Labour
Capital goods

Factors

Factors
Goods
Services

Technology

Figure 2. Phases and elements of the Production Process.
Source: Own elaboration.

The entrance or inputs represent most of the variable costs, the process of conversion are
associated with fixed costs and the exit or outputs provide the income.
The Production Processes can be classified attending to several criteria:
 Level of automation:




Manual: machines are barely used; and when they are used an operator uses it.
Semiautomatic: a part of the process is manual and the other part is automatic.
Automatic: no human force needed.
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 Demand:



On request: the customer makes an order and the delivery terms should be met.
Stock: high and stable demand. The organization of the stocks is crucial.

 Variety:



Continuous: it always produces the same product.
Intermittent: several products are produced alternatively.
- Batch: several products at the same time.
- Unit: a unique product one by one.

 Process:




Obtaining: from raw material. They will be raw material for other industries.
Transformation: from raw material to elaborate their products.
Assembly: joining pieces to obtain their products.

TYPES OF PRODUCTION PROCESSES

Level of automation




Manual
Semiautomatic
Automatic

Demand



On request
Stock

Variety



Continuous
Intermittent

Process




Obtaining
Transformation
Assembly

Figure 3. Types of Production Processes.
Source: Own elaboration.

The production process of Nowa Szkoła can be classified as: manual, on request,
intermittent and assembly.
According to Schroeder, Productivity is “the relationship between the inputs and the products
of a productive process, it is usually convenient to measure this relation as the quotient of the
production over the inputs. More production, same inputs, productivity improves or less
inputs, same production, productivity improves”.
Productivity =

𝑇𝑜𝑡𝑎𝑙 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑝𝑢𝑡𝑠

Productivity can also be defined considering what it is not (Riggs, 1998: 608):
- It is not a measurement of the quantity of production.
- It is not a measurement of cost effectiveness.
- It is not a guaranteed manner of reducing inflation.
- It is not a technique to make workers to work more.
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As Riggs says in his book “Production Systems. Analysis, Planning and Control”, “Efficiency,
effectiveness and value are the clue factors related to Productivity. Work may be efficient but
really ineffective and may have little or none value. Likewise, it may be effective and valuable
but very inefficient.”

2.4

Lean Manufacturing

In the final 80’s, James P. Womack (founder and current president of the “Lean Enterprises
Institute”) and Daniel T. Jones (founder and current president of the “Lean Enterprise
Academy”) visited Toyota to gather information for their book “The machine that changed the
world”, where they coined the term “lean”. However, the concept’s main contribution was
developed years before by the Japanese car company Toyota Motors Corporation, who started
focusing on flow efficiency instead of resource efficiency and ended up creating the Toyota
Production System (TPS).
When this company’s representatives travelled to the United States to seek car production
ideas after the Second World War, they found an important excess of stock and rework due to
defective products at the end of the production line.
As to face Japan’s crisis, thus Toyota was aware of their resource and financial scarcity, they
used “build-to-order production” (also called “pull-system”): producing just what the customer
needed. This method also led the company to the development of “just-in-time” to eliminate
inventory. Secondly, Toyota mapped out the production process to maximise its flow: both
information and product. This way, they would eliminate the work-in-progress between steps.
Toyota identified seven types of waste that did not add value to the product and/or the
customer:
Overproduction: producing a higher quantity than the required one from the customer and to
invest in equipment with more capacity than needed.
Waiting time: inventory at stand-still and employees standing about, while others may be
saturated with work.
Transportation: unnecessary material movement.
Over-processing: doing more work on a product than necessary.
Excess inventory storage: retaining stock between steps.
Movement: unnecessary motion of workers or machines due to a wrong lay-out of the plant.
Defects: making products with faults or errors.
This is how Taiichi Ohno, Toyota’s Chief Engineer for many years, finished creating the TPS:
the application of several techniques for the production process’ improvement by trying to
reduce these seven wastes. “All we are doing is looking at the time line from the moment the
customer gives us an order to the point when we collect the cash. And we are reducing that
time line by removing the non-value-added wastes.” (Ohno, 1988: 4)
The same definition can be used for “Lean Manufacturing”, including the four core principles
that, after having done a lot of research on Toyota’s production, Womack and Jones provided
in their book: Teamwork, Communication, Efficient use of resources and elimination of waste
and Continuous improvement.
Toyota developed the VSM method (Material and Information Flow Mapping in their words) to
create “ideal” states and then implement lean systems. However, Shook and Rother went
Beatriz San Miguel Taboadela
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further and defined it as a training technique, used to identify wastes in the value stream of a
product: to “learn to see”.
Concluding, the habitual VSM is called “stock to dock” or “door to door” value stream map,
because it covers the flow since the raw material is delivered from the supplier, until the
finished goods are shipped to the customer. Usually, a VSM project includes the “Current State
Map”: current steps that a product family follows; the “Ideal State Map”: a utopian and perfect
map of the previous situation; and the “Future State Map”: where achievable and progressing
improvements are made.
“Value Stream Mapping” could not be really understood if the concept “Lean Manufacturing” is
not previously explained, so now it is time to explain this concept.

2.5

Value Stream Mapping

When it comes to wondering where “Value Stream Mapping” comes from, it is not an easy
answer. Throughout Lean Manufacturing’s history there have been many companies and
authors that tried to explain the current state of a product’s process, such as Toyota’s “Material
and Information Flow Mapping”. But there was not until 1999, when John Shook along with
Mike Rother, brought the actual term with its own purpose.
“Value Stream Mapping” (VSM) is a tool of diagnosis for the implementation of Lean
Manufacturing; its basic purpose is to create value by reducing resources. It is the procedure
of mapping out the material and information flows of a production process in a company. “A
value stream is all the actions (both value added and non-value added) currently required to
bring a product through the main flows essential to every product: (1) the production flow from
raw material into the arms of the customer, and (2) the design flow from concept to launch.”
(Shook, Rother, 1999: 3). Womack and Jones define a Value Stream as “the set of all the
specific actions required to bring a specific product through the three critical management
tasks of any business: problem solving, information management, physical transformation”.
In this case, VSM has only been used as a tool to show the flow of the production process in
Nowa Szkoła. It presents the average times of each element taken by Time Study, but much
more information needs to be known before mapping the process.
First of all, the company must be visited and the whole production process must be walked
through; talking to the managers and responsibles for, not only the different stages, but the
steps before the income product releases to the first element and the finish product ends the
last one, respectively. This means becoming familiarized with the planning control, knowing
the customer’s orders frequency, the supplier’s speed to bring the raw material, the shipping
periodicity…
Secondly, the value stream should be mapped by pen in a piece of paper, drawing a sketch of
the first impression and writing all the data that can be captured just in the first walk. It will be
later compared to the very last version of the VSM and the differences will be able to be
observed.
A really important task should be done by the watcher: to learn the diverse “official” icons of
the VSM and try to find the best software for the specific assignment by following the main
objective of the case study.
In conclusion, the VSM is a visual representation of the process where it is possible to identify
Value-Added and Non-Value Added activities and wastes. In this case, it helped identifying the
customer’s demand, the intermediate inventory and buffers, the times of every element and
the supplier’s availability. But, the most important, it made possible that the production line was
seen in a different way to change the kind of process and achieve relevant improvements.
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Table 1. VSM Icons
Source: Own elaboration

2.6

Flowcharts

A flowchart or flow chart is a kind of diagram that represents graphically an algorithm or
process. It shows the activities or steps in different types of boxes and the order in which they
operate through directional arrows. According to Wikipedia, these can also be named as:
“flowchart, process flowchart, functional flowchart, process map, process chart, functional
process chart, business process model, process model, process flow diagram, work flow
diagram, business flow diagram.”
Flowcharts have a large diversity of uses, but as it is said in the known Smartdraw Software
website: “they were originally used by industrial engineers to structure work processes such
as assembly line manufacturing.”
A flowchart is also a scheme of the movement of material, products or people, so they are very
useful in manufacturing systems to help the comprehension, analysis and communication of
process.
In this case, flowcharts were used as a picture to better illustrate the various activities carried
out in every element of the production process, as in their first purpose. Ergo, this process is
divided into elements, and these elements are at the same time subdivided into short actions.
The procedure to subdivide these smaller activities was previously explained in the “Work
Measurement” section, inside of the “Time Study” subsection: “Each activity should be short in
duration but long enough to be able to time it with a stop-watch manually.”
It exists a variation of the flowchart called “Maps according to time” or “Process Maps”. This
tool is very similar to a regular flowchart, with the exception of a timeline added in the horizontal
axes. However, the time was not depicted in this project because it did not make a difference
in terms of usability: these were better seen in the excel sheets depending on the type of
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production used: Batch or One Piece Flow, techniques that will be explained later on this
chapter.
Flowcharts helped visualizing, understanding and following the whole process from the
beginning until the end. It also shows the decisions made by the operators in the sequence of
steps, each which are represented as a distinct geometrical shape, depending on their
functionality. The symbols with rounded ends stand for start and end points of the process and
rectangles stand for interim steps.
There are a wide range of shapes meaning an infinity of different functions, but the elements
and their activities in this study only need the most basic ones to well-represent the process:

Table 2. Flowchart symbols
Source: www.smartdraw.com

The main guidelines that must be followed to picture a flowchart come next:
1) To identify an input and an output.
2) To apply the skills to solve the problem or to represent the process.
3) To draw it using the official symbols.
As to better understand the process in a more visual way, it was decided to create an own type
of diagram, showing the distinct elements with real pictures of the stages and with different
lengths of the boxes to let the stream be more visible. To figure out the size of each of these
elements, it was needed to convert to percentages their average times: the higher the time to
perform each element, the longer the box.
At the beginning of this chapter, it was explained that throughout this project there would be
some techniques that would diagnose the process, or simply show it. Although flowcharting
and diagramming is a tool that may seem a mere displaying one, it is also a powerful method
for continuous process improvement that can identify bottlenecks and opportunities.
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2.7

Study of Methods and Times

2.7.1

Method study

As Heizer and Render (2015) write in their book “Dirección de la Producción y de Operaciones.
Decisiones Estretégicas”, Method study is a procedure to determine how a task is done; it
examines the elements and the activities in a production process to develop improvements. It
is used to analyse:




The movement of the people and the material: utilizing flowcharts and process
diagrams.
The activity of the people and the machines: utilizing activity, man-machine or group
diagrams.
The movement of the body: utilizing operation or micromovements diagrams.

The main goals of method study are (Niebel, 1996: 256):
- Optimization of the physical work
- Minimization of the required time to execute the tasks.
- Maximization of the product quality per unit of cost.
- Maximization of the worker’s welfare: retribution, security, healthcare and comfortability.
- Maximization of the utilities of the business.
In this case study, the different levels of the manufacturing company were depicted in various
diagrams:
- The whole production process was mapped in a VSM.
- The flow for a specific product along the distinct elements was drew in a visual sketch with
photos.
- The group of activities made in every element were represented in a flowchart.
This study is closely related to Work Measurement, because to analyse these diagrams, the
work must be measured and standardized and, as in this case, the times of the process must
be taken and studied.

2.7.2

Work Measurement

Work Measurement is the application of several tools to determine the time that it takes to a
qualified worker to carry out a previously defined task. Its main goal is to reach a higher
productivity, which can be achieved by standardizing these times.
Work Measurement helps to investigate, minimize and eliminate the unproductive times, i.e.
the times that have not generated any value added. It has different uses, such as:
- To establish the number of machines that a worker can attend and its norms.
- To compare the different methods and its efficiency.
- To distribute the work inside the teams.
- To allocate capacity.
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- To set standards for motivating the workforce and measuring their performance.
- To estimate costs.
- To expect production.
- To determine schedules and planning work.
To calculate the standard times, human condition must be considered. It is really important,
not only to impute these unproductive times to the worker, but also to the direction. These
standards are appropriate to jobs that need very little creativity and are tightly engineered and,
also, on the other hand, to jobs that are carried out in groups and have to create improvements
in teams.
There are various needed stages to go through to effectuate correctly Work Measurement:
1) To select the work that is going to be studied.
2) To register the circumstances in which the work is done.
3) To examine this information to verify if all the methods are the most effective and to
separate the unproductive ones.
4) To choose the most appropriate technique (defined below) and to measure the quantity
of work (as time)
5) To compile the standard time of the operation, having in mind the allowances times
such as the human conditions and personal needs.
6) To precisely define the activities and the specified methods of which the times have
been measured.
As it was said in one of the stages, there are several Work Measurement techniques that can
be chosen to accomplish this work:
1) Work sampling: it observes a portion of the activity.
2) Time study: it registers the times of a defined task.
3) PTS: Predetermined Time Standards: it is a system that establishes a Basic Time to
which allowances are added.
4) SDS: Standard Data System: it is a database of normal time values.
The choice of techniques depends on the nature of the work and the level of detail wanted. As
it will be well justified in the next chapter, the work was analysed and it was precise to select
a highly detailed for repetitive work technique. So it has been elected the one that could be
perfectly named as the most important: the study of the times. So it will be the one that will be
deeply explained as follows.
2.7.3

Time Study

The time study, also called “stop-watch time study”, records the time and the rhythms of
working in the different measurable parts, which are timed separately. It is generally made by
an expert or, as in this case, by a person who has studied the way of doing it, with a stopwatch on the spot or watching a videotape previously recorded. If the first method is chosen,
the times have to be recorded on a previously prepared study sheet at the same time that the
person is working; and if the chosen is the second one, the videos have to be seen and
analysed to record all the data on the study sheet.
Material used to measure the times: a stop-watch, a video-camera, a study template, a pencil,
an eraser and a calculator.
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Like Work Measurement, Time Study has its own phases:
1)

Analysis of:
- the operator, whether he/she is normal or representative and qualified.
- the working conditions such as an inadequate climate or mental workload.
- the methods.
2) Measurement: to observe and record the tasks with “Allowances”: personal needs,
work delays (avoidable or not) and worker fatigue.
3) Synthesis of the information.
4) Reporting and Standard Update.
Before accessing to the working place, a time study template has to be done. Even though the
times are the most crucial information to be recorded, a few other items are crucial too. These
are things such as the name of the person taking the notes, the date, the different elements of
which the times are being taken, if these are value added or non-value added activities and
many more data that has to be reflected in this sheet. The elements are the distinct parts of a
specified job for more accurate assessing of working.
There are several rules to break down the elements that are timed individually:
- Each activity should be short in duration but long enough to be able to time it with a stopwatch manually.
- If an operator works separately from equipment that performs a task independently, these
activities should be divided into two.
- Delays should also be separated as different elements.
Following these rules, the jobs are separated into various elements, and these are of distinctive
types, such as: manual, machine, repetitive… depending on the kind of work.
Time study is a sampling process, so few observations are taken as being relatively enough.
Benjamin Niebel’s table (Table 3) indicates that “enough” is a function of work cycles to be
performed by the worker and number of repetitions of the job over a one-year planning period.
A work cycle is the sequence of elements which are required to perform a job. It starts at the
beginning of the first element of the operation and continues to the same point in the next
repetition (that will be the start of the second cycle).
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Table 3. Guide to number of cycles to be observed in a time study.
Source: B. W. Niebel, Motion and Time Study, 9th ed. (Burr Ridge, Il: Richard D. Irwin, 1993) p. 390

This method above is the conventional method and it also exists the statistical method.
However, the number of repetitions may also be estimated as the times are recorded and the
deviation is observed. The bigger is the deviation the bigger is the number of repetitions that
should be done.
These times are averaged and usually rated to make the operator’s time usable for all workers;
this is called “performance rating” and it is used to “normalize the job”.
Depending on the speed of the worker doing their job, the rate is bigger or smaller. The faster
the worker, the bigger the rate percentage (>100%); and the slower the worker, the smaller
the rate percentage (<100%). The performance rating is the rate percentage divided by 100.
This application of a rating factor gives the “normal time”.
Normal time = Observed performance time per unit x Performance rating

Observed performance time per unit =

Beatriz San Miguel Taboadela
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Figure 4. Performance rating
Source: Perbadanan Produktiviti Negara

Time standards can be defined as “the time required to produce a product at a work station
with the three conditions: (1) a qualified, well-trained operator, (2) working at a normal pace,
and (3) doing a specific task.” [Meyers (2002)]. The standard times are calculated adding to
the Normal time the Allowances:
Standard time = Normal time + Allowances
Work Measurement, and specifically Time Study, have several positive aspects such as the
methods improvement, scheduling or cost reduction by focusing on productivity and elimination
of waste in the process. Also, it leads to an evaluation and comparison of all types of work, as
all of them have a common currency (seconds).

2.7.4

The Human Factor

Niebel (1996) assure that a good comprehension of the human factors helps the analyst to
perfect the existing methods to improve the work. The areas of study related to these factors
are: the physical environment of the work station and the physiological and psychological
factors related to the workers.
The physical environment has a significant impact not only over the productivity of the
operator, but over the process reliance too. They are:
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The visual environment: having a right vision: an effective illumination, a contrast
between the surroundings and the specific task, a lack of glare, the distance, the
dimensions of the object…
The noises: not desired sounds.
The vibrations: a large amplitude drift and a low frequency have harmful effects on the
organs and the tissues of the human body.
The thermal conditions: the human’s behaviour will be modified if the temperatures vary
respect from the ones that are considered as “normal”.
The radiations: when high energy electron beams collide with metal in vacuum
equipment, they can produce really penetrant X rays that require much more protection
than the alfa, beta, gamma and neutron radiations.

As different operators interfere, it is important to know the fundaments of the work physiology
to design a productive work station:






Motor aptitudes, reaction time and visual capacity.
Memory: static (long-term) or dynamic (short-term).
Physiological fatigue
Individual differences: variations on the human-beings acts.
Work regimen: currently, 40 hours a week.

All these factors influence significantly the productivity and the welfare of the operator on the
work station. Therefore, this applies to the equipment and the work environment. Considering
these factors along with the method’s engineering will lead to competitive work environments
more efficient, improving the quality of the product and the satisfaction of the workers.

2.8

PUSH and PULL production

An inventory manager must develop a control of the production system to administrate the
customer’s demand; this demand of the product will control the costs of shipping, orders,
inventory and storage.
Traditionally, the type of production was “Make to Stock”, which means producing to store no
matter the demand, so the companies would simply estimate it.
Currently, the PUSH production follows the same philosophy. It predicts the needed
inventory to satisfy the customer’s demand and it produces the maximum just in case to
cover all the expected sales. The company will produce enough products to meet the
requests and sell, or push, these products towards the client. The major advantage of this
system is that the company will always have enough product to satisfy the demand.

PUSH
ESTIMATED DEMAND
Figure 5. PUSH system.
Source. Own elaboration.
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The PULL system was created in a more competitive marker when the customers could start
ordering what they needed attending to their preferences. Companies only produce what their
clients want and when they make an order. This way, there will not be an excess of stock, (that
would have to be stored, it would occupy space that could be being used for other issues and
it would be shipped) which means reducing costs.

PULL

CUSTOMER ORDER

Figure 6. PULL system.
Source: Own elaboration.

The positive aspects have been explained, but each kind of production also has its negative
points. For this case study, a balance of both systems was done, explaining why the company
does not work for Stock, and they only produce depending on the orders they get from their
customers.

PULL
disadvantages

PUSH
disadvantages

Figure 7. Disadvantages of PULL and PUSH systems.
Source: Own elaboration.
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2.9

Line Synchronization

A production flow system with a multi-stage manufacturing process can be classical or
synchronized. A multi-stage production system finishes all the operations to manufacture the
final product having more than one element (shop).
A flowshop is a progress configuration where the parts follow the same direction in the
sequence of the different elements and cannot go backwards.

Figure 8. Flowshop
Source: Haibin Tang Comparison of Synchronized Flow with Classical Flow in Multi-Stage Production
Systems (Russ College of Engineering and Technology of Ohio University, 2009) p. 14

In a classical flow system, also called “batch flow strategy”, parts processed in batches are put
together through an assembly line, i.e. once the number of parts reaches the batch size, they
are delivered to the next element in the sequence.
On the other hand, in a synchronized production flow system parts are also processed in
batches, but all the grouped parts are released to the next element after a certain amount of
time (“uniform time bucket”). So the receiving element is relatively independent from the
previous one and can decide what parts are to be processed in the sequence and the planning
can be scheduled for the time bucket, because the ready-time for the next arrival batches and
the types of the parts are known in advance.

Table 4. Synchronized production flow
Source: Haibin Tang Comparison of Synchronized Flow with Classical Flow in Multi-Stage Production
Systems (Russ College of Engineering and Technology of Ohio University, 2009) p. 30

According to Süer and Gonzalez (1993), a synchronized production flow is “a systematic way
that provides a perfect flow of material through the production system by making it available
for the right resource at the right time using a periodic approach with the objective of simplifying
the scheduling task and minimizing the work-in-process inventory and the flow time”.
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2.9.1

Group Technology

Group Technology (GT) is a manufacturing technique in which “anything” having similarities
(geometry, process, function, time…) are grouped together to increase production efficiency.
“It is the realization that many problems are similar, and that by grouping similar problems, a
single solution can be found to a set of problems thus saving time and effort.” (Solaja 73). The
basic meaning of this concept is that “similar things should be done similarly”.
As the main goal of the study was initially the VSM, it was clear that the most important item
to analyse is the production time. At the beginning, it was thought that the different products
that the company produce could be grouped in different group families, so this would facilitate
the study and the elaboration of the VSM. However, due to the high product mix, it was realized
that it was not possible to associate these products, because even though some of them may
seem apparently similar, their process times may be completely different. Therefore, the
project will only be focused on Production Time as the only kind of GT.
Group Technology is advantageous for many matters as the ones shown in Figure 9. Some of
them are the increase of part variety or variety of material with different properties, the
decrease of the average lot size or closer tolerances in the requirements.

Figure 9. Group Technology Achievements
Source: Slovak University of Technology in Bratislava
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As it was said before, this production flow system is composed of several stages. The multistage manufacturing processes can be serial multi-stage or parallel.
On one hand, in the serial multi-stage process all the products go through the elements in the
sequence order, they work as single-stages. On the other hand, in the parallel process a
certain number of elements perform at the same time, i.e. in groups or cells.
Moreover, as it happened in this project, it exists the possibility that Group Technology cannot
be applied in all the elements, but in some of them. This means that some phases can work
as single-stages, and others can be grouped in cells to work at the same time. This
combination of both types of multi-stage processes is called “Hybrid multi-stage”
manufacturing system.
Even though Group Technology was only thought for similar Production Time groups in this
case, it is a tool with an infinity of possibilities to facilitate and improve many different kind of
processes. GT can be seen as more than a simple technique, but a manufacturing philosophy.
It affects most every operating and staff function: from accounting or sales to engineering or
data processing.

2.10 Batch Production Vs. One Piece Flow
During these last chapters, it was supposed that products were moving in batches through
the different elements. This means that a set of products (the batch) go together throughout
the production process. However, Nowa Szkoła decided it would be a good idea to
implement a single product flow to avoid the inventory waiting times from one element to
another. This means that, once one stage has finished its operation for one item, this item
can be released to the next stage instead of having to wait to the whole batch to be
completed. This new concept is named “One Piece Flow” or “Continuous Flow
Manufacturing”.
To well-understand this idea, it is necessary to be familiarized with the meaning of “connected
flow”; and every process element has to be connected within a value stream.
There are many reasons to want to change to this system from “Batch Production”. Some of
the disadvantages that this last method has are:
- Lack of communication between stages.
- Lack of focus on the internal customer.
- Lack of transparency.
- Defects discovered too late. Too many defective products could be produced before having
noticed the error. This obviously leads to a high loss of money.
- Hidden problems due to stock.
- Waiting times.
- Not on-time deliveries.
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Figure 10. Batch Production
Source: www.leanroots.com

One Piece Flow is a technique where a unique unit passes through one element to the next
one. It can be said that it is the ideal method because it generates zero waiting time.

Figure 11. One Piece Flow
Source: www.leanroots.com

This kind of coupled production improves most of the previous drawbacks, increasing
productivity and decreasing the stock, but also needing a higher dependency on the equipment
and requiring a higher flexibility.
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Table 5. Comparison between “One Piece Flow” and “Batch Production”
Source: Michael Marton and Iveta Paulová One piece flow - another view on production flow in the
next continuous process improvement (Slovak University of Technology) p. 4

However, unfortunately this concept cannot be applied to all processes. There are several
conditions that should be fulfilled to be a good candidate to carry out this method:
- Times must be repeatable and processes must be able to be scaled at takt time.
- The equipment must always be available to run and it must have a very high percentage of
uptime.
- Finished products with good quality.
Before implementing the technique, some actions must be performed:
- To minimize the changing times (SMED: Single Minute Exchange of Die). So the preparation
of the production is simpler, safer and more reliable.
- To maximize the equipment’s efficiency (OEE: Overall Equipment Efficiency).
- To balance the cadence of the production via, so all of them work at the same time.
- To minimize the transport and shifts.
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2.11 Theory Of Constraints (TOC)
At the beginning of the 80’s, the book “The Goal: A Process of Ongoing Improvement” was
written by Eliyahu Goldratt, an Israeli physicist who began the development of a new
organization philosophy: the “Theory of Constraints”. This concept has its roots as a solution
of an optimization of the production problem and it is based on the fact that every organization
is created to achieve a goal.
According to Aguilera (2000), TOC is “a methodology that serves the management that lets
the company operate towards the achievement of results in a logical and systematic manner,
contributing to guarantee the principle of the business continuity.”
To develop this process of continuous improvement, 5 steps must be followed:
1)
2)
3)
4)
5)

To identify the restriction of the system: the bottleneck.
To decide how to exploit this restriction.
To subordinate all the activities of the system to this limitation.
To reduce the effects of the limitation: increasing the capacity or decreasing the work.
Implementing and repeating the cycle.

There are two types of restrictions:
- Logical: they are the rules established by the organization that sometimes impede achieving
the goal.
- Physical: they are the limitations of the tangible resources of a company.
There are three indicators to know if a company is achieving the goal:

INVENTORY

OPERATING
EXPENSE

THROUGHPUT

Figure 12. TOC indicators: TIOE.
Source: Own elaboration.

- THROUGHPUT (T): speed at which the system generates income through the sales.
- INVENTORY (I): all the money invested on buying things that are expected to sale.
- OPERATING EXPENSE (OE): all the money that the system expenses in transforming the
inventory in throughput.
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2.11.1 DBR: Drum, Buffer, Rope
DBR is a method derived developed from the fundaments of TOC; it recognizes the TOC
limitation and proposes a production planning system.
The Drum represents the production time dictated by the restriction of the process. It must
guarantee that any capacity of this resource will not be lost, because it would suppose a loss
for the whole system. As the word suggests, the drum sets the rhythm of the process so no
jams are generated and the plan continues as established. The rest of the activities must follow
this rhythm that corresponds to the planned time for the maximum exploitation of the limiting
resource, so it is very important that it is not altered.
In order to avoid this loss of capacity, a Buffer of time is added. This margin is necessary
because the processes may present fluctuations and this might affect the Drum rhythm. The
main goal is that the restricting process is not obliged to stop its functions. It disconnects the
limitation in respect of the uncertainties of the rest of resources so it does not affect to it. The
rest of resources work below their possibilities, so they do not need a buffer of security.
The Rope represents the “beginning of the operations”; it is a signal from the buffer to the
beginning of the line. The speed at which the materials are released must be aligned to the
rhythm of the process, so the rest of the activities become subordinated to the bottleneck. This
means: a new order is given when the bottleneck is finishing its activities. Therefore, if the rope
only releases what the drum requires, the rest of the resources will not produce anything that
the limitation does not need.
To calculate the time when the order must be given to begin the new batch or product, the date
dictated by the limiting resource is subtracted by the buffer.

Figure 13. DBR for Manufacturing Systems.
Source: ROSER C. (2014, November, 23). A Critical Look at Goldrath’s Drum-Buffer-Rope Method.
AllAboutLean.com. Organize your Industry

In conclusion, this method reaches the minimum period of time between the beginning and the
end of the process and the minimum waiting time of the resources limited by the bottleneck.
In this case study, as in most of the manufacturing systems, there will be a slower element that
will slow down the production line. So it will be important to apply and implement these TOC
and DBR methods to improve the production process.
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Combining this theory with the principle of “eliminating unproductive and non-valuable steps
of the process” from Lean Manufacturing, it was much easier to reach the goal of reducing
resource wastes and to speed and balance the flow.

2.12 Takt Time
The concept Takt is crucial to implement Lean Manufacturing in a system; it is bound to the
Pull Production because it adjusts the rhythm of the production to the demand. The Lean’s
flexibility comes from the management of time through the Takt time.
According to Vorne Industries, “Takt Time is the pace of production that aligns production with
customer demand: it is how fast you need to manufacture product in order to fill your customer
orders”
Takt Time =

Available Production Time
Customer Demand

Available Production Time: available working time per turn: the total time of the working day
minus the break times.
Customer Demand: number of units demanded per turn.
The resulted Takt time is the available time to produce every unit of product of that demand.
It is useful to calculate this Takt Time to map the VSM because it proportions information about
where to make improvements to satisfy the customer’s demand. The Takt time must be
compared to the Lead time1 to find the real bottleneck, and if the Lead time is higher, the
manufacturing time must be reduced improving the process.
It is necessary for the production line to be synchronized and that its tasks are balanced in this
available time. Also, having polyvalent workers helps and facilitates the system to meet this
Takt time and be more flexible.

2.13 Key Performance Indicators (KPI)
A Key Performance Indicator is a measurement of the level of achievement of a process. They
quantify the results of a strategy according to the goals previously defined. This indicators may
be economic, of production, of quality, of client, of logistic…
It is said that KPIs must be SMART, this means they must have the following characteristics:
- Specific
- Measurable
- Achievable
- Realistic
- Timely
A series of parameters must be established:

1

The Lead Time is the time required to produce a product: from the sign to order the beginning until
the final product is finished.
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Definition
Ratio or the way it is calculated
Units
Periodicity
Process
Responsible

And when the results have been obtained, they must be compared to a pre-established value:





Goal
Expectation
Legal limits
Acceptability limit

In this project the concept KPI has been used to verify the validity of the proposal and to show
the improvements on the production process.
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3
3.1

ANALYSIS OF THE CURRENT SITUATION
Context

The concerning company did not have a planning programme and the control of their orders
left much to be desired, but they refused to change this aspect because they did not want to
adapt to a new method. However, they were fully aware that they were doing something wrong
in their production process and that they needed some external help to find a solution for this
organization.
Nowa Szkoła asked Łodz University of Technology to have an engineering student at their
company. They had been thinking of implementing in their organization two different, but
related, techniques: Value Stream Mapping and One Piece Flow. So they wanted someone to
analyse the factory and the plant, choose a product and prove if it would be possible and, of
course, efficient to implement these techniques or other similar improvements.
The first thing to do was to visit the company and walk around the whole factory to observe the
different departments and the way each of those worked. The plant was divided into three
sections: the wood furniture department, the sewing of furniture department and the offices of
production management.
As this project could not reach all the processes due to the time limitation, it was necessary to
choose which department was more in need of an improvement and, also, that this
improvement would be more realistic and well noticed by the company. The sewing department
was more complex due to the more influence of the human factor, the less specialization of
the operators and the less presence of machines, this part of the company was the selected
one.
The last step before starting to work on the project was to analyse the wide range of products
that the company produces in that specific department, watching them being produced in the
factory and later in the catalogue to have more information about them. It was necessary to
choose one that could summarize, more or less, all the steps that all the products follow and
one that could arrive at a solvent solution.
One thing that was considered is that, even though the company, and in particular the sewing
department, has an extremely high product mixt, most of the products follow the same flow in
the production line and pass through the same work stations. However, it was very difficult to
create product families due to the difference of their times.
In conclusion, the SOFT SOFA showed below in the Figure 14 was selected. The reasons for
this decision were:
- It is one of the most ordered products for the company.
- The flow of this product follows all the work stations of the sewing department.
- The size of this product is regular, being intermediate between the largest products that the
sewing department produces and the smallest ones.
These parameters argument the normality of the product and, therefore, the facilitation of
applying the proposal of this project in the rest of the products of the sewing department to
make it practicable and convenient for the company to implement it.
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Figure 14. Selected product: Soft seat: Sofa NS 1507

Source: Nowa Szkoła website (www.nowaszkola.com)

3.2

Division of the process into elements and activities

The layout2 of the plant is distributed in a very convenient way for a “straight or through flow”:
all the elements were positioned as a beeline. In this case, the sewing department has a
“Product layout”, also called “Line layout” or “Flow layout”, where the process is repetitive and
the times of every post in the line must be balanced. The layout can be seen below in the
Figures 15 and 16. The first figure shows a sketch of the layout, where the products move
along the line from left to right. The second figure shows a picture taken from the beginning of
the production line (the cutting workstation) and how the aisle is in the middle for being able to
walk straight through the whole flow.

Figure 15. Plant Layout Sketch.
Source: Own elaboration.

2

The layout is the physical distribution of the equipment and workforce in a production plant.
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Figure 16. Plant Layout Picture.
Source: Own elaboration.

As it was explained in the previous chapter, the first thing to do was to measure the times of
the production process. Before doing anything, it was necessary to sketch the whole process,
divide it into different elements and divide each of these elements in smaller tasks or activities.

3.2.1

VSM

As to elaborate this project, several techniques have been utilized with different objectives;
some of them simply diagnose and depict the process, while others are more complex and
pretend to improve it.
According to Rother and Shook, in their book “Learning to see: Value Stream Mapping to
create value and eliminate muda”, “Value Stream Mapping is a pencil and paper tool that helps
you to see and understand the flow of material and information as a product makes its way
through the value stream”. Therefore, they insist on the importance of drawing the process by
hand in pencil before using any software or computer tool. They give three consistent reasons
for doing it:
- “It can be done without delay, while you are on the floor. As you draw you will think of further
information that you need.”
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- “It means that you can do it yourself, which is key to understanding the material and
information flows.”
- “It means that you will focus on understanding the flow, instead of on how to use the computer.
The point of value stream map is not the map, but understanding the flow of information
and material.”
Therefore, it was necessary to get familiarized with the most important icons for doing a first
sketch and to ask the manager and other responsibles about information that could not be
seen.
Dividing the process into the different elements was an easy assignment, because each of
the operators performed a distinct task in a different place of the plant.
Therefore, the elements for this product, and pretty much for all of them, were separated as:
1) Cutting the fabric: the fabric that will later compose the whole product is cut by a cutter
with its specific machinery.
2) Sewing the main pieces: a sewer sews the main parts of the product, except the bottom
part, with a sewing machine. He/she also sews the label.
3) Dressing the cover: a person takes a previously cut foam and covers it with these
sewed main pieces.
4) Binder clipping: two people take the bottom part previously cut and join it to the dressed
foam with binder clips.
5) Sewing the bottom part: a sewer sews this bottom part with the help of another person
that holds the product.
6) Packing: a person cuts the needed plastic and wraps the final product.
According to Vizán Idoipe and Hernández Matías (2013), in their book “Lean Manufacturing:
Conceptos, técnicas e implantación”, some steps must be followed to create a first version of
a VSM:
1)
2)
3)
4)
5)
6)
7)
8)

Draw the icons of the customer, supplier and production control.
Identify the requirements from the customer per month/day.
Draw logistic icons with the delivery frequency.
Add the elements boxes in sequence, from left to right.
Add the data boxes below each element box and the timeline below the data boxes.
Add the communication arrows and take notes of the methods and the frequencies.
Add the symbols and the number of operators.
Add the flow arrows.

The next steps from now on will be better explained carried out later, once all the times are
taken and calculated.
9) Obtain the data of every element and add it to the data box.
10) Add the inventory places and waiting times.
11) Add the “Value Added” and “Non-Value Added” times for the elements and the
inventory, respectively, in the timeline.
12) Calculate the Production Lead Time and the Total Value Added time.
Therefore, as it can be seen below in the Figure 17, this first version of the VSM still has a
lot of information missing, such as the inventory times, the different times for every element,
the Value Added and Non-Value Added Time or the Total Production Lead Time. That is
why it is necessary to carry out a Study of Methods and Times.
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Figure 17. First VSM sketch of the production process.
Source: Own elaboration.

After sketching this VSM, it was thought that it would be useful to represent a diagram with the
photos of the different elements to make it more visual (Figure 18). And, afterwards, the size
of the arrows would be adjusted with the percentage of times of each element over the whole
production process:
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Cutting the fabric

8

Sewing the main pieces

8

Binder clipping

8

Sewing the bottom part

Dressing the foam

8

8

Packing

Figure 18. Diagram with photos of the elements.
Source: Own elaboration.

3.2.2

Activities: Flowchart

As it was mentioned in the previous chapter, a flowchart is a scheme of the movement of
material, products or people, so they are very useful in manufacturing systems to help the
comprehension, analysis and communication of process.
In this case, flowcharts were used as a picture to better illustrate the various activities carried
out in every element of the production process, as in their first purpose. Ergo, this process is
divided into elements, and these elements are at the same time subdivided into short actions.
The procedure to subdivide these smaller activities was previously explained in the “Work
Measurement” section, inside of the “Time Study” subsection: “Each activity should be short in
duration but long enough to be able to time it with a stop-watch manually.”
The flowcharts of every element will be depicted below:
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Figure 19. Flowchart: Cutting main pieces.
Source: Own elaboration.
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Figure 20. Flowchart: Cutting bottom part.
Source: Own elaboration.
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Figure 21. Flowchart: Sewing main pieces.
Source: Own elaboration.
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Figure 22 (a)

Figure 22 (b)

Figure 22. (a) Flowchart: Dressing the cover; (b) Flowchart: Sewing the bottom part.
Source: Own elaboration.
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Figure 23. Flowchart: Packing.
Source: Own elaboration.

3.3

Work Measurement

When the product was selected to do the pilot work, it was clear that the first task to do was to
go through all its production process and to measure the work that was done from the
beginning to the end of the flow.
As it has been explained in the previous chapter, Work Measurement is the application of
several tools to determine the time that it takes to a qualified worker to carry out a previously
defined task. Its main goal is to reach a higher productivity, which can be achieved by
standardizing these times.
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There were four types of Work Measurement that could be elected, but this choice had to be
decided depending on the nature of the work and the level of detail wanted. To measure the
assigned work, it has been analysed that it is precise to select a highly detailed for repetitive
work technique. So it has been elected the one that could be perfectly named as the most
important: the study of the times and it will be the one that will be deeply explained as follows.

3.3.1

Time Study

The study of the times records the time and the rhythms of working in the different measurable
parts, which are timed separately. It is generally made by an expert, but in this case it was
done by a person who had previously studied the way of doing it, with a stop-watch on the spot
or watching a videotape previously recorded. In this project both methods were tested. All the
stages were videotaped and, when possible, the times were written down at the same moment.
Afterwards, all the videos were seen and analysed to check the times correctly and to record
them on a study sheet.
As it was explained before, the flow of the product was divided into elements and these
elements were divided into smaller activities.
Time study is a sampling process, so few observations are taken as being relatively enough.
In this case, two repetitions of a batch of eight of the same product was clearly enough.
These times are averaged and usually rated to make the operator’s time usable for all workers.
However, the times were not rated in this project because a time-study analyst is the person
who must estimate if the speed of the operator is faster or slower than usual. It was impossible
to make this estimation, due to the absence of this kind of professional and the ignorance of
this “performance rating”. So it will be assumed that the worker is standard, the rate percentage
is 100% and the “performance rating” in this case will be equal to 1.
Work Measurement, and specifically Time Study, has obviously facilitated the project and it
can be said that it is a technique with several positive aspects such as the methods
improvement, scheduling or cost reduction by focusing on productivity and elimination of waste
in the process. Also, it led to an evaluation and comparison of all types of work, as all of them
have a common currency (seconds). This last achievement was a major advantage to continue
the research and finding the elements that had very similar times and could be well
synchronized.

3.3.2

Time Study Sheet

As to elaborate a Time Study Template, there is a large amount of information that must be
recorded: the general facts and the time data.
The general facts of the sheet are:
- The department in which the whole production process is carried out.
- The element that is going to be timed.
- The description of the product that is going to be made.
- The name of the observer who is going to take the times.
- The date of the observation.
- The performance rating to normalize the job.
Beatriz San Miguel Taboadela

43

Analysis of the Current Situation

- The number of products in one batch.
The time data of the sheet is:
- The number of the activity in order of performance.
- The start and stop time at which the observer started and stopped to record each activity.
- The name and description of every activity.
- Whether the activity is Value Added or a Non-Value Added3.
- The number of operators that perform the activity.
- The times of each piece of the batch.
- The Batch Time: the total time of the whole batch doing that activity (The sum of the times
of each piece of the batch).
- The Total Batch Time in that element (the sum of all the activities in that element).
- The allowances permitted in the activity.
- The allowances’ time.
- The Total Allowances’ Time (the sum of the Allowances’ Times of all the activities in that
element).
- The Standard Time (Batch Time + Allowance Time).
- The Total Standard Time (the sum of the Standard Times of all the activities in that element).
- Any needed notes that should be written down to better understand the sheet.

Table 6. Time Study Template
Source: Own elaboration

3.3.3

Observations

The flow of the production process moves in batches through the different elements, which
means that a set of products (the batch) go together throughout the production process. Also,
the company uses the PULL system and they only produce when they receive an order from
a customer.
In Lean Manufacturing, a “Value Added” activity is the one that adds value to the customer; and a
“Non-Value Added” activity is the one that does not add value to the customer. This does not mean
that a “Non-Value Added” activity is not necessary for the process, in fact it probably is, but the
customer is not going to notice it in her/his final product.
3
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As it was explained in the “Time Study” section, Time study is a sampling process and few
observations are taken as being relatively enough. In this case, two repetitions of a batch of
eight of the same product was clearly enough. The Time Study tables with the data of both
observations are attached at the end of this report, in the annexes.
By way of example, the Time Study Table of the 1st observation of the 1st element of the
process will be analysed:

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
number Start Stop

Element description

Process:
Product:
Cutting the fabric
Blue soft sofa
Category Number of Pieces of the Batch
VA NVA operators
1
2
3

Checking the order

1

1

X

2
3
4
5
6
7
8
9
10
11
12
13
14

MAIN PIECES
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the 3 parts of the fabric
Leaving the ruler and taking the side form mold
Measuring the forms
Leaving the side form mold
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine

15

Cutting the fabric borders and dividing the long fabric into three parts

16

Separating the central parts and preparing for cutting the side forms

17
18
19
TOTAL MAIN PIECES
TOTAL 1st part

Cutting the side forms
Disconnecting the cutting machine and tidying everything up
Preparing the batch and taking it to inventory

20
21
22
23
24
25
26
27
28
29

BOTTOM PART
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the bottom part
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine

30
31
32

Cutting the bottom parts
Disconnecting the cutting machine and tidying everything up
Preparing the batch and taking it to inventory

X
X
X
X
X
X
X
X
X
X
X
X
X
X

0:00:25
1
1
1
1
1
2
1
1
1
1
2
2
1

0:00:11
0:00:07
0:00:07
0:00:08
0:01:08
0:00:23
0:00:08
0:01:29
0:00:10
0:00:25
0:00:05 0:00:18 0:00:12
0:00:06
0:01:35

1
X

0:02:05
1 0:00:51

X
X

1 0:00:37 0:00:39 0:00:43
1 0:00:56
1 0:00:31

X

X
X

X
X

1
1
1
1
1
1
1
2
2
1

X
X

1 0:01:41
1 0:00:47
1 0:00:31

X
X
X
X
X
X

X

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:17 0:00:11 0:00:07
0:00:05
0:00:50

TOTAL BOTTOM PART
*This step is made only once for the whole batch
*This step is only required to do it 4 times
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Table 7. Cutting the fabric: 1st observation
Source: Own elaboration.
TIME STUDY TEMPLATE
Observer:
Beatriz San Miguel
Pieces of the Batch
4
5
6

Date:
Rating:
Batch:
12/05/2016
100 %
8
Batch
Extra time Standard Time
Allowances
7
8 Time
allowed
(Batch)

*
The specific operary is supposed to
0:00:25 know how to do his task in every product

0:00:25

0:00:14

0:00:11
0:00:07
0:00:07
0:00:08
0:01:08
0:00:23
0:00:08
0:01:29
0:00:10
0:00:25
0:00:49
0:00:06
0:01:35
Relaxing

0:00:21

0:00:09
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0:02:05
0:00:51

0:00:25

0:02:20 Relaxing
0:00:56
0:00:31
0:13:29
0:13:54

0:00:20

0:00:45

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:44
0:00:05
0:00:50

0:01:41
0:00:47
0:00:31

0:00:20

0:06:58

0:00:20

0:00:11 *
0:00:07 *
0:00:07 *
0:00:08 *
0:01:08 *
0:00:23 *
0:00:08 *
0:01:29 *
0:00:10 *
0:00:25 *
0:00:49 **
0:00:06 *
0:01:35 *
**
5 seconds of relaxing his hand
0:02:30 after every border cut (5x5 and 4x5)
0:00:51 *
**
5 seconds of relaxing his hand
0:02:40 after every form cut (4x5 and 2x5)
0:00:56 *
0:00:31 *
0:14:14
0:14:39

0:00:13 *
0:00:06 *
0:00:07 *
0:00:07 *
0:00:39 *
0:00:52 *
0:00:16 *
0:00:44 **
0:00:05 *
0:00:50 *
*
5 seconds of relaxing his hand
0:02:01 after every border cut (4x5 and 4x5)
0:00:47 *
0:00:31 *
0:07:18
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The measured times of Cutting the fabric are divided in two because two parts of the product
are cut at different times: the main pieces and the bottom part. The system flows with Batch
Production, but the main pieces do not go together in the batch with the bottom parts. While
the main pieces are cut like in the figure below (Figure 24a), the bottom part is cut later with a
different fabric, as in the figure 24(b):

Figure 24 (a)

Figure 24 (b)

Figure 24. (a) Cutting the main pieces; (b) Cutting the bottom part.
Source: Own elaboration.

Looking at the Figure 24(a), every sofa needs one of the “big” parts for the top part of the sofa,
and 2 lateral parts for each of the side parts. Therefore, it is clear that for a batch of 8 only 4
pieces of each of the fabrics are needed.
As it can be seen in the Table 7, most of the times in each of the fabrics are only taken once;
this is because the whole batch is cut at the same. The only activities that require four
measurements are:
- When the 4 pieces of fabric are extended.
- When the 4 pieces of lateral parts are cut.
Also, it was just explained what a “Value Added” and a “Non-Value Added” activity meant. So
some examples in Table 7 will help to understand these concepts. On one hand, the first three
activities (“Checking the order”, “Extending the fabric” and “Taking the set square” are “NonValue Added”, because they do not add value to the customer: they are necessary steps for
the process and it cannot be skipped to produce the sofa, but the customer is not going to
notice them in her/his final product. On the other hand, the “measuring” and “cutting” elements
are “Value Added”, because the customer is going to notice the size of the product or if it is
well cut. Another definition for “Value Added” is the activities that the customer is willing to pay
for. As a verification, if the “Value-Added” activity is compared to a flowchart symbol, it will
probably always be an Action/Process; and the “Non-Value Added” activity a Preparation to
another step.
The last observation that could need to be explained are the allowances. Cutting with the
cutting machine is a task that produces fatigue, therefore, the operator needs to rest for 5
seconds every time he/she cuts something with it.
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Once all the times for all the elements are collected from both observations, the total
standard times must be averaged (Table 8) to analyse things such as the relationship of
times among the different elements, the bottleneck of the production process, the waiting
times from the faster elements or the inventory times.

Table 8. Average and Percentages of Standard Times.
Source: Own elaboration.

It can be appreciated in Table 8 that the total times of both observations are really similar, so
it can be certified that two observations were enough. Secondly, the total time of cutting the
fabric of the bottom part is in white colour because it is not included in the total average. This
is because of what it was explained before: the system flows with Batch Production, but the
main pieces do not go together in the batch with the bottom parts. Therefore, the cutter gives
the batch of 8 of the main pieces cut to the sewer, and later he/she continues cutting the bottom
part to, later on, give them to the two operators who sew it.
Now that the percentages of times of the different elements are calculated, the diagram with
the photos of the elements can be improved for a better visualization of the process (Figure
25). Also, it is clear that the “sewing main pieces” element is the bottleneck, because it takes
much more time to the operator to finish his/her task than the others.
As it was explained in the previous chapter, according to the “Theory of Constraints”, once the
constraint, restriction or bottleneck is identified, it is time to decide how to exploit it. However,
in this case the bottleneck will be differently analysed due to the flow of the batch production
and its inventory and waiting times. This aspect will be explained in the following section.

48

Escuela Técnica Superior de Ingenieros Industriales (UPM)

“Proposal of improvements in the production process of a product of a furniture company”

Figure 25. Diagram with photos of the elements (considering percentages of times).
Source: Own elaboration.

3.4

Waiting Times and Inventory Storage

It is known that, when working in a batch production system, the whole batch flows together
along the process line and it does not release towards the next work station until all the pieces
finish the element at issue.
However, before starting to analyse the wastes of the process, it is very important to know that,
as it was said at the beginning of the dissertation, the company does not have much
organization on their production, so there is a lot of intermediate inventory all over the plant.
Therefore, the fact that the sewer is a clear bottleneck for the production process of the sofa
does not mean that the next elements are going to be waiting for that batch to finish to start
doing their task. The operators work on that intermediate inventory with no order so they are
not idle and losing their working hours.
Nevertheless, a lot of intermediate inventory is not an advantage at all. These are semi-finished
products that could be being produced and, instead, they are stopped for a long unknown time
waiting for being finished. Moreover, these intermediate inventory occupies a lot of space that
could be being used for other activities, or even for the workers to be more comfortable, to
have more space in their workstation and to have a better vision of the plant.
Returning to the fact that the whole batch does not release to the next work station until all the
pieces finish the element at issue, a really important factor must be considered. In this case of
a batch of eight, once the first piece is finished, it has to wait for the other seven pieces to
finish, the second piece has to wait for the remaining six, the third one for the remaining five,
and so on.
Beatriz San Miguel Taboadela
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This means that the only piece that would not have to wait, in the best case of releasing
immediately to the next element, would be the last piece to produce. The other seven pieces
for sure are being idle for a certain time and, therefore, losing a lot of time while they could be
being produced. Moreover, these pieces at issue are also being intermediate inventory that is
occupying space that could be being used for other activities, or even for the workers to be
more comfortable, to have more space in their workstation and to have a better vision of the
plant, as it was said before.
Depending on the amount of time of every element, these waiting times will be higher or lower.
They were analysed for every element of both observations and then averaged. By way of
example, these waiting times of the “sewing the main pieces” element will be depicted and
explained below in Table 9.

Table 9. Sewing the main pieces: Waiting times.
Source: Own elaboration.

The first thing to do was to sum all the times of every activity for each of the pieces. It can be
clearly seen that the activities 1, 2 and 3 and the activity 11 are separated from the activities
from 4 to 10. This fact has an easy explanation: the steps 1, 2, 3 and 11 are made for the
whole batch at the same time, as it was explained for the “Cutting the fabric” element.
Therefore, these activities are performed at the beginning and at the end of the element and
do not affect the waiting times of the different pieces.
Also, as it was said before, the only piece that would not have to wait, in the best case of
releasing immediately to the next element, would be the last piece to produce: that is the
reason why the piece number 8 has 0:00:00 of waiting time for any piece of the batch. To
calculate the rest of the pieces’ waiting times, the sum of all the activity times of its following
piece must be summed up to the waiting time of its following piece. For example: The waiting
time of the piece number 7 is equal to the sum of all the activity times of the piece number 8
because this piece number 8 does not have any waiting time. But, for the piece number 6, its
waiting time is the sum of the sum of all the activity times of the piece number 7 (0:05:39) plus
the waiting time of the piece number 7 (0:05:32). This procedure is the same for all the pieces,
being the piece number 1’s waiting time the sum of the sum of all the activity times of all the
pieces.
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The only element in which its pieces do not wait for the following ones is the first one: “Cutting
the fabric”. This is because the whole batch is produced at the same time.
The rest of the element’s waiting times are attached at the end of this report in the annexes.
Now, in Table 10, the averages of the waiting times of both observations are calculated.

Table 10. Intermediate Inventory Waiting Times.
Source: Own elaboration.

The Table 10 shows a surprising and ugly fact: Working in batches, the MINIMUM time that
the first piece has to wait for the rest of the pieces to be produced is the high number of 1 hour,
51 minutes and 8 seconds. Not being the rest of the pieces’ waiting times low at all.
Now that all the times are known, it is the moment to draw a better version of the Current Value
Stream Mapping to illustrate the whole production process with its element times, bottlenecks
and inventory times. This will be very useful to have a better vision of the flow and it will facilitate
to find the wastes.
In conclusion, having calculated these waiting times, it can be finally proved that a lot of waste
is being produced in the process. Much time is being wasted, time that could be used and
squeezed to produce faster and to produce more products.
This fact has a lot of consequences: if the products are produced faster, the customers receive
faster their orders and they will be much more satisfied with the company; therefore, they will
probably trust again on the organization and they will probably recommend their services; the
business would grow having more clients and being able to satisfy their demand because of
the increase of the available time to produce more products.
After having analysed this situation, it is clear that the current production process of Nowa
Szkoła can be substantially improved. Therefore, a proposal for this situation will be suggested
in the next chapter.

3.5

Current VSM

As to draw in the computer a new version of the Current Value Stream Mapping in a more
professional way, it is time to select the most appropriate software for this task.
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3.5.1

Selection of a Software

In order to compare to compare the principal aspects of four of the most famous and used
computer softwares to draw VSM (Visio Microsoft Office, eVSM: electronic Value Stream
Mapping, SmartDraw and Edraw), five categories were chosen:






Icons
Technical aspects
Prices
Ergonomic aspects
Office automation

These softwares were compared in a table for each of the categories:

52

Escuela Técnica Superior de Ingenieros Industriales (UPM)

“Proposal of improvements in the production process of a product of a furniture company”

Beatriz San Miguel Taboadela

53

Analysis of the Current Situation

Table 11. Software comparison. Category 1: Icons
Source: Own elaboration.
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Table 12. Software comparison. Category 2: Technical aspect
Source: Own elaboration.

Table 13. Software comparison. Category 3: Prices.
Source: Own elaboration.
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Table 14. Software comparison. Category 4: Ergonomic aspect.
Source: Own elaboration.

Table 15. Software comparison. Category 5: Office automation.
Source: Own elaboration.

Observing to the 1st category, there is not much difference on the number of green ticks among
the different softwares, specially the most used and important ones, except for Evsm, which
has significantly less.
Concerning to the Technical aspects, Visio and eVSM are the most tolerant ones.

56

Escuela Técnica Superior de Ingenieros Industriales (UPM)

“Proposal of improvements in the production process of a product of a furniture company”

If the prices are compared, eVSM is the most expensive one, but has a longer trial (1 month)
than smartdraw. Visio and Edraw have free versions, with the difference that the Visio one is
only for students and the Edraw one is unlicensed.
Looking at the ergonomic aspects, how easy is to manage the software, it is clear that visio
wins if the four softwares are compared.
Finally, smartdraw has more automatization, followed by Visio and Evsm, being Edraw the
least automatic.
In conclusion, comparing the five categories and doing a balance between the most important
factors, Visio Microsoft Office was selected by a landslide. Moreover, the flowcharts depicted
some a few sections above, were also drew with this useful software.

3.5.2

VSM

A few sections above the first VSM drawing was represented and it was said that some times
were going to be calculated later, once all the times of the production process were taken.
These steps that still have to be calculated are:
9) Obtain the data of every element and add it to the data box.
10) Add the inventory places and waiting times
11) Add the “Value Added” and “Non-Value Added” times for the elements and the
inventory, respectively, in the timeline.
12) Calculate the Production Lead Time and the Total Value Added time.
The data that should be added in the data box of every element is:





C/T: Cycle Time: time that elapses between a piece of a product starts one element
and the next piece starts the same element. Ergo, how often a product actually
completes the element process. Also, the time it takes an operator to go through all the
activities in the element before he/she repeats them for the next piece
VA: Value Added Time: time of work dedicated to the production tasks that transform
the product in a way that the customer is willing to pay for.
L/T: Lead Time: Needed time for one piece to move all the way through the whole
production process or value stream from the beginning until the end.

Usually: VA < C/T < L/T.
As the flow always moves along the production process in batches, the times in the VSM were
calculated for one batch. Therefore, in the definitions, the word “piece” should be substituted
for the word “batch”.
The following VSM (Figure 26) will represent an approximation of the average times of every
element that were seen before in Tables 8 and 10 and, as the inventory, the minimum waiting
time for the 1st piece produced. Therefore, the VA will be the sum of the times of each element
and the L/T is not calculated because the waiting times between the elements are unknown,
so the L/T is the VA plus the inventory times, that is the reason why this is a VSM with minimum
waiting times.

Beatriz San Miguel Taboadela

57

Analysis of the Current Situation

Figure 26. Current VSM.
Source: Own elaboration.

Now that the current production process of the sofa has been analysed, it is time to propose a
series of suggestions to make some improvements in the company.
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4
4.1

PROPOSAL OF IMPROVEMENT
Line Synchronization and Group Technology

After having taken and analysed the times in the classical production flow, the Cycle Times of
every element were compared to see if some of them were similar and if it was possible to
synchronise them or group them. The best picture that represents this concerning issue is the
Figure 25 (Diagram with photos of the elements (considering percentages of times), depicted
in the previous chapter.
If the concept of “Line Synchronization” is reminded, it is easy to conclude that it cannot be
applied due to the high difference of Cycle Times among the elements. A synchronized
production flow system parts were also processed in batches, but all the grouped parts had to
be released to the next element after a certain amount of time (“uniform time bucket”). If this
uniform time bucket was the time that it takes to the bottleneck to finish its task, the rest of the
element would have to be waiting for a long time for being able to start their activities (Table
10).
However, the term Group Technology was defined because, in a first thought, it was believed
that, even though Line Synchronization could not be applied for all the elements, some of these
could be grouped and this way some time would be saved.
As it was reasoned in the State of the Art, GT states that “similar things should be done
similarly”. Therefore, if two elements were closely similar in time and adjacent in a sequence,
they could work together at the same time as a synchronized production flow, releasing the
pieces from one element to the other without the necessity of waiting for the whole batch.
The Figure 25 shows, for instance, how the 1st and the 3rd element have really similar
production times and so do the 5th and the 6th, but this idea was rapidly eliminated for the 1st
and 3rd element pair because they are not adjacent in the sequence and have another element
in between.
In this case, the elements 1, 2, 3 and 4 would work as a serial multi-stage process, where all
the products go through the elements in the sequence order, they work as single-stages. And
the elements 5 and 6 would work as a parallel process, where a certain number of elements
perform at the same time, i.e. in groups or cells. As it was explained in chapter 2, this
combination of both types of multi-stage processes is possible and it is called a “Hybrid multistage” manufacturing system.
However, this solution did not seem as optimal as it could be, so it was decided to keep thinking
about other techniques that could reduce the waste of time and make some better
improvements in the production process.

4.2

One Piece Flow

Right after having studied “Line Synchronization” and having realised that it was not a really
useful option for this case, it was time to analyse the second tool that Nowa Szkoła was curious
to try: One Piece Flow. It was the moment to see how the production process would flow if,
instead of moving the pieces in batches, they would move one by one.
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4.2.1

Observations

The selected path to analyse the production process times previously taken was to calculate
the times for every element as if they had been produced one by one. This was not a very
difficult task because the times of every piece of the batch in each of the elements had been
collected, so a simple average had to be done.
All the tables with the calculations for “One Piece Flow” of every element in both observations
are attached at the end of the report, in the annexes. By way of example, the Excel table with
the calculation of the element “Sewing the main pieces” will be depicted below in Table 16:

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
number Start Stop
1
2
3

Element description

Process:
Sewing the main pieces
Category Number of
VA NVA operators

1

Checking the order

X

1 0:00:14

Setting the thread in the sewing machine
Preparing the pieces of fabric

X
X

1 0:00:27
1 0:03:21

X

X

1
1
1
1
1
1
1

X

1 0:00:23

4
5
6
7
8
9
10

Taking a side and a central part
Sewing a side part to the central part
Sewing the label
Taking the other side part
Sewing the other side part to the central part
Sewing the same but inside out
Leaving the sewed piece apart

11

Preparing the batch and taking it to inventory

X
X
X
X
X

0:00:18
0:01:26
0:00:06
0:00:07
0:01:12
0:02:07
0:00:07

Product:
Observer:
Blue soft sofa Beatriz San Miguel
Pieces of the Batch
2
3
4
5
6

0:00:30
0:01:33
0:00:04
0:00:08
0:01:05
0:02:39
0:00:11

0:00:41
0:01:17
0:00:06
0:00:12
0:01:07
0:01:51
0:00:09

0:00:29
0:01:29
0:00:08
0:00:29
0:01:08
0:02:01
0:00:06

0:00:33
0:01:30
0:00:06
0:00:09
0:01:13
0:02:06
0:00:06

0:00:24
0:01:19
0:00:07
0:00:10
0:01:06
0:01:59
0:00:05

0:00:26
0:01:24
0:00:05
0:00:07
0:01:08
0:02:19
0:00:10

TOTAL
Average per piece

Table 16. Sewing the main pieces: Production times if each piece was done one by one.
Source: Own elaboration.

The 1st two activities would take the exact same time if the pieces would move on by one in
the flow, but it would be only counted once because the sewer, in this case, would only have
to check the order and to set the thread in the sewing machine one time for the whole batch.
The activity number 3: “Preparing the pieces of fabric” consists on taking the whole batch and
separating the type of main pieces: piling 2 pieces of side fabric and one piece of top fabric
(pieces needed for one product). That is why it is not counted in the “One Piece Flow” times
because if the pieces were moved one by one from one element to the other, the operator
would not have to perform this task.
The last activity has also the exact time if the pieces would move one by one in the flow, with
the difference that the piece of sofa would have to be taken to inventory every time the sewer
had finished to sew its main pieces.
In the rest of activities, in this case from 4 to 10, all the activity times are taken for every piece,
so a simple average of these 8 pieces should be done and that is the time that, approximately,
would take one piece to do that activity if the flow was “One Piece”.
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TIME STUDY TEMPLATE
Date:
12/05/2016
Batch
8 Time

0:00:31
0:01:31
0:00:06
0:00:11
0:01:11
0:01:54
0:00:08

Rating:
100 %

Batch:
8
Average per unit if it
Extra time Extra time Standard Time
Allowances
was done one by one
allowed
allowed
(Batch)

Standard
time

The specific operary is supposed to
0:00:14 know how to do his task in every product
0:00:27
0:00:00

0:00:14

0:00:14

0:00:27
0:03:21

0:00:27
0:00:00

0:03:52
0:11:29
0:00:48
0:01:33
0:09:10
0:16:56
0:01:02

0:00:29
0:01:26
0:00:06
0:00:12
0:01:09
0:02:07
0:00:00
0:05:28
x8
0:43:48

0:03:52
0:11:29
0:00:48
0:01:33
0:09:10
0:16:56
0:01:02

0:00:29
0:01:26
0:00:06
0:00:12
0:01:09
0:02:07
0:00:00
0:05:28
x8
0:43:48

0:00:23

0:00:23
x8
0:03:04

0:00:23

0:00:23
x8
0:03:04

0:49:15
0:06:09

0:47:33
0:05:57

0:49:15
0:06:09

0:47:33
0:05:57

0:00:14
0:00:27
0:03:21

Notes

Later, to compare these “One Piece Flow” times to the Batch Production ones, it is necessary
to multiply by the number of the batch (8 in this case) those average times that are done by
the pieces every time they perform the task of that element. Ergo, the 1st two activities are not
multiplied because they are only done once for the whole batch.
Finally, all the average times are summed up to calculate the total time that it would take 8
pieces to finish all the activities of that element if they were moving in “One Piece Flow”. This
sum is represented below for the concerning example:
0:00:14 + 0:00:27 + 0:00:00 + 0:43:48 + 0:03:04 = 0:47:33
In this case the Standard Times are the same because any allowances were observed. In
fact, the 1st element “Cutting the fabric” is the only element that has different Standard Times.
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4.2.2

Comparison: One Piece Flow Vs. Batch Production

In order to compare One Piece Flow and Batch Production systems, an Excel Table was
elaborated to calculate:





The element times of the 8 pieces in Batch Production.
The element times of 1 piece of the batch of 8 in Batch Production.
The element times of the 8 pieces in One Piece Flow.
The element times of 1 piece of the batch of 8 in One Piece Flow.

Then both observations were averaged, and the most convenient (with lower times) were
selected to start thinking on a proposal with the lowest Lead Time. This Table 17 is depicted
below:

AVERAGE OF STANDARD TIMES
Blue
Orange
Batch
One Piece Flow
Batch
One Piece Flow
8
1
8
1
8
1
8
1
Cutting fabric
1) Main pieces
2) Bottom part

Batch
8

Average
One Piece Flow
1
8
1

0:14:39 0:01:50 1:21:33 0:10:12 0:14:33 0:01:49 1:19:25 0:09:56 0:14:36 0:01:49 1:20:29 0:10:04
0:07:18 0:02:45 0:48:04 0:16:12 0:06:48 0:00:51 0:44:08 0:05:31 0:07:03 0:01:48 0:46:06 0:10:51

Sewing main pieces 0:49:15 0:06:09 0:47:33 0:05:57 0:51:33 0:06:27 0:50:34 0:06:19 0:50:24 0:06:18 0:49:04 0:06:08
Dressing the cover

0:14:03 0:01:45 0:14:03 0:01:45 0:13:51 0:01:44 0:13:51 0:01:44 0:13:57 0:01:45 0:13:57 0:01:45

Binder clipping

0:19:30 0:02:26 0:19:30 0:02:26 0:19:45 0:02:28 0:19:45 0:02:28 0:19:37 0:02:27 0:19:37 0:02:27

Sewing bottom part 0:25:13 0:03:09 0:25:13 0:03:09 0:23:55 0:02:59 0:23:55 0:02:59 0:24:34 0:03:04 0:24:34 0:03:04
Packing

0:25:29 0:03:11 0:25:29 0:03:11 0:27:47 0:03:28 0:27:47 0:03:28 0:26:38 0:03:20 0:26:38 0:03:20
Table 17. Comparison of Standard Times between One Piece Flow and Batch Production.
Source: Own elaboration.

It can be observed that the element “Cutting the Fabric” is the only one that takes a lower time
to perform it in Batch Production than in One Piece Flow. This is because, as it was explained
in the previous chapter, all the pieces of the batch are cut at the same time due to the possibility
of cutting 4 pieces of fabric at the same time (one over the other one). So if this advantage it
is not used, cutting the each of the 8 pieces one by one would take much longer.
For the rest of the elements, the average times are equal, if not lower for One Piece Flow, so
the waiting times of the intermediate inventory in Batch Production (previously calculated in
Table 10) must be considered. Therefore, it is easier to prove that for the 5 last elements, One
Piece Flow is the best option because it saves a lot of time. Now it is time to calculate the Lead
Time of the Production Process with the selected production systems and to compare it to the
current situation in Nowa Szkoła.
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4.3

Proposal of Production Line

In order to illustrate the selected times and the waiting times for each element in this proposal,
an Excel Table with all the data (Table 18 below) was created:

Proposal of Organization
One
Batch
Piece
Production
Flow
Cutting fabric
1) Main pieces
2) Bottom part
Máx Waiting Time
Sewing main pieces
Máx. Waiting Time
Dressing the cover
Máx. Waiting Time
Binder clipping
Máx. Waiting Time
Sewing bottom part
Máx. Waiting Time
Packing
Máx. Waiting Time

8
0:14:36
0:07:03

X
X
X
X
X
X
X

Number Number Pieces
of
of
done in
pieces posts
one turn

Time

Time

Total
Time

1
8
8
0:00:00
0:06:08
0:00:00
0:01:45
0:00:00
0:02:27
0:02:59
0:03:04
0:03:36
0:03:20
0:03:20

1 8 in 8 turns
1 8 in 8 turns

0:21:39

1

2

2

0:06:08
0:00:00

0:00:00
0:24:32
0:00:00

1

2

2
0:06:39

0:26:36

0:02:58
0:06:08
0:03:04
0:06:40
0:03:20

0:26:36
0:24:32
0:12:16
0:26:40
0:13:20

2

1

2

2

1

2

2

1

2

Table 18. Proposal of Organization of the Production Process.
Source: Own elaboration.

The Table 18 also shows other aspects of the new proposal. Some calculations were
necessary to be done to conclude which one would be the best Production Line for this product
according to its times. A diagram representing this flow will be depicted below in Figure 27 to
help explaining the proposal of improvement.
The main goal of the work was to try to implement One Piece Flow, but one of the obligatory
conditions that must be fulfilled to apply this method is that times must be repeatable and
processes must be able to be scaled at takt time.
Therefore, it was necessary to think about a lot of combinations of the elements and its times
to finally arrive at a good solution. The process line will be the following:
1) As the element “Cutting the fabric” was the only one working in batches, it was clear
that it had to remain with its total time because the whole batch is cut at the same time.
2) After the cutter (operator A) finishes to cut the batch of 8 main pieces (0:14:36), he/she
gives 4 to each of the two sewers: operators B and C (a sewer has been added to the
process).
3) Both sewers sew at the same time the main pieces of one sofa, when they finish 1
piece each one, after 0:06:08, the two pieces are released to the next element.
4) Each of these two pieces are given to operators D and E who each of them will dress
the cover of each of the sofas.
5) After 0:01:45, both D and E together start to binder clip one of the sofas, and after
0:02:27 they will binder clip the other sofa, which will take them other 0:02:27.
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6) So 0:04:54 later, F1 and F2 are two operators that need to work at the same time to
sew the bottom part; they receive 2 sofas at once from D and E and they sew these
two sofas in 0:06:08.
7) The last element also receives 2 sofas from F1 and F2 and it takes the operator G
0:06:40 to pack both sofas.

Figure 27. Proposal of Organization.
Source: Own elaboration.

There are some aspects that must be commented to better understand the flow of the
production:






A sewer was added, but the person that used to dress the cover was eliminated of this
process. Instead, both of the binder clipping operators D and E perform this task too,
as it does not require any specialization. So at the end the number of workers result to
be the same as in the current situation.
As D and E work together, the 2 pieces that both sewers give them are not released to
the operators F1 and F2 in the 5th element until they complete the 3rd and the 4th
element for both pieces, which takes 0:06:39.
The cutter A gives 4 main pieces to each of the sewers (in total the whole batch of 8)
after 0:14:36 and, right afterwards, he/she starts sewing the batch of 8 bottom parts.
After 0:07:03, the operator A finishes to cut the 8 bottom parts and gives them directly
to the operators D and E, who had not needed them yet. This is known because D and
E start to binder clip a bottom part after the main pieces are sewed and the covers are
dresses (0:06:08 + 0:01:45 = 0:07:53). This time is lower than 0:07:03, so they get the
bottom parts to binder clip them just in time.
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It has to be proved that the time that spends the operator A cutting both main pieces
and bottom parts (the whole batch) is the same that the time that it takes to the other
operators of the other elements to finish the batch of 8 pieces. In order to do this, the
times of the other elements (orange squares in the Figure 27) must be multiplied by 4
(because they work with 2 pieces at the same time).
It is clear that the final times of the batch of 8 squared in yellow are quite similar, so it
is time to put in practice the Theory of Constraints.

It has been demonstrated that, even though the One Piece Flow is not always of one piece but
of two, this method is applicable and it has not proved yet that it is better than the current one,
but for now it seems like the times are very similar and it is a system that could work very well.

4.3.1

TOC, DBR and Takt Time

In the State of Art the Theory of Constraints (TOC), the Drum, Buffer and Rope (DBR) and the
Takt Time were three concepts explained and closely related to each other.
According to Wikipedia, “TOC is a management paradigm that views any manageable system
as being limited in achieving more of its goals by a very small number of constraints”.
In this case, the goal of the company, as it is “for profit”, it to make money; therefore, the
objective is to improve the production process of the sofa and the constraint or restriction must
be identified as the bottleneck of the process. The second and third step of the instructions
was to decide how to exploit this bottleneck and to subordinate the rest of the activities to this
limitation.
It is clear that, in this new proposal, as it was just seen that the times of the elements were
very similar, the bottleneck will be the element that spends the longest time performing its
activities to finish one piece or the whole batch. It takes 0:06:40 to the operator G to perform
the activities of the last element for 2 pieces, time that is the highest comparing to the rest. It
also takes the packer 0:26:40 to finish the whole batch, which is obviously the highest too.
Therefore, the bottleneck is the 6th element: Packing.
As it was explained in the DBR method, the Drum represents the production time dictated by
the restriction of the process. It has just been argued that the restriction is the 6 th element:
Packing. So is time (0:06:40) will guarantee that any capacity of this resource will not be lost,
because it would suppose a loss for the whole system. As the word suggests, the drum sets
the rhythm of the process so no jams are generated and the plan continues as established.
The rest of the activities must follow this rhythm that corresponds to the planned time for the
maximum exploitation of the limiting resource, so it is very important that it is not altered.
This limited time could also be seen as the “Takt Time”, the available time to produce every
unit of product of that demand. With the exception that it would not be calculated as regularly
with the available time and the customer’s demand. But the available time would be the Lead
Time, i.e. the time that spends the bottleneck in its element (the longest time of all the
elements) in completing one batch, divided by the batch number.
In this case instead of being divided by the batch number (8), it would be divided by 4 because
the pieces flow 2 by 2. So 0:26:40 (packing the whole batch time) divided by 4 is 0:06:40. It is
clear that this takt time is the same as the drum time dictated by the bottleneck (0:06:40).
To justify the waiting times in the Table 18, it can be said that there are two types of waiting
times:
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The time that one piece would have to wait if one element performs 2 pieces in a “Takt
time”: the inventory storage.

These two kinds of waiting times are added and multiplied to know the total maximum waiting
time that an element is going to wait in this Production Line.
In order to avoid the previous mentioned loss of capacity, a Buffer of time is added. This margin
is necessary because the processes may present fluctuations and this might affect the Drum
rhythm. The main goal is that the restricting process is not obliged to stop its functions. It
disconnects the limitation in respect of the uncertainties of the rest of resources so it does not
affect to it. The rest of resources work below their possibilities, so they do not need a buffer of
security.
As the bottleneck time is 0:06:40, it was thought that 20 seconds would be enough for the
buffer, resulting the Drum rhythm or takt time 7 minutes. So the Lead Time for the batch of 8
considering the buffer would be 28 min. instead of 0:26:40.
In conclusion, the proposal of improvement for this production process would be the
Organization that it was just explained and every element would perform their task as it was
explained every 7 minutes and every 28 min. for the whole batch (Table 19 and Figure 28).
The elements that are faster like “Sewing the main pieces” (due to its 2 sewers), ”Sewing the
bottom part” or even “Cutting the fabric” once all the batch is completed can operate slower or
they can just rest if they finish before that time. They can also help the organization of the
process if they have some time left, like tiding things up, helping their colleagues in some task
or placing the raw material coming from the suppliers.

Batch
Production
Cutting fabric
1) Main pieces
2) Bottom part
Máx Waiting Time
Sewing main pieces
Máx. Waiting Time
Dressing the cover
Máx. Waiting Time
Binder clipping
Máx. Waiting Time
Sewing bottom part
Máx. Waiting Time
Packing
Máx. Waiting Time

One
Piece
Flow

X
X

Proposal of Organization
Number
Number
of
of
pieces
posts

Pieces
done in
one turn

Time

8
8

1 8 in 8 turns
1 8 in 8 turns

X

1

2

2

X

1

2

2

X

2

1

2

X

2

1

2

X

2

1

2

Total
Time

28 min
0:00:00
7 min. 28 min.
0:00:00
0:00:00
7 min.

28 min.

0:02:27
7 min.
0:03:04
7 min.
0:03:20

0:09:48
28 min.
0:12:16
28 min.
0:13:20

Table 19. Proposal of Organization of the Production Process considering DBR.
Source: Own elaboration.
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Figure 28. Proposal of Organization considering DBR.
Source: Own elaboration.

Now the waiting times are supposed to be only of the type: The time that one piece would have
to wait if one element performs 2 pieces in a “Takt time”. This is because now the operator of
each element knows how much time they have to perform their tasks and, as it was said before,
the elements that are faster can operate slower or they can just rest if they finish before that
time. They can also help the organization of the process if they have some time left, like tiding
things up, helping their colleagues in some task or placing the raw material coming from the
suppliers. This is the reason why it is represented as a “Maximum Waiting Time”, because
there will be not an occasion in which this waiting time will be higher.
The VSM for this proposal would be as shown in Figure 29 below, having a substantial
difference with the Current VSM done in the last chapter: now it is represented as a One Piece
Flow system.
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Figure 29. VSM of the proposal.
Source: Own elaboration.

4.4

Comparison of the current situation and the proposal of improvement

The Current VSM is depicted in the last chapter in the Figure 26. However, now the table and
the figure of the current organization (Table 20 and Figure 30) will be represented to compare
them to the ones of the proposal of organization (Table 19 and Figure 28).
The current waiting times are supposed to be only of the type: The time that one piece would
have to wait if one piece would have to wait for the whole batch of 8 to finish the tasks of the
corresponding element (inventory storage). It is called “Minimum Waiting Time” because, as
the waiting times of the elements for their previous element to finish are unknown (due to the
intermediate stock disorganization), it is impossible to know the total waiting times.
With a quick observation, it can be seen that these Cycle Times are very different among them,
which causes a much higher Lead Time and a lot of waiting times. In fact, it was said that the
Lead Time, considering Takt Time and DBR, for the proposal of organization would be of 28
minutes. While, as it is reflected In Table 19, the Lead Time for the current organization is of
2:29:46 (the sum of the Cycle Times except for the element “Cutting the fabric of the bottom
part”, which time is not included in the total because the cutter can do it after “Cutting the main
pieces” and the batch of bottom parts would still arrive in time at the “Binder Clipping” element”.
It is obvious that 2.29:46 is much higher than 28 minutes; however, other factors such as the
number of people working in one turn or the waiting times must be considered. Therefore, it is
necessary to create a few KPIs that demonstrate these results quantitatively.
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Organization Before
One
Batch
Time
Piece
Production
Flow
Cutting fabric
8
1) Main pieces
X
0:14:36
2) Bottom part
X
0:07:03
Mín. Waiting Time
0:00:00
Sewing main pieces
X
0:50:24
Mín. Waiting Time
0:41:44
Dressing the cover
X
0:13:57
Mín. Waiting Time
0:11:42
Binder clipping
X
0:19:37
Mín. Waiting Time
0:17:27
Sewing bottom part
X
0:24:34
Mín. Waiting Time
0:18:38
Packing
X
0:26:38
Mín. Waiting Time
0:21:37
TOTAL
2:29:46

Number Number Pieces
of
of
done in
pieces posts one turn
1
8
8

1
1

8
8

8

1

8

8

1

8

8

1

8

8

1

8

8

1

8

Table 20. Current Organization of the Production Process.
Source: own elaboration.

Figure 30. Current Organization of the Production Process.
Source: Own elaboration.

4.4.1

KPIs: Elaboration and Evaluation

In order to create these Key Performance Indicators (KPI) to measure the control of productivity
of this proposal of organization, the data will be compared to the current situation.
The most important factors that it was decided that must be quantified were:
- The number of operators working per turn: number.
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- The Cycle Time of each element and the Lead Time of the production process: time
(hh:mm:ss).
- The waiting times of the intermediate inventory: time (hh:mm:ss).
First, the data was represented in a table (Table 21) and, later, this information was illustrated
in some graphics to evaluate the indicators.

Cutting Fabric

DATA FOR THE ELABORATION OF KPI
Number of operators
Cycle Time
Number of turns
Total Waiting Time
Actually Proposal Actually Proposal Actually Proposal Actually (Mín.) Proposal (Max.)
1 (A)
1 (A)
0:14:36

Sewing main pieces

1 (B)

Dressing the cover

1( C)

2 (B&C)

0:50:24

TOTAL

0:11:42
0:07:00

2 (D&E)

1

4

0:19:37

Sewing the bottom part 2 (F1&F2) 2 (F1&F2)
Packing

0:41:44

0:13:57
2 (D&E)

Binder clipping

0:07:00

1 (G)

1 (G)
8

0:24:34

0:07:00

0:26:38
0:07:00
LEAD TIME LEAD TIME
8
2:29:46
0:28:00

0:17:27

0:09:48

0:18:38

0:12:16

0:21:37
MIN.

0:13:20
MAX.

1:51:08

0:35:24

Table 21. Data for the elaboration of KPI.
Source: Own elaboration.

Figure 31. KPI: Number of operators.
Source: Own elaboration.

Beatriz San Miguel Taboadela

71

Proposal of Improvement

Figure 32. Lead Time.
Source: Own elaboration.

Figure 33. Waiting Times and Inventory Storage.
Source: Own elaboration.

These three graphics (Figures 31,32 and 33) not only represent the different indicators of both
systems, but also perfectly resume the work that has been done all along this project
comparing the current situation of the company and the proposal of improvement, which was
the initial goal.
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Hereafter, it will be argued why, after this work, it is thought that a change in the production
system is needed and that this is a good proposal of improvement to increment the productivity
of the company, to reduce its wastes and, over anything, to save a lot of time.
To correctly compare both situations, it was important that the number of operators was the
same, so this way the cost of workforce is equal from one system to the other one. If this
indicator is analysed, it can be seen that a sewer was added in the new proposal, but the two
operators that work in the element “Binder clipping” are the same that perform the element
“Dressing the cover”, so the operator of “Dressing the cover” from the current situation is
eliminated. In conclusion, both systems have the same number of operators: 8.
If the Cycle Times are compared, it is clear that in the current situation they are very different
among them, plus they are taken for one batch of 8 working in batch production and the new
proposal works by pieces, in “One Piece Flow”. Therefore, it is complicated to directly compare
them and it is so much more useful to analyse their Lead Times.
The Lead Time of each of the systems is one of the factors that clearly suggest to implement
the proposal of improvement in the company. While In the current situation it takes 2:29:46 to
produce a whole batch of 8 sofas, it takes only 28 minutes to produce 8 pieces working in this
own variation of “One Piece Flow” for the new organization, which is more than 5 times less
than using “Batch Production”.
Finally, the Waiting Times and Inventory Storage is the last indicator to analyse, one of the
most complex ones. It is complex because, currently, the company works with a poor
organization and the intermediate inventory times are not known. However, there are other
important waiting times that produce a lot of waste in Batch Production: the time that the first
pieces have to wait for the last piece of the batch to finish so they can release to the next
element. This reason is why they are called Min. Waiting Times for the current situation, so the
inventory times are probably much higher when an element is waiting for another one to finish
the batch so it can start its tasks.
On the other hand, the Waiting Times of the proposal of improvement are maximum, because
the only waiting times that must be considered are those that, in certain elements, one piece
of the two that must be released to the next element in a Takt Time has to wait for the second
one to finish.
Even considering that the Waiting Times of the current system are minimum and the proposal
ones are maximum, currently the pieces have to wait a minimum time of 1:51:08, which is
ridiculously high comparing it to the maximum of this project’s proposal: 0:35:24, more than 3
times less than in the current situation.
Finally, having analysed these three KPIs, the summary is that they have the same number of
operators, and the current situation spends more than 5 times in completing the flow of the
process and waits more than 3 times the inventory in the current situation than what it would
happen if this proposal would be implemented. So it is clear that this proposal improves the
production process and the company should seriously think about applying it.
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CONCLUSIONS

At the beginning of the project, the aim of Nowa Szkoła was to try two techniques: “Value
Stream Mapping” and “One Piece Flow” to improve their production process.
In order to try if it was possible to implement them, a study of methods and times had to be
done; as well as the calculations of other necessary times and their analysis. Then, it was seen
that a variant of “One Piece Flow” would invest much less time than the current situation.
This proposal introduced the TOC, DBR and Takt Time concepts:
- The Theory Of Constraints (TOC) affirmed that "a chain is no stronger than its weakest link."
This means that processes are vulnerable because the limiting part can always affect the
outcome.
- The Drum, Buffer, Rope (DBR) technique recognized the TOC limitation and proposed a
production planning system. This method reaches the minimum period of time between the
beginning and the end of the process and the minimum waiting time of the resources limited
by the bottleneck.
- Finally, the Takt Time is crucial to implement Lean Manufacturing in a system; it is bound to
DBR and to the Pull Production because it adjusts the rhythm of the production to the demand.
It is the available time to produce every unit of product of that demand: the available time would
be the Lead Time, i.e. the time that spends the bottleneck in its element (the longest time of
all the elements) in completing one batch, divided by the batch number.
Combining these theories with the principle of “eliminating unproductive and non-valuable
steps of the process” from Lean Manufacturing, it was much easier to reach the goal of
reducing resource wastes and to speed and balance the flow.
One of the definitions for Lean Manufacturing was the application of several techniques for the
production process’ improvement by trying to reduce the seven wastes defined by Toyota.
Some of them are analysed at the end of this study to demonstrate the results and the major
advantages of the new proposal of improvement over the current situation:


There is no Overproduction: producing a higher quantity than the required one from
the customer and to invest in equipment with more capacity than needed. This waste
was already missing in the current situation due to the PULL system “build-to-order
production”.



Less Defects: products with faults or errors are found earlier thanks to One Piece Flow
Production.



Less Waiting Time: inventory at stand-still and employees standing about, while
others may be saturated with work. The time that one element would have to wait if its
previous element is slower and finishes its task later was reduced because of the
exploitation of the bottleneck and the introduction of a Takt time.



Less Inventory Storage: the time that one piece of intermediate inventory would have
to wait for being produced while the rest of the batch is being produced was also
reduced due to One Piece Flow production.

These last wastes related to time were proved through the KPIs: The Lead Time of the
production process of the sofa resulted to be more than 5 times less than the current situation
and the Waiting Times and Inventory Storage resulted to be more than 3 times less than the
current situation.
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It is clear that much time is being wasted, time that could be used and squeezed to produce
faster and to produce more products.
This fact has a lot of consequences: if the products are produced faster, the customers receive
faster their orders and they will be much more satisfied with the company; therefore, they will
probably trust again on the organization and they will probably recommend their services; the
business would grow having more clients and being able to satisfy their demand because of
the increase of the available time to produce more products. And finally, all these advantages
will lead the company to make more money: which was defined by the TOC theory as their
main goal for being a profit business.
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FUTURE LINES

Once the conclusions have been drawn in the previous chapter, the next step is to suggest
possible actuation lines and new intervention approaches.
The proposal of improvement that has been presented as the main goal of this project only
applies to one product that had to be selected in advance.
It has been explained how and why this new production line would work much better than the
one they are currently using. However, Nowa Szkoła has many more products that flow that
same production line, so the optimum proposition for the company would be to repeat the pace
that has been followed through this work for all the different products that they produce.
Most of the products stream along the process through the same elements that the selected
product. Nowa Szkoła would have to take the times of all the products for every element, as it
was done with the soft sofa. Later, they would have to analyse the data and elaborate an
optimum production line considering the number of operators, the cycle and lead times and
the waiting times of the inventory.
These actions would help the company to have a much better vision of their products and the
times they invest on producing them, so it will be much easier to organize their production
process, not online having in mind the deadline of the order delivery.
In any case, it is clear that the most important problem that Nowa Szkoła faces at the moment
is its lack of an organization programme. So the most important proposition would be to try to
change their mind and implement a computer programme for the optimization of their
organization on the production process. It can seem as an enormous disbursement at the
beginning, but it will definitely eliminate wastes and unnecessary waiting times, it will improve
their order and organization and, therefore, it will increase their sales.
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7
7.1

TEMPORARY PLANNING AND BUDGET
Planning: Chronogram and Gantt Chart

In this section the planning of the project will be presented through a Chronogram and, later,
a Gantt Chart will be exposed to help the reader visualize the timeline.
The following Chronogram represents the durations of each of the tasks done all along this
work. It must be considered that some of these tasks may be overlapped.
ID TASK

BEGINNING

1 Proposal of improvements in the production process of a product
2 Preparation of the Project
3 Finding a supervisor in Lodz University of Technology
4 Finding a tutor in Universidad Politécnica de Madrid
5 Proposal of a project for a company
6 Proposal and acceptance of the project in Poland by the tutor in Madrid
7 Search of Documentation
8 Search of documentation of the main concepts of the project
9 Search of documentation about the company and its industry
10 Analysis of the documentation
11 Elaboration of the Project
12 Visiting the company
13 Definition of the project
14 Taking the times and videotaping the production process
15 Watching the videotape and recording the times
16 Analysis of the data
17 Working on the data and calculate the necessary times to elaborate the proposal
18 Comparing the proposal with the actual situation and verifying its improvements
19 Report Writing
20 Index
21 Introduction
22 Abbreviations, Units and Acronyms
23 Glossary
24 Bibliography
25 State of the Art
26 Analysis of the Actual Situation
27 Proposal of Improvement
28 Conclusions
29 Future Lines
30 Annexes
31 Summary
32 Review and Modifications of the report
33 Procedures
34 Registering the project on indusnet
35 Delivery of the project on indusnet
36 Printing out and Binding the report

01/03/2016
01/03/2016
01/03/2016
09/03/2016
14/03/2016
23/03/2016
28/03/2016
28/03/2016
07/05/2016
25/04/2016
06/05/2016
06/05/2016
06/05/2016
12/05/2016
14/05/2016
23/05/2016
26/05/2016
11/06/2016
19/06/2016
19/06/2016
20/06/2016
20/06/2016
20/06/2016
20/06/2016
23/06/2016
09/07/2016
12/07/2016
16/07/2016
17/07/2016
17/07/2016
18/07/2016
19/07/2016
20/07/2016
20/07/2016
21/07/2016
21/07/2016

DURATION
(days)
143
25
8
3
1
3
66
26
5
11
26
1
1
2
8
3
14
8
34
1
3
26
26
26
17
3
4
2
1
1
1
2
2
1
1
1

END
21/07/2016
25/03/2016
08/03/2016
11/03/2016
14/03/2016
25/03/2016
05/05/2016
22/04/2016
11/05/2016
05/05/2016
18/06/2016
06/05/2016
09/05/2016
13/05/2016
22/05/2016
25/05/2016
08/06/2016
18/06/2016
20/07/2016
19/06/2016
22/06/2016
15/07/2016
15/07/2016
15/07/2016
08/07/2016
11/07/2016
15/07/2016
17/07/2016
17/07/2016
17/07/2016
18/07/2016
20/07/2016
21/07/2016
20/07/2016
21/07/2016
21/07/2016

Table 22. Chronogram
Source: Own elaboration.

A Gantt Chart is a technique that lets the user modelling the planning of the tasks for the
elaboration a project and it helps the reader to understand the diagram of the progress of the
project. Each task is represented by a line and the columns represent the time (days, weeks
or months). The horizontal bars show the estimated time of each task, determining the left
edge the beginning of the task and the right edge the end of the task.
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Figure 34. Gantt Chart.
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7.2

Budget

This section will present the total cost of the project, which embodies all the needed resources
to elaborate it: the human resources and the material resources.
The human resources include the work of the student and the tutors. These costs are
calculated considering the hours spent on each of the tasks and the salary they would be paid
for it:

CONCEPT

HOURS (h) SALARY (€/h) COST (€)

Student
Study and Documetation
Analysis of the project
Development of the project
Analysis of the results and conclusions
Wrinting the report
Tutors
Tutorials

50
100
80
75
80

8
8
8
8
8

400
800
640
600
640

15

30

450

TOTAL= 3530 €
Table 23. Human Resources Budget.
Source: Own elaboration.

The material resources used in this project were the personal laptop and the Microsoft Office
license, which were calculated with an amortization of 5 years. These costs also include the
enrolment to the Final Project “Trabajo de Fin de Grado” (12 ECTS) and the printing and
binding of the report:

CONCEPT
Personal Laptop
Microsoft Office License for Students
Enrolment TFG
Printing and Binding

FEE (€)
AMORTIZATION (€)
800
160
149
29,8
330
60

COST (€)
160
29,8
330
60

TOTAL= 579,8 €
Table 24. Material Resources Costs.
Source: Own elaboration.
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The total budget of the project is calculated summing up both types of resources and applying
them the IVA (21%):

CONCEPT
Human Resources
Material Resources
SUM
IVA

COST (€)
3530
579,8
4109,8
863,058

TOTAL= 4972,86 €
Table 25. Total Budget.
Source: Own elaboration.

The total budget for this project is approximately 5000 €.
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8
8.1

ABBREVIATIONS, UNITS AND ACRONYMS
Abbreviations

Fig. : Figure
hh:mm:ss. : hours:minutes:seconds
H: hours.
Max. : Maximum
Min. : Minutes
Mín. : Minimum
Sec. : Seconds

8.2

Units

TIME:
Seconds (sec)
Minutes (min)
Hours (h)

8.3

Acronyms

CT: Cycle Time
DBR: Drum, Buffer, Rope
EU: European Union
GT: Group Technology
KPI: Key Performance Indicator
LT: Lead Time
NVA: Non Value Added
OEE: Overall Equipment Efficiency
SMED: Single Minute Exchange of Die
TIOE: Throughput, Inventory, Operating Expense
TOC: Theory of Constraints
TPS: Toyota Production System
VA: Value Added
VSM: Value Stream Mapping
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9

GLOSSARY

Activity: Each of the actions in which every element is divided.
Batch: Set of products that go together throughout the production process.
Bottleneck: it is the limiting resource in a production process that restricts the capacity of the
whole chain.
Cycle Time (C/T): time that elapses between a piece of a product starts one element and the
next piece starts the same element. Ergo, how often a product actually completes the element
process. Also, the time it takes an operator to go through all the activities in the element before
he/she repeats them for the next piece
Defect: making products with faults or errors.
Effectiveness: Doing the right things: to accomplish the goals.
Efficiency: Doing things right: the way the goals are accomplished.
Element: Each of the phases in which every production process is divided.
Flow: movement in a stream.
Flowchart: diagram that represents graphically an algorithm or process.
Group Technology: manufacturing technique in which “anything” having similarities
(geometry, process, function, time…) are grouped together to increase production efficiency.
Human factor: the qualities of the workers in an organization to achieve the goals of the
company.
Inventory: retaining stock between steps.
Key Performance Indictor: it is a measurement of the level of achievement of a process.
Layout: the physical distribution of the equipment and workforce in a production plant.
Lead Time (L/T): needed time for one piece to move all the way through the whole production
process or value stream from the beginning until the end.
Lean: technique consistent in the elimination of waste in a manufacturing system.
Line Synchronization: in a production flow system, parts are processed in batches and
released to the next element after a certain amount of time (“uniform time bucket”).
Management: the direction and organization of a business.
Manufacturing: the producing of goods by manual labour or machinery.
Movement: unnecessary motion of workers or machines due to a wrong lay-out of the plant.
One Piece Flow: technique where a unique unit passes through one element to the next
one. It can be said that it is the ideal method because it generates zero waiting time.
Over-processing: doing more work on a product than necessary.
Overproduction: producing a higher quantity than the required one from the customer and to
invest in equipment with more capacity than needed.
Process: a series of elements acting to produce goods.
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Product: a good or service that has been produced or offered in a market to satisfy the
needs of the customers.
Product family: it is a group of products that have similar characteristics and are grouped
together for some specific goal.
Production planning: schedule of production and manufacturing modules in a company.
Productivity: average that measures the efficiency of production.
Step: a movement in a series of phases in a production process.
Stock: finished goods waiting for being sold.
Stream: continuous movement.
Takt time: average time between the start of production of one unit and the start of
production of the next unit, when these production starts are set to match the rate of
customer demand.
Time Study: it records the time and the rhythms of working in the different measurable parts,
which are timed separately.
Transportation: unnecessary material movement.
Uniform time bucket: in line synchronization, a certain amount of time after which parts
processed in batches are released to the next element.
Value Stream Mapping: tool of diagnosis for the implementation of Lean Manufacturing
which its basic purpose is to create value by reducing resources.
Waiting time: inventory at stand-still and employees standing about, while others may be
saturated with work.
Work Measurement: application of several tools to determine the time that it takes to a
qualified worker to carry out a previously defined task.
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11.1 ANNEX 1: Time Study Tables of the Current Situation (Batch Production)
11.1.1 1st observation: Blue Sofa
TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
number Start Stop

Element description

Process:
Product:
Cutting the fabric
Blue soft sofa
Category Number of Pieces of the Batch
VA NVA operators
1
2
3

Checking the order

1

1

X

2
3
4
5
6
7
8
9
10
11
12
13
14

MAIN PIECES
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the 3 parts of the fabric
Leaving the ruler and taking the side form mold
Measuring the forms
Leaving the side form mold
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine

15

Cutting the fabric borders and dividing the long fabric into three parts

16

Separating the central parts and preparing for cutting the side forms

17
18
19
TOTAL MAIN PIECES
TOTAL 1st part

Cutting the side forms
Disconnecting the cutting machine and tidying everything up
Preparing the batch and taking it to inventory

20
21
22
23
24
25
26
27
28
29

BOTTOM PART
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the bottom part
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine

30
31
32

Cutting the bottom parts
Disconnecting the cutting machine and tidying everything up
Preparing the batch and taking it to inventory

X
X
X
X
X
X
X
X
X
X
X
X
X
X

0:00:25
1
1
1
1
1
2
1
1
1
1
2
2
1

0:00:11
0:00:07
0:00:07
0:00:08
0:01:08
0:00:23
0:00:08
0:01:29
0:00:10
0:00:25
0:00:05 0:00:18 0:00:12
0:00:06
0:01:35

1
X

0:02:05
1 0:00:51

X
X

1 0:00:37 0:00:39 0:00:43
1 0:00:56
1 0:00:31

X

X
X

X
X

1
1
1
1
1
1
1
2
2
1

X
X

1 0:01:41
1 0:00:47
1 0:00:31

X
X
X
X
X
X

X

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:17 0:00:11 0:00:07
0:00:05
0:00:50

TOTAL BOTTOM PART
*This step is made only once for the whole batch
*This step is only required to do it 4 times

Table 26. (1) Cutting the fabric.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Observer:
Beatriz San Miguel
Pieces of the Batch
4
5
6

Date:
Rating:
Batch:
12/05/2016
100 %
8
Batch
Extra time Standard Time
Allowances
7
8 Time
allowed
(Batch)

*
The specific operary is supposed to
0:00:25 know how to do his task in every product

0:00:25

0:00:14

0:00:11
0:00:07
0:00:07
0:00:08
0:01:08
0:00:23
0:00:08
0:01:29
0:00:10
0:00:25
0:00:49
0:00:06
0:01:35
Relaxing

0:00:21

0:00:09
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Notes

0:02:05
0:00:51

0:00:25

0:02:20 Relaxing
0:00:56
0:00:31
0:13:29
0:13:54

0:00:20

0:00:45

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:44
0:00:05
0:00:50

0:01:41
0:00:47
0:00:31

0:00:20

0:06:58

0:00:20

0:00:11 *
0:00:07 *
0:00:07 *
0:00:08 *
0:01:08 *
0:00:23 *
0:00:08 *
0:01:29 *
0:00:10 *
0:00:25 *
0:00:49 **
0:00:06 *
0:01:35 *
**
5 seconds of relaxing his hand
0:02:30 after every border cut (5x5 and 4x5)
0:00:51 *
**
5 seconds of relaxing his hand
0:02:40 after every form cut (4x5 and 2x5)
0:00:56 *
0:00:31 *
0:14:14
0:14:39

0:00:13 *
0:00:06 *
0:00:07 *
0:00:07 *
0:00:39 *
0:00:52 *
0:00:16 *
0:00:44 **
0:00:05 *
0:00:50 *
*
5 seconds of relaxing his hand
0:02:01 after every border cut (4x5 and 4x5)
0:00:47 *
0:00:31 *
0:07:18
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TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
number Start Stop
1
2
3

Process:
Sewing the main pieces
Category Number of
VA NVA operators

Element description

1

Checking the order

X

1 0:00:14

Setting the thread in the sewing machine
Preparing the pieces of fabric

X
X

1 0:00:27
1 0:03:21

X

X

1
1
1
1
1
1
1

X

1 0:00:23

4
5
6
7
8
9
10

Taking a side and a central part
Sewing a side part to the central part
Sewing the label
Taking the other side part
Sewing the other side part to the central part
Sewing the same but inside out
Leaving the sewed piece apart

11

Preparing the batch and taking it to inventory

X
X
X
X
X

0:00:18
0:01:26
0:00:06
0:00:07
0:01:12
0:02:07
0:00:07

Product:
Observer:
Blue soft sofa Beatriz San Miguel
Pieces of the Batch
2
3
4
5
6

0:00:30
0:01:33
0:00:04
0:00:08
0:01:05
0:02:39
0:00:11

0:00:41
0:01:17
0:00:06
0:00:12
0:01:07
0:01:51
0:00:09

0:00:29
0:01:29
0:00:08
0:00:29
0:01:08
0:02:01
0:00:06

0:00:33
0:01:30
0:00:06
0:00:09
0:01:13
0:02:06
0:00:06

0:00:24
0:01:19
0:00:07
0:00:10
0:01:06
0:01:59
0:00:05

0:00:26
0:01:24
0:00:05
0:00:07
0:01:08
0:02:19
0:00:10

TOTAL
*This step is made only once for the whole batch

Table 27. (1) Sewing the main pieces.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process:
Product:
Process study
Sewing
Dressing the cover
Blue soft sofa
Time
Category Number of
Element
Element description
number Start Stop
VA NVA operators
1
2
1
Taking the foam
X
1 0:00:01 0:00:37
2
Taking the cover
X
1 0:00:09 0:00:04
3
Dressing the foam
X
1 0:01:44 0:01:01
4
Taking the sofas to inventory
X
1 0:00:22 0:00:14

Observer:
Beatriz San Miguel
Pieces of the Batch
3
4
5
6
0:00:05 0:00:29 0:00:04 0:00:33
0:00:05 0:00:06 0:00:06 0:00:05
0:00:58 0:01:17 0:01:06 0:01:00
0:00:10 0:00:11 0:00:09 0:00:09

7
0:00:04
0:00:07
0:01:12
0:00:10

8
0:00:24
0:00:05
0:01:08
0:00:08

TOTAL

Table 28. (1) Dressing the cover.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Sewing
Time
Element
Element description
number Start Stop
1
Preparing the sofa
2
Taking the fabric and the clips
3
Binder clipping
4
Taking the sofa to inventory
Process study

Process:
Product:
Binder clipping
Blue soft sofa
Category Number of
VA NVA operators
1
2
X
1 0:00:11 0:00:09
X
1 0:00:04 0:00:02
X
2 0:01:43 0:02:12
X
2 0:00:08 0:00:07

Observer:
Beatriz San Miguel
Pieces of the Batch
3
4
5
6
0:00:12 0:00:13 0:00:08 0:00:10
0:00:03 0:00:03 0:00:03 0:00:02
0:02:13 0:02:26 0:02:07 0:01:48
0:00:07 0:00:06 0:00:09 0:00:07

7
0:00:09
0:00:04
0:02:04
0:00:06

8
0:00:11
0:00:03
0:02:12
0:00:08

TOTAL

Table 29. (1) Binder clipping.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Date:
Rating:
Batch:
12/05/2016
100 %
8
Batch
Extra time
Allowances
Standard Time
8 Time
allowed

0:00:27
0:03:21

* The specific operary is supposed to
0:00:14 know how to do his task in every product
0:00:27 *
0:03:21 *

0:03:52
0:11:29
0:00:48
0:01:33
0:09:10
0:16:56
0:01:02

0:03:52
0:11:29
0:00:48
0:01:33
0:09:10
0:16:56
0:01:02

0:00:23

0:00:23 *

0:49:15

0:49:15

0:00:14

0:00:31
0:01:31
0:00:06
0:00:11
0:01:11
0:01:54
0:00:08

Notes

TIME STUDY TEMPLATE
Date:
Rating:
12/05/2016
100 %
Batch
Extra time
Allowances
Time
allowed
0:02:17
0:00:47
0:09:26
0:01:33

Batch:
8
Standard
Time
0:02:17
0:00:47
0:09:26
0:01:33

0:14:03

Notes

0:14:03

TIME STUDY SHEET
Date:
Rating:
12/05/2016
100 %
Batch
Extra time
Allowances
Time
allowed
0:01:23
0:00:24
0:16:45
0:00:58
0:19:30
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Batch:
8
Standard
Time
0:01:23
0:00:24
0:16:45
0:00:58

Notes

0:19:30
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TIME STUDY TEMPLATE
Department:
Process:
Product:
Observer:
Process study
Sewing
Sewing the bottom Blue soft sofa
Beatriz San Miguel
Time
Category Number of
Element
Pieces of the Batch
Element description
number Start Stop
VA NVA operators
1
2
3
4
5
6
7
1
Preparing the sewing machine
X
1 0:00:56
Waiting time because they need the one before the last one to sustain the last one (average time of clipping) 0:02:26
2
3
4

Taking the sofa
Sewing the bottom part
Taking the sofa to inventory

X
X
X

1 0:00:04 0:00:05 0:00:04 0:00:03 0:00:04 0:00:05 0:00:04
2 0:02:13 0:02:11 0:02:19 0:02:22 0:02:14 0:02:12 0:02:15
1 0:00:22 0:00:26 0:00:19 0:00:34 0:00:25 0:00:29 0:00:22

TOTAL
*This step is made for the whole batch at the same time

Table 30. (1) Sewing the bottom part.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Cleaning the sofa
2
Cutting the plastic
3
Wraping the sofa
4
Taking the sofa to inventory
5
6

Labeling the batch
Wraping the whole batch

Process:
Product:
Observer:
Packing
Blue soft sofa
Beatriz San Miguel
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
X
1 0:00:05 0:00:04 0:00:03 0:00:04 0:00:04 0:00:03
X
1 0:00:04 0:00:04 0:00:03 0:00:02 0:00:04 0:00:04
X
1 0:02:29 0:02:31 0:02:48 0:01:57 0:02:15 0:02:03
X
1 0:00:18 0:00:19 0:00:18 0:00:17 0:00:20 0:00:18
X
X

Date:
12/05/2016
Batch
7
8 Time
0:00:05 0:00:04 0:00:32
0:00:05 0:00:04 0:00:30
0:02:54 0:02:46 0:19:43
0:00:17 0:00:19 0:02:26

1 0:00:17
1 0:02:01

0:00:17
0:02:01

TOTAL

0:25:29

Table 31. (1) Packing.
Source: Own elaboration.
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TIME STUDY SHEET
Date:
Rating:
12/05/2016
100 %
Batch
Allowances
8 Time
0:00:56
0:02:26

Extra time
allowed

Batch:
8
Standard
Notes
Time
0:00:56 *
0:02:26 *

0:00:06 0:00:35
0:02:07 0:17:53
0:00:26 0:03:23

0:00:35
0:17:53
0:03:23

0:25:13

0:25:13

TIME STUDY SHEET
Rating:
100 %

Batch:
8
Extra time Standard
Allowances
allowed
Time
0:00:32
0:00:30
0:19:43
0:02:26

Notes

0:00:17
0:02:01
0:25:29
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11.1.2 2nd observation: Orange Sofa
TIME STUDY SHEET
Department:
Sewing
Time
Element
number Start Stop
Process study

Element description

Process:
Product:
Cutting the fabric
Orange soft sofa
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3

Checking the order

1

1

X

2
3
4
5
6
7
8
9
10
11
12
13
14

MAIN PIECES
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the 3 parts of the fabric
Leaving the ruler and taking the side form mold
Measuring the forms
Leaving the side form mold
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine

15

Cutting the fabric borders and dividing the long fabric into three parts

16

Separating the central parts and preparing for cutting the side forms

17
Cutting the side forms
18
Disconnecting the cutting machine and tidying everything up
19
Preparing the batch and taking it to inventory
TOTAL MAIN PIECES
TOTAL 1st part

20
21
22
23
24
25
26
27
28
29

BOTTOM PART
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the bottom part
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine

30
31
32

Cutting the bottom part
Disconnecting the cutting machine and tidying everything up
Preparing the batch and taking it to inventory

0:00:17

X
X

1
1
1
1
1
2
1
1
1
1
2
2
1

X
X
X
X
X
X
X
X
X
X
X
X

0:00:09
0:00:06
0:00:06
0:00:07
0:00:45
0:00:54
0:00:05
0:01:26
0:00:12
0:00:17
0:00:18 0:00:17 0:00:14
0:00:04
0:01:22

1
X

0:02:06
1 0:01:03

X
X

1 0:00:42 0:00:54 0:00:46
1 0:00:30
0:00:28

X

X
X

X
X

1 0:00:09
1 0:00:05
1 0:00:07
1 0:00:06
1 0:00:43
1 0:00:41
2 0:00:09
2 0:00:14 0:00:09 0:00:13
1 0:00:04
1 0:00:39

X
X

1 0:01:28
1 0:00:53
1 0:00:37

X
X
X
X
X
X

X

TOTAL BOTTOM PART

Table 32. (2) Cutting the fabric.
Source: Own elaboration.
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TIME STUDY SHEET
Observer:
Date:
Beatriz San Miguel
13/05/2016
Pieces of the Batch
Batch
4
5
6
7
8
Time

Rating:
100 %

Batch:
8
Extra time Standard Time
Allowances
allowed

*
The specific operary is supposed to know how to do
0:00:17 his task in every product

0:00:17

0:00:15

0:00:25

0:00:11

0:00:09
0:00:06
0:00:06
0:00:07
0:00:45
0:00:54
0:00:05
0:01:26
0:00:12
0:00:17
0:01:04
0:00:04
0:01:22

0:02:06 Relaxing
0:01:03

0:00:25

0:02:47 Relaxing
0:00:30
0:00:28
0:13:31
0:13:48

0:00:20

0:00:09
0:00:05
0:00:07
0:00:06
0:00:43
0:00:41
0:00:09
0:00:47
0:00:04
0:00:39

0:01:28
0:00:53
0:00:37
0:06:28
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Notes

0:00:20

0:00:09 *
0:00:06 *
0:00:06 *
0:00:07 *
0:00:45 *
0:00:54 *
0:00:05 *
0:01:26 *
0:00:12 *
0:00:17 *
0:01:04 **
0:00:04 *
0:01:22 *
**
5 seconds of relaxing his hand after every border cut
0:02:31 (5x5 and 4x5)
0:01:03 *
**
5 seconds of relaxing his hand after every form cut
0:03:07 (4x5 and 2x5)
0:00:30 *
0:00:28 *
0:14:16
0:14:33

0:00:09 *
0:00:05 *
0:00:07 *
0:00:06 *
0:00:43 *
0:00:41 *
0:00:09 *
0:00:47 **
0:00:04 *
0:00:39 *
*
5 seconds of relaxing his hand after every border cut
0:01:48 (4x5 and 4x5)
0:00:53 *
0:00:37 *
0:06:48
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TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
number Start Stop

Process:
Product:
Observer:
Sewing the main pieces Orange soft sofa
Beatriz San Miguel
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5

Element description

Checking the order

X

1 0:00:09

1
2
3

Setting the thread in the sewing machine
Preparing the pieces of fabric

X
X

1 0:00:24
1 0:00:49

4
5
6
7
8
9
10

Taking a side and a central part
Sewing a side part to the central part
Sewing the label
Taking the other side part
Sewing the other side part to the central part
Sewing the same but inside out
Leaving the sewed piece apart

X

X

1
1
1
1
1
1
1

11

Preparing the batch and taking it to inventory

X

1 0:00:19

X
X
X
X
X

0:00:32
0:01:45
0:00:09
0:00:09
0:01:10
0:01:58
0:00:09

0:00:30
0:01:14
0:00:07
0:00:08
0:01:25
0:01:54
0:00:17

0:00:35
0:01:20
0:00:07
0:00:13
0:01:25
0:02:02
0:00:23

0:00:29
0:01:20
0:00:06
0:00:13
0:01:18
0:02:05
0:00:17

0:00:33
0:02:31
0:00:08
0:00:12
0:01:17
0:02:03
0:00:08

0:00:12
0:01:15
0:00:07
0:00:12
0:01:25
0:02:43
0:00:19

TOTAL

Table 33. (2) Sewing the main pieces.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Taking the foam
2
Taking the cover
3
Dressing the foam
4
Taking the sofa to inventory

Process:
Product:
Observer:
Dressing the cover
Orange soft sofa
Beatriz San Miguel
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
X
1 0:00:02 0:00:21 0:00:43 0:00:04 0:00:30 0:00:21
X
1 0:00:05 0:00:03 0:00:05 0:00:06 0:00:05 0:00:09
X
1 0:01:48 0:00:54 0:01:04 0:01:09 0:01:11 0:01:00
X
1 0:00:19 0:00:09 0:00:12 0:00:08 0:00:07 0:00:06

Date:
13/05/2016
Batch
7
8 Time
0:00:03 0:00:22 0:02:26
0:00:06 0:00:08 0:00:47
0:01:15 0:01:01 0:09:22
0:00:08 0:00:07 0:01:16

TOTAL

0:13:51

Table 34. (2) Dressing the cover.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Preparing the sofa
2
Taking the fabric for the bottom part
3
Binder clipping
4
Taking the sofa to inventory

Process:
Product:
Observer:
Binder clipping
Orange soft sofa
Beatriz San Miguel
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
X
1 0:00:12 0:00:09 0:00:14 0:00:08 0:00:11 0:00:12
X
1 0:00:04 0:00:04 0:00:03 0:00:04 0:00:05 0:00:03
X
2 0:01:46 0:02:28 0:02:13 0:01:51 0:02:05 0:02:10
X
2 0:00:12 0:00:08 0:00:09 0:00:09 0:00:07 0:00:08

7
0:00:09
0:00:04
0:01:47
0:00:10

8
0:00:11
0:00:03
0:02:19
0:00:07

TOTAL

Table 35. (2) Binder clipping.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Date:
13/05/2016
7

Rating:
100 %
8

Batch:
8
Extra time Standard
Allowances
allowed
Time

Batch
Time

0:00:24
0:00:49

*
The specific operary is supposed to
0:00:09 know how to do his task in every product
0:00:24 *
0:00:49 *

0:04:11
0:12:33
0:00:59
0:01:37
0:10:59
0:17:10
0:02:23

0:04:11
0:12:33
0:00:59
0:01:37
0:10:59
0:17:10
0:02:23

0:00:19

0:00:19 *

0:00:09

0:00:47
0:01:50
0:00:06
0:00:14
0:01:23
0:02:07
0:00:20

0:00:33
0:01:18
0:00:09
0:00:16
0:01:36
0:02:18
0:00:30

Notes

0:51:33

TIME STUDY TEMPLATE
Rating:
100 %

Batch:
8
Extra time Standard
Allowances
allowed
Time
0:02:26
0:00:47
0:09:22
0:01:16

Notes

0:13:51

TIME STUDY TEMPLATE
Date:
Rating:
Batch:
13/05/2016
100 %
8
Batch
Extra time Standard
Allowances
Notes
Time
allowed
Time
0:01:26
0:01:26
0:00:30
0:00:30
0:16:39
0:16:39
0:01:10
0:01:10
0:19:45
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TIME STUDY TEMPLATE
Department:
Process:
Product:
Observer:
Process study
Sewing
Sewing the bottom Orange soft sofa
Beatriz San Miguel
Time
Category Number of
Element
Pieces of the Batch
Element description
number Start Stop
VA NVA operators
1
2
3
4
5
6
7
1
Preparing the sewing machine
X
1 0:01:02
Waiting time because they need the one before the last one to sustain the last one (average time of clipping) 0:02:26
2
3
4

Taking the sofa
Sewing the bottom part
Taking the sofa to inventory

X
X
X

1 0:00:04 0:00:04 0:00:05 0:00:03 0:00:04 0:00:04 0:00:06
2 0:02:15 0:02:02 0:02:13 0:02:05 0:02:05 0:01:57 0:02:24
1 0:00:04 0:00:22 0:00:25 0:00:21 0:00:21 0:00:25 0:00:25

TOTAL

Table 36. (2) Sewing the bottom part.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Cleaning the sofa
2
Cutting the plastic
3
Wraping the sofa
4
Taking the sofa to inventory
5
6

Labeling the batch
Wraping the whole batch

Process:
Product:
Observer:
Packing
Orange soft sofa
Beatriz San Miguel
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
X
1 0:00:04 0:00:05 0:00:05 0:00:03 0:00:04 0:00:04
X
1 0:00:03 0:00:02 0:00:04 0:00:04 0:00:03 0:00:04
X
1 0:01:54 0:02:00 0:02:32 0:03:01 0:02:44 0:02:58
X
1 0:00:16 0:00:18 0:01:48 0:00:21 0:00:17 0:00:19
X
X

7
0:00:03
0:00:03
0:02:30
0:00:23

8
0:00:05
0:00:04
0:02:35
0:00:20

1 0:00:14
1 0:02:17

TOTAL

Table 37. (2) Packing.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Date:
13/05/2016
8

0:00:05
0:02:03
0:00:25

Rating:
100 %
Batch
Allowances
Time
0:01:02
0:02:26

Batch:
8
Standard
Notes
Time
0:01:02 *
0:02:26 *

Extra time
allowed

0:00:35
0:17:04
0:02:48

0:00:35
0:17:04
0:02:48

0:23:55

0:23:55

TIME STUDY TEMPLATE
Date:
Rating:
13/05/2016
100 %
Batch
Extra time
Allowances
Time
allowed
0:00:33
0:00:27
0:20:14
0:04:02

Batch:
8
Standard
Time
0:00:33
0:00:27
0:20:14
0:04:02

0:00:14
0:02:17

0:00:14 *
0:02:17 *

0:27:47

0:27:47
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11.1.3 Average of Standard Times

AVERAGE AND PERCENTAGES OF STANDARD TIMES
Blue
Orange Average Percentage
Cutting fabric
1) Main pieces
0:14:39 0:14:33 0:14:36
9,75%
2) Bottom part
0:07:18 0:06:48 0:07:03
Sewing main pieces

0:49:15

0:51:33

0:50:24

33,65%

Dressing the cover

0:14:03

0:13:51

0:13:57

9,31%

Binder clipping

0:19:30

0:19:45

0:19:37

13,10%

Sewing bottom part

0:25:13

0:23:55

0:24:34

16,40%

Packing

0:25:29

0:27:47

0:26:38

17,78%

2:29:46

100,00%

TOTAL

Table 38. Standard Times: Average and Percentages.
Source: Own elaboration.
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11.2 ANNEX 2: Waiting Times for Batch Production Tables
11.2.1 1st observation: Blue Sofa

Table 39. Waiting Times (1): Sewing the main pieces.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process:
Product:
Observer:
Date:
Process study
Sewing
Dressing the cover
Blue soft sofa Beatriz San Miguel
12/05/2016
Time
Category Number of
Element
Pieces of the Batch
Element description
number Start Stop
VA NVA operators
1
2
3
4
5
6
7
1
Taking the foam
X
1 0:00:01 0:00:37 0:00:05 0:00:29 0:00:04 0:00:33 0:00:04
2
Taking the cover
X
1 0:00:09 0:00:04 0:00:05 0:00:06 0:00:06 0:00:05 0:00:07
3
Dressing the foam
X
1 0:01:44 0:01:01 0:00:58 0:01:17 0:01:06 0:01:00 0:01:12
4
Taking the sofas to inventory
X
1 0:00:22 0:00:14 0:00:10 0:00:11 0:00:09 0:00:09 0:00:10

Total time to calculate the waiting time for intermediate stock in Batch P.
Waiting time for Batch Production

Rating:
100 %
8
0:00:24
0:00:05
0:01:08
0:00:08

0:02:16 0:01:56 0:01:18 0:02:03 0:01:25 0:01:47 0:01:33 0:01:45
0:11:47 0:09:51 0:08:33 0:06:30 0:05:05 0:03:18 0:01:45 0:00:00

Table 40. Waiting Times (1): Dressing the cover.
Source: Own elaboration.

104

Escuela Técnica Superior de Ingenieros Industriales (UPM)

“Proposal of improvements in the production process of a product of a furniture company”
TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Preparing the sofa
2
Taking the fabric and the clips
3
Binder clipping
4
Taking the sofa to inventory

Process:
Product:
Observer:
Date:
Rating:
Binder clipping
Blue soft sofa Beatriz San Miguel
12/05/2016
100 %
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
7
8
X
1 0:00:11 0:00:09 0:00:12 0:00:13 0:00:08 0:00:10 0:00:09 0:00:11
X
1 0:00:04 0:00:02 0:00:03 0:00:03 0:00:03 0:00:02 0:00:04 0:00:03
X
2 0:01:43 0:02:12 0:02:13 0:02:26 0:02:07 0:01:48 0:02:04 0:02:12
X
2 0:00:08 0:00:07 0:00:07 0:00:06 0:00:09 0:00:07 0:00:06 0:00:08

Total time to calculate the waiting time for intermediate stock in Batch Prod.
Waiting time for Batch Production

0:02:06 0:02:30 0:02:35 0:02:48 0:02:27 0:02:07 0:02:23 0:02:34
0:17:24 0:14:54 0:12:19 0:09:31 0:07:04 0:04:57 0:02:34 0:00:00

Table 41. Waiting Times (1): Binder Clipping.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process:
Product:
Observer:
Date:
Rating:
Sewing
Sewing the bottom Blue soft sofa Beatriz San Miguel
12/05/2016
100 %
Time
Category Number of
Pieces of the Batch
Element description
Start Stop
VA NVA operators
1
2
3
4
5
6
7
8
Preparing the sewing machine
X
1 0:00:56
Waiting time because they need the one before the last one to sustain the last one (average time of clipping) 0:02:26

Process study
Element
number
1

2
3
4

Taking the sofa
Sewing the bottom part
Taking the sofa to inventory

X
X
X

Total time to calculate the waiting time for intermediate stock in Batch Prod.
Waiting time for Batch Production

1 0:00:04 0:00:05 0:00:04 0:00:03 0:00:04 0:00:05 0:00:04 0:00:06
2 0:02:13 0:02:11 0:02:19 0:02:22 0:02:14 0:02:12 0:02:15 0:02:07
1 0:00:22 0:00:26 0:00:19 0:00:34 0:00:25 0:00:29 0:00:22 0:00:26
0:02:39 0:02:42 0:02:42 0:02:59 0:02:43 0:02:46 0:02:41 0:02:39
0:19:12 0:16:30 0:13:48 0:10:49 0:08:06 0:05:20 0:02:39 0:00:00

Table 42. Waiting Times (1): Sewing the bottom part.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Cleaning the sofa
2
Cutting the plastic
3
Wraping the sofa
4
Taking the sofa to inventory

Process:
Packing
Category
VA NVA
X
X
X
X

Product:
Observer:
Date:
Rating: Batch:
Blue soft sofa
Beatriz San Miguel
12/05/2016
100 % 8
Number of
Pieces of the Batch
operators
1
2
3
4
5
6
7
8
1 0:00:05 0:00:04 0:00:03 0:00:04 0:00:04 0:00:03 0:00:05 0:00:04
1 0:00:04 0:00:04 0:00:03 0:00:02 0:00:04 0:00:04 0:00:05 0:00:04
1 0:02:29 0:02:31 0:02:48 0:01:57 0:02:15 0:02:03 0:02:54 0:02:46
1 0:00:18 0:00:19 0:00:18 0:00:17 0:00:20 0:00:18 0:00:17 0:00:19

Total time to calculate the waiting time for intermediate stock in Batch 0:02:56 0:02:58 0:03:12 0:02:20 0:02:43 0:02:28 0:03:21 0:03:13
Waiting time for Batch Production
0:20:15 0:17:17 0:14:05 0:11:45 0:09:02 0:06:34 0:03:13 0:00:00

Table 43. Waiting Times (1): Packing.
Source: Own elaboration.
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11.2.2 2nd observation: Orange Sofa
TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
number Start Stop
1
2
3
4
5
6
7
8
9
10

Process:
Product:
Sewing the main
Orange soft sofa
Category Number of
VA NVA operators
1
2

Element description

Checking the order

X

1 0:00:09

Setting the thread in the sewing machine
Preparing the pieces of fabric

X
X

1 0:00:24
1 0:00:49

X

1
1
1
1
1
1
1

Taking a side and a central part
Sewing a side part to the central part
Sewing the label
Taking the other side part
Sewing the other side part to the central part
Sewing the same but inside out
Leaving the sewed piece apart

X
X
X
X
X
X

Total time to calculate the waiting time for intermediate stock in Batch Production
Waiting time for Batch Production
11

Preparing the batch and taking it to inventory

X

0:00:32
0:01:45
0:00:09
0:00:09
0:01:10
0:01:58
0:00:09

0:00:30
0:01:14
0:00:07
0:00:08
0:01:25
0:01:54
0:00:17

Observer:
Beatriz San Miguel
Pieces of the Batch
3
4
5

0:00:35
0:01:20
0:00:07
0:00:13
0:01:25
0:02:02
0:00:23

0:00:29
0:01:20
0:00:06
0:00:13
0:01:18
0:02:05
0:00:17

0:00:33
0:02:31
0:00:08
0:00:12
0:01:17
0:02:03
0:00:08

Date:
13/05/2016
6

7

8

0:00:12
0:01:15
0:00:07
0:00:12
0:01:25
0:02:43
0:00:19

0:00:47
0:01:50
0:00:06
0:00:14
0:01:23
0:02:07
0:00:20

0:00:33
0:01:18
0:00:09
0:00:16
0:01:36
0:02:18
0:00:30

0:05:52 0:05:35 0:06:05 0:05:48 0:06:52 0:06:13 0:06:47 0:06:40
0:44:00 0:38:25 0:32:20 0:26:32 0:19:40 0:13:27 0:06:40 0:00:00
1 0:00:19

Table 44. Waiting Times (2): Sewing the main pieces.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Taking the foam
2
Taking the cover
3
Dressing the foam
4
Taking the sofa to inventory

Process:
Product:
Observer:
Date:
Rating:
Dressing the cover
Orange soft sofa Beatriz San Miguel
13/05/2016
100 %
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
7
8
X
1 0:00:02 0:00:21 0:00:43 0:00:04 0:00:30 0:00:21 0:00:03 0:00:22
X
1 0:00:05 0:00:03 0:00:05 0:00:06 0:00:05 0:00:09 0:00:06 0:00:08
X
1 0:01:48 0:00:54 0:01:04 0:01:09 0:01:11 0:01:00 0:01:15 0:01:01
X
1 0:00:19 0:00:09 0:00:12 0:00:08 0:00:07 0:00:06 0:00:08 0:00:07

Total time to calculate the waiting time for intermediate stock in Batch P. 0:02:14 0:01:27 0:02:04 0:01:27 0:01:53 0:01:36 0:01:32 0:01:38
Waiting time for Batch Production
0:11:37 0:10:10 0:08:06 0:06:39 0:04:46 0:03:10 0:01:38 0:00:00

Table 45. Waiting Times (2): Dressing the cover.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Preparing the sofa
2
Taking the fabric for the bottom part
3
Binder clipping
4
Taking the sofa to inventory

Process:
Product:
Observer:
Date:
Binder clipping
Orange soft sofa
Beatriz San Miguel
13/05/2016
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
7
8
X
1 0:00:12 0:00:09 0:00:14 0:00:08 0:00:11 0:00:12 0:00:09 0:00:11
X
1 0:00:04 0:00:04 0:00:03 0:00:04 0:00:05 0:00:03 0:00:04 0:00:03
X
2 0:01:46 0:02:28 0:02:13 0:01:51 0:02:05 0:02:10 0:01:47 0:02:19
X
2 0:00:12 0:00:08 0:00:09 0:00:09 0:00:07 0:00:08 0:00:10 0:00:07

Total time to calculate the waiting time for intermediate stock in Batch Prod.
Waiting time for Batch Production

0:02:14 0:02:49 0:02:39 0:02:12 0:02:28 0:02:33 0:02:10 0:02:40
0:17:31 0:14:42 0:12:03 0:09:51 0:07:23 0:04:50 0:02:40 0:00:00

Table 46. Waiting Times (2): Binder clipping.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process:
Product:
Observer:
Date:
Sewing
Sewing the bottom Orange soft sofa
Beatriz San Miguel
13/05/2016
Time
Category Number of
Element
Pieces of the Batch
Element description
number Start Stop
VA NVA operators
1
2
3
4
5
6
7
1
Preparing the sewing machine
X
1 0:01:02
Waiting time because they need the one before the last one to sustain the last one (average time of clipping) 0:02:26
Process study

2
3
4

Taking the sofa
Sewing the bottom part
Taking the sofa to inventory

X

8

1 0:00:04 0:00:04 0:00:05 0:00:03 0:00:04 0:00:04 0:00:06 0:00:05
2 0:02:15 0:02:02 0:02:13 0:02:05 0:02:05 0:01:57 0:02:24 0:02:03
1 0:00:04 0:00:22 0:00:25 0:00:21 0:00:21 0:00:25 0:00:25 0:00:25

X
X

Total time to calculate the waiting time for intermediate stock in Batch Prod.
Waiting time for Batch Production

0:02:23 0:02:28 0:02:43 0:02:29 0:02:30 0:02:26 0:02:55 0:02:33
0:18:04 0:15:36 0:12:53 0:10:24 0:07:54 0:05:28 0:02:33 0:00:00

Table 47. Waiting Times (2): Sewing the bottom part.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Cleaning the sofa
2
Cutting the plastic
3
Wraping the sofa
4
Taking the sofa to inventory

Process:
Product:
Observer:
Date:
Packing
Orange soft sofa
Beatriz San Miguel
13/05/2016
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
7
8
X
1 0:00:04 0:00:05 0:00:05 0:00:03 0:00:04 0:00:04 0:00:03 0:00:05
X
1 0:00:03 0:00:02 0:00:04 0:00:04 0:00:03 0:00:04 0:00:03 0:00:04
X
1 0:01:54 0:02:00 0:02:32 0:03:01 0:02:44 0:02:58 0:02:30 0:02:35
X
1 0:00:16 0:00:18 0:01:48 0:00:21 0:00:17 0:00:19 0:00:23 0:00:20

Total time to calculate the waiting time for intermediate stock in Batch
Waiting time for Batch Production
5
6

Labeling the batch
Wraping the whole batch

X
X

0:02:17 0:02:25 0:04:29 0:03:29 0:03:08 0:03:25 0:02:59 0:03:04
0:22:59 0:20:34 0:16:05 0:12:36 0:09:28 0:06:03 0:03:04 0:00:00
1 0:00:14
1 0:02:17

Table 48. Waiting Times (2): Packing.
Source: Own elaboration.
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11.2.3 Average

1
2
3
4
5
6
7
8

Intermediate Inventory Waiting Times in Batch Production
Cutting
Sewing the main pieces
Dressing the cover
Binder clipping
Sewing the bottom part
Packing
the
fabric Blue
Orange Average Blue
Orange Average Blue
Orange Average Blue
Orange Average Blue
Orange Average
0:00:00 0:39:27 0:44:00 0:41:44 0:11:47 0:11:37 0:11:42 0:17:24 0:17:31 0:17:27 0:19:12 0:18:04 0:18:38 0:20:15 0:22:59 0:21:37
0:00:00 0:33:17 0:38:25 0:35:51 0:09:51 0:10:10 0:10:00 0:14:54 0:14:42 0:14:48 0:16:30 0:15:36 0:16:03 0:17:17 0:20:34 0:18:56
0:00:00 0:27:54 0:32:20 0:30:07 0:08:33 0:08:06 0:08:20 0:12:19 0:12:03 0:12:11 0:13:48 0:12:53 0:13:20 0:14:15 0:16:05 0:15:10
0:00:00 0:22:04 0:26:32 0:24:18 0:06:30 0:06:39 0:06:35 0:09:31 0:09:51 0:09:41 0:10:49 0:10:24 0:10:37 0:11:45 0:12:36 0:12:11
0:00:00 0:16:21 0:19:40 0:18:00 0:05:05 0:04:46 0:04:55 0:07:04 0:07:23 0:07:14 0:08:06 0:07:54 0:08:00 0:09:02 0:09:28 0:09:15
0:00:00 0:11:11 0:13:27 0:12:19 0:03:18 0:03:10 0:03:14 0:04:57 0:04:50 0:04:54 0:05:20 0:05:28 0:05:24 0:06:34 0:06:03 0:06:18
0:00:00 0:05:32 0:06:40 0:06:06 0:01:45 0:01:38 0:01:42 0:02:34 0:02:40 0:02:37 0:02:39 0:02:33 0:02:36 0:03:13 0:03:04 0:03:09
0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00 0:00:00

TOTAL
1:51:08
1:35:38
1:19:08
1:03:21
0:47:25
0:32:09
0:16:09
0:00:00

Table 49. Waiting Times: Average.
Source: Own elaboration.
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11.3 ANNEX 3: Time Study Tables of the Proposal (One Piece Flow)
11.3.1 1st observation: Blue Sofa
TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
number
Start Stop
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
TOTAL MAIN PIECES

Process:
Product:
Cutting the fabric
Blue soft sofa
Category
Pieces of the Batch
Number of
operators
VA NVA
1
2
3

Element description

Checking the order

X

MAIN PIECES
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the 3 parts of the fabric
Leaving the ruler and taking the side form mold
Measuring the forms
Leaving the side form mold
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine
Cutting the fabric borders and dividing the long fabric into three parts
Separating the central parts and preparing for cutting the side forms
Cutting the side forms
Disconnecting the cutting machine and tidying everything up
Preparing the batch and taking it to inventory

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

1

0:00:25

1
1
1
1
1
2
1
1
1
1
2
2
1
1
1
1
1
1

0:00:11
0:00:07
0:00:07
0:00:08
0:01:08
0:00:23
0:00:08
0:01:29
0:00:10
0:00:25
0:00:05 0:00:18 0:00:12
0:00:06
0:01:35
0:02:05
0:00:51
0:00:37 0:00:39 0:00:43
0:00:56
0:00:31

1
1
1
1
1
1
1
2
2
1
1
1
1

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:17 0:00:11 0:00:07
0:00:05
0:00:50
0:01:41
0:00:47
0:00:31

TOTAL 1st part
Average per piece

20
21
22
23
24
25
26
27
28
29
30
31
32

BOTTOM PART
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the bottom part
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine
Cutting the bottom parts
Disconnecting the cutting machine and tidying everything up
Preparing the batch and taking it to inventory

X
X
X
X
X
X
X
X
X
X
X
X
X

TOTAL BOTTOM PART

Average per piece

Table 50. One Piece Flow (1): Cutting the fabric.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Observer:
Beatriz San Miguel
Pieces of the Batch
4

0:00:14

0:00:21

5

6

Date:
12/05/2016

7

Batch
8 Time

Average per unit
if it was done
one by one

Allowances

Extra time
Extra time Standard Time Standard Time
allowed (Batch) allowed (One)
(Batch)
(One)

0:00:25

0:00:25

0:00:25

0:00:11
0:00:07
0:00:07
0:00:08
0:01:08
0:00:23
0:00:08
0:01:29
0:00:10
0:00:25
0:00:49
0:00:06
0:01:35
0:02:05
0:00:51
0:02:20
0:00:56
0:00:31
0:13:29

0:00:11
0:00:07
0:00:07
0:00:08
0:01:08
0:00:23
0:00:08
0:01:29
0:00:10
0:00:25
0:00:49
0:00:06
0:01:35
0:02:30
0:00:51
0:02:40
0:00:56
0:00:31
0:14:14

0:01:44

0:00:11
0:00:07
0:00:07
0:00:08
0:00:45
0:00:15
0:00:08
0:00:45
0:00:10
0:00:25
0:00:05
0:00:06
0:01:35
0:01:23 Relaxing
0:00:51
0:01:10 Relaxing
0:00:56
0:00:31
0:09:39
x8
1:17:08
0:10:04
1:17:33
0:09:42

0:01:50

0:00:11
0:00:07
0:00:07
0:00:08
0:00:45
0:00:15
0:00:08
0:00:45
0:00:10
0:00:25
0:00:05
0:00:06
0:01:35
0:01:43
0:00:51
0:01:20
0:00:56
0:00:31
0:10:09
x8
1:21:08
0:10:34
1:21:33
0:10:12

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:44
0:00:05
0:00:50
0:01:41
0:00:47
0:00:31

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:17
0:00:05
0:00:50
0:00:51
0:00:47
0:00:31

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:44
0:00:05
0:00:50
0:02:01
0:00:47
0:00:31

0:00:13
0:00:06
0:00:07
0:00:07
0:00:39
0:00:52
0:00:16
0:00:17
0:00:05
0:00:50
0:01:11
0:00:47
0:00:31

0:06:58

0:05:41
x8
0:45:24
0:05:41

0:07:18

0:06:00
x8
0:48:04
0:06:00

0:00:52
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Batch:
8

0:00:25

0:13:54

0:00:09

Rating:
100 %

0:00:25

0:00:20

0:00:20

0:00:10

0:14:39

0:00:20

0:00:20

0:00:55
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TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
number
Start Stop
1
2
3

Process: Product:
Sewing Blue soft sofa
Category
Number of
operators
VA NVA

Element description

Observer:
Beatriz San Miguel
Pieces of the Batch
1

Checking the order

X

1 0:00:14

Setting the thread in the sewing machine
Preparing the pieces of fabric

X
X

1 0:00:27
1 0:03:21

X

X

1
1
1
1
1
1
1

X

1 0:00:23

4
5
6
7
8
9
10

Taking a side and a central part
Sewing a side part to the central part
Sewing the label
Taking the other side part
Sewing the other side part to the central part
Sewing the same but inside out
Leaving the sewed piece apart

11

Preparing the batch and taking it to inventory

X
X
X
X
X

0:00:18
0:01:26
0:00:06
0:00:07
0:01:12
0:02:07
0:00:07

Date:
12/05/2016

2

3

4

5

6

7

0:00:30
0:01:33
0:00:04
0:00:08
0:01:05
0:02:39
0:00:11

0:00:41
0:01:17
0:00:06
0:00:12
0:01:07
0:01:51
0:00:09

0:00:29
0:01:29
0:00:08
0:00:29
0:01:08
0:02:01
0:00:06

0:00:33
0:01:30
0:00:06
0:00:09
0:01:13
0:02:06
0:00:06

0:00:24
0:01:19
0:00:07
0:00:10
0:01:06
0:01:59
0:00:05

0:00:26
0:01:24
0:00:05
0:00:07
0:01:08
0:02:19
0:00:10

TOTAL
Average per piece

Table 51. One Piece Flow (1): Sewing the main pieces.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process:
Product:
Process study
Sewing
Dressing the cover
Blue soft sofa
Time
Category Number of
Element
Element description
number Start Stop
VA NVA operators
1
2
1
Taking the foam
X
1 0:00:01 0:00:37
2
Taking the cover
X
1 0:00:09 0:00:04
3
Dressing the foam
X
1 0:01:44 0:01:01
4
Taking the sofas to inventory
X
1 0:00:22 0:00:14

Observer:
Beatriz San Miguel
Pieces of the Batch
3
4
5
6
0:00:05 0:00:29 0:00:04 0:00:33
0:00:05 0:00:06 0:00:06 0:00:05
0:00:58 0:01:17 0:01:06 0:01:00
0:00:10 0:00:11 0:00:09 0:00:09

7
0:00:04
0:00:07
0:01:12
0:00:10

8
0:00:24
0:00:05
0:01:08
0:00:08

TOTAL
Average per piece

Table 52. One Piece Flow (1): Dressing the cover.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Rating:
100 %

Batch:
8

Batch
8 Time

0:00:31
0:01:31
0:00:06
0:00:11
0:01:11
0:01:54
0:00:08

Average per unit
if it was done
one by one

Allowances

Extra time Extra time Standard
allowed
allowed
Time
(Batch)
(One)
(Batch)

Standard
time
(One)

* The specific operary is supposed to
0:00:14 know how to do his task in every product
0:00:27 *
0:00:00 *

0:00:14

0:00:14

0:00:27
0:03:21

0:00:27
0:00:00

0:03:52
0:11:29
0:00:48
0:01:33
0:09:10
0:16:56
0:01:02

0:00:29
0:01:26
0:00:06
0:00:12
0:01:09
0:02:07
0:00:00
0:05:28
x8
0:43:48

0:03:52
0:11:29
0:00:48
0:01:33
0:09:10
0:16:56
0:01:02

0:00:29
0:01:26
0:00:06
0:00:12
0:01:09
0:02:07
0:00:00
0:05:28
x8
0:43:48

0:00:23

0:00:23
x8
0:03:04

0:00:23

0:00:23 *
x8
0:03:04

0:49:15
0:06:09

0:47:33
0:05:57

0:49:15
0:06:09

0:47:33
0:05:57

0:00:14
0:00:27
0:03:21

Notes

TIME STUDY TEMPLATE
Date:
12/05/2016
Batch
Time
0:02:17
0:00:47
0:09:26
0:01:33

Batch:
8
Average per unit if it
Extra time
Extra time Standard Time Standard time
Allowances
was done one by one
allowed (Batch) allowed (One)
(Batch)
(One)
0:00:17
0:02:17
0:00:17
0:00:06
0:00:47
0:00:06
0:01:11
0:09:26
0:01:11
0:00:12
0:01:33
0:00:12
0:01:45
0:01:45
x8
0:14:03
x8
0:14:03

0:14:03
0:01:45
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Rating:
100 %

0:14:03
0:01:45

0:14:03
0:01:45

Notes

0:14:03
0:01:45
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TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Preparing the sofa
2
Taking the fabric and the clips
3
Binder clipping
4
Taking the sofa to inventory

Process:
Product:
Binder clipping
Blue soft sofa
Category Number of
VA NVA operators
1
2
X
1 0:00:11 0:00:09
X
1 0:00:04 0:00:02
X
2 0:01:43 0:02:12
X
2 0:00:08 0:00:07

Observer:
Beatriz San Miguel
Pieces of the Batch
3
4
5
6
0:00:12 0:00:13 0:00:08 0:00:10
0:00:03 0:00:03 0:00:03 0:00:02
0:02:13 0:02:26 0:02:07 0:01:48
0:00:07 0:00:06 0:00:09 0:00:07

7
0:00:09
0:00:04
0:02:04
0:00:06

8
0:00:11
0:00:03
0:02:12
0:00:08

TOTAL
Average per piece

Table 53. One Piece Flow (1): Binder clipping.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process:
Product:
Observer:
Process study
Sewing
Sewing the bottom Blue soft sofa
Beatriz San Miguel
Time
Category Number of
Element
Pieces of the Batch
Element description
number Start Stop
VA NVA operators
1
2
3
4
5
6
7
1
Preparing the sewing machine
X
1 0:00:56
Waiting time because they need the one before the last one to sustain the last one (average time of clipping) 0:02:26
2
3
4

Taking the sofa
Sewing the bottom part
Taking the sofa to inventory

X

1 0:00:04 0:00:05 0:00:04 0:00:03 0:00:04 0:00:05 0:00:04
2 0:02:13 0:02:11 0:02:19 0:02:22 0:02:14 0:02:12 0:02:15
1 0:00:22 0:00:26 0:00:19 0:00:34 0:00:25 0:00:29 0:00:22

X
X

TOTAL
Average per piece

Table 54. One Piece Flow (1): Sewing the bottom part.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Sewing
Time
Element
Element description
number Start Stop
1
Cleaning the sofa
2
Cutting the plastic
3
Wraping the sofa
4
Taking the sofa to inventory
Process study

Process:
Product:
Observer:
Packing
Blue soft sofa
Beatriz San Miguel
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
X
1 0:00:05 0:00:04 0:00:03 0:00:04 0:00:04 0:00:03
X
1 0:00:04 0:00:04 0:00:03 0:00:02 0:00:04 0:00:04
X
1 0:02:29 0:02:31 0:02:48 0:01:57 0:02:15 0:02:03
X
1 0:00:18 0:00:19 0:00:18 0:00:17 0:00:20 0:00:18

Date:
12/05/2016
Batch
7
8 Time
0:00:05 0:00:04 0:00:32
0:00:05 0:00:04 0:00:30
0:02:54 0:02:46 0:19:43
0:00:17 0:00:19 0:02:26
x8

5
6

Labeling the batch
Wraping the whole batch

TOTAL
Average per piece

X
X

1 0:00:17
1 0:02:01

0:00:17
0:02:01
0:25:29
0:03:11

Table 55. One Piece Flow (1): Packing.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Date:
12/05/2016
Batch
Time
0:01:23
0:00:24
0:16:45
0:00:58

Rating:
100 %

Batch:
8
Average per unit if it
Extra time
Extra time Standard Time
Allowances
was done one by one
allowed (Batch) allowed
(Batch)
0:00:10
0:01:23
0:00:03
0:00:24
0:02:06
0:16:45
0:00:07
0:00:58
0:02:26
x8
0:19:30
x8

0:19:30
0:02:26

0:19:30
0:02:26

Standard
Time
0:00:10
0:00:03
0:02:06
0:00:07
0:02:26
0:19:30

0:19:30
0:02:26

Notes

0:19:30
0:02:26

TIME STUDY TEMPLATE
Rating:
100 %

Batch:
8
Average per unit if it
Extra time
Extra time Standard Time Standard time
Allowances
was done one by one
allowed (Batch) allowed (One)
(Batch)
(One)
0:00:04
0:00:32
0:00:04
0:00:04
0:00:30
0:00:04
0:02:28
0:19:43
0:02:28
0:00:18
0:02:26
0:00:18
0:02:54
0:02:54
0:23:11
x8
0:23:11

Notes

0:00:17
0:02:01

0:00:17
0:02:01

0:00:17 *
0:02:01 *

0:25:29
0:03:11

0:25:29
0:03:11

0:25:29
0:03:11

TIME STUDY TEMPLATE
Date:
Rating:
Batch:
12/05/2016
100 %
8
Batch Average per unit if it
Extra time
Extra time Standard Time Standard time
Allowances
Notes
8 Time was done one by one
allowed (Batch) allowed (One)
(Batch)
(One)
0:00:56
0:00:56
0:00:56
0:00:56 *
0:02:26
0:02:26
0:02:26
0:02:26 *
0:00:06 0:00:35
0:02:07 0:17:53
0:00:26 0:03:23
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0:00:35
0:17:53
0:03:23

x8

0:00:04
0:02:14
0:00:25
0:02:44
0:21:51

x8

0:00:04
0:02:14
0:00:25
0:02:44
0:21:51

0:25:13
0:03:09

0:25:13
0:03:09

0:25:13
0:03:09

0:25:13
0:03:09
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11.3.2 2nd observation: Orange Sofa
TIME STUDY TEMPLATE
Department:
Sewing
Time
Element
number Start Stop

Process:
Product:
Cutting the fabric
Orange soft sofa
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3

Process study

1

Element description

Checking the order

X

2
3
4
5
6
7
8
9
10
11
12
13
14

MAIN PIECES
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the 3 parts of the fabric
Leaving the ruler and taking the side form mold
Measuring the forms
Leaving the side form mold
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine

15

Cutting the fabric borders and dividing the long fabric into three parts

16

Separating the central parts and preparing for cutting the side forms

X
X
X
X
X
X
X
X
X
X
X
X
X

17
Cutting the side forms
18
Disconnecting the cutting machine and tidying everything up
19
Preparing the batch and taking it to inventory
TOTAL MAIN PIECES

X

1
1
1
1
1
1
2
1
1
1
1
2
2
1

0:00:17
0:00:09
0:00:06
0:00:06
0:00:07
0:00:45
0:00:54
0:00:05
0:01:26
0:00:12
0:00:17
0:00:18 0:00:17 0:00:14
0:00:04
0:01:22

1
X

0:02:06
1 0:01:03

X
X

1 0:00:42 0:00:54 0:00:46
1 0:00:30
0:00:28

X

TOTAL 1st part
Average per piece

20
21
22
23
24
25
26
27
28
29
30
31
32

BOTTOM PART
Extending the fabric
Taking the set square
Measuring the edge
Leaving the set square and taking the ruler
Measuring the fabric borders
Measuring the bottom part
Placing the supporters
Cutting the pieces of long fabric required
Rolling back the fabric
Preparing the pieces of fabric and the cutting machine
Cutting the bottom part
Disconnecting the cutting machine and tidying everything up
Preparing the batch and taking it to inventory

X
X
X
X
X
X
X
X
X
X
X
X
X

1 0:00:09
1 0:00:05
1 0:00:07
1 0:00:06
1 0:00:43
1 0:00:41
2 0:00:09
2 0:00:14 0:00:09 0:00:13
1 0:00:04
1 0:00:39
1 0:01:28
1 0:00:53
1 0:00:37

TOTAL BOTTOM PART

Average per piece

Table 56. One Piece Flow (2): Cutting the fabric.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Observer:
Date:
Beatriz San Miguel
13/05/2016
Pieces of the Batch
Batch
4
5
6
7
8
Time

0:00:15

0:00:25

0:00:11

Batch:
8
Average per unit if it
Extra time
Extra time Standard Time Standard time
Allowances
was done one by one
allowed (Batch) allowed (One)
(Batch)
(One)

0:00:17

0:00:17

0:00:17

0:00:17

0:00:09
0:00:06
0:00:06
0:00:07
0:00:45
0:00:54
0:00:05
0:01:26
0:00:12
0:00:17
0:01:04
0:00:04
0:01:22

0:00:09
0:00:06
0:00:06
0:00:07
0:00:30
0:00:36
0:00:05
0:00:43
0:00:12
0:00:17
0:00:18
0:00:04
0:01:22

0:00:09
0:00:06
0:00:06
0:00:07
0:00:45
0:00:54
0:00:05
0:01:26
0:00:12
0:00:17
0:01:04
0:00:04
0:01:22

0:00:09
0:00:06
0:00:06
0:00:07
0:00:30
0:00:36
0:00:05
0:00:43
0:00:12
0:00:17
0:00:18
0:00:04
0:01:22

0:02:06
0:01:03

0:01:24
0:01:03

0:02:31
0:01:03

0:01:44
0:01:03

0:03:07
0:00:30
0:00:28
0:14:16
x8
0:14:33
0:01:49

0:01:34
0:00:30
0:00:28
0:09:53
1:19:08
0:10:11
1:19:25
0:09:56

0:00:09
0:00:05
0:00:07
0:00:06
0:00:43
0:00:41
0:00:09
0:00:47
0:00:04
0:00:39
0:01:48
0:00:53
0:00:37

0:00:09
0:00:05
0:00:07
0:00:06
0:00:43
0:00:41
0:00:09
0:00:14
0:00:04
0:00:39
0:01:04
0:00:53
0:00:37

0:06:48

0:05:31
x8
0:44:08
0:05:31

0:02:47
0:00:30
0:00:28
0:13:31
x8
0:13:48

Relaxing

0:01:44

0:01:23 Relaxing
0:00:30
0:00:28
0:09:23
1:15:08
0:09:41
1:15:25
0:09:26

0:00:09
0:00:05
0:00:07
0:00:06
0:00:43
0:00:41
0:00:09
0:00:47
0:00:04
0:00:39
0:01:28
0:00:53
0:00:37

0:00:09
0:00:05
0:00:07
0:00:06
0:00:43
0:00:41
0:00:09
0:00:14
0:00:04
0:00:39
0:00:44
0:00:53
0:00:37

0:06:28

0:05:11
x8
0:41:28
0:05:11

0:00:49
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Rating:
100 %

0:00:25

0:00:20

0:00:20

0:00:20

0:00:10

0:00:20

0:00:51

Escuela Técnica Superior de Ingenieros Industriales (UPM)

“Proposal of improvements in the production process of a product of a furniture company”
TIME STUDY TEMPLATE
Process study
Element
number

Start

1
2
3

Department:
Sewing
Time
Stop

Process:
Product:
Sewing the main
Orange soft sofa
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4

Element description
Checking the order

X

1 0:00:09

Setting the thread in the sewing machine
Preparing the pieces of fabric

X
X

1 0:00:24
1 0:00:49

X

X

1
1
1
1
1
1
1

X

1 0:00:19

4
5
6
7
8
9
10

Taking a side and a central part
Sewing a side part to the central part
Sewing the label
Taking the other side part
Sewing the other side part to the central part
Sewing the same but inside out
Leaving the sewed piece apart

11

Preparing the batch and taking it to inventory

X
X
X
X
X

0:00:32
0:01:45
0:00:09
0:00:09
0:01:10
0:01:58
0:00:09

0:00:30
0:01:14
0:00:07
0:00:08
0:01:25
0:01:54
0:00:17

0:00:35
0:01:20
0:00:07
0:00:13
0:01:25
0:02:02
0:00:23

0:00:29
0:01:20
0:00:06
0:00:13
0:01:18
0:02:05
0:00:17

5

0:00:33
0:02:31
0:00:08
0:00:12
0:01:17
0:02:03
0:00:08

TOTAL
Average per piece

Table 57. One Piece Flow (2): Sewing the main pieces.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Taking the foam
2
Taking the cover
3
Dressing the foam
4
Taking the sofa to inventory

Process:
Product:
Dressing the cover
Orange soft sofa
Category Number of
VA NVA operators
1
2
X
1 0:00:02 0:00:21
X
1 0:00:05 0:00:03
X
1 0:01:48 0:00:54
X
1 0:00:19 0:00:09

Observer:
Beatriz San Miguel
Pieces of the Batch
3
4
5
6
0:00:43 0:00:04 0:00:30 0:00:21
0:00:05 0:00:06 0:00:05 0:00:09
0:01:04 0:01:09 0:01:11 0:01:00
0:00:12 0:00:08 0:00:07 0:00:06

Date:
13/05/2016
Batch
7
8 Time
0:00:03 0:00:22 0:02:26
0:00:06 0:00:08 0:00:47
0:01:15 0:01:01 0:09:22
0:00:08 0:00:07 0:01:16
x8

TOTAL
Average per piece

0:13:51
0:01:44

Table 58. One Piece Flow (2): Dressing the cover.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Observer:
Beatriz San Miguel
6

0:00:12
0:01:15
0:00:07
0:00:12
0:01:25
0:02:43
0:00:19

7

0:00:47
0:01:50
0:00:06
0:00:14
0:01:23
0:02:07
0:00:20

Date:
13/05/2016
8

0:00:33
0:01:18
0:00:09
0:00:16
0:01:36
0:02:18
0:00:30

Batch
Time

Rating:
Batch:
100 %
8
Average per unit if it
Extra time
Extra time Standard Time Standard time
Allowances
was done one by one
allowed (Batch) allowed (One)
(Batch)
(One)

0:00:09

0:00:09

0:00:24
0:00:49

0:00:24
0:00:00

0:04:11
0:12:33
0:00:59
0:01:37
0:10:59
0:17:10
0:02:23

0:00:31
0:01:34
0:00:07
0:00:12
0:01:22
0:02:09
0:00:00
0:05:56
x8
0:47:29

0:04:11
0:12:33
0:00:59
0:01:37
0:10:59
0:17:10
0:02:23

0:00:31
0:01:34
0:00:07
0:00:12
0:01:22
0:02:09
0:00:00
0:05:56
x8
0:47:29

0:00:19

0:00:19
x8
0:02:32

0:00:19

0:00:19 *
x8
0:02:32

0:51:33
0:06:27

0:50:34
0:06:19

0:51:33
0:06:27

0:50:34
0:06:19

0:00:09
0:00:24
0:00:49

Notes

*
0:00:09
0:00:24 *
0:00:00 *

TIME STUDY TEMPLATE
Rating:
100 %
Average per unit if it
was done one by one

0:00:18
0:00:06
0:01:10
0:00:10
0:01:44
0:13:51
0:13:51
0:01:44
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Batch:
8
Extra time
Extra time Standard Time Standard time
Allowances
allowed (Batch) allowed (One)
(Batch)
(One)
0:02:26
0:00:18
0:00:47
0:00:06
0:09:22
0:01:10
0:01:16
0:00:10
0:01:44
x8
0:13:51
0:13:51
0:01:44

Notes

0:13:51
0:01:44

Escuela Técnica Superior de Ingenieros Industriales (UPM)

“Proposal of improvements in the production process of a product of a furniture company”
TIME STUDY TEMPLATE
Department:
Process study
Sewing
Time
Element
Element description
number Start Stop
1
Preparing the sofa
2
Taking the fabric for the bottom part
3
Binder clipping
4
Taking the sofa to inventory

Process:
Product:
Observer:
Binder clipping
Orange soft sofa
Beatriz San Miguel
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
X
1 0:00:12 0:00:09 0:00:14 0:00:08 0:00:11 0:00:12
X
1 0:00:04 0:00:04 0:00:03 0:00:04 0:00:05 0:00:03
X
2 0:01:46 0:02:28 0:02:13 0:01:51 0:02:05 0:02:10
X
2 0:00:12 0:00:08 0:00:09 0:00:09 0:00:07 0:00:08

7
0:00:09
0:00:04
0:01:47
0:00:10

8
0:00:11
0:00:03
0:02:19
0:00:07

TOTAL
Average per piece

Table 59. One Piece Flow (2): Binder clipping.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Process:
Product:
Observer:
Process study
Sewing
Sewing the bottom Orange soft sofa
Beatriz San Miguel
Time
Category Number of
Element
Pieces of the Batch
Element description
number Start Stop
VA NVA operators
1
2
3
4
5
6
7
1
Preparing the sewing machine
X
1 0:01:02
Waiting time because they need the one before the last one to sustain the last one (average time of clipping) 0:02:26
2
3
4

Taking the sofa
Sewing the bottom part
Taking the sofa to inventory

X
X
X

1 0:00:04 0:00:04 0:00:05 0:00:03 0:00:04 0:00:04 0:00:06
2 0:02:15 0:02:02 0:02:13 0:02:05 0:02:05 0:01:57 0:02:24
1 0:00:04 0:00:22 0:00:25 0:00:21 0:00:21 0:00:25 0:00:25

TOTAL
Average per piece

Table 60. One Piece Flow (2): Sewing the bottom part.
Source: Own elaboration.

TIME STUDY TEMPLATE
Department:
Sewing
Time
Element description
Start Stop
Cleaning the sofa
Cutting the plastic
Wraping the sofa
Taking the sofa to inventory

Process study
Element
number
1
2
3
4

5
6

Labeling the batch
Wraping the whole batch

Process:
Product:
Observer:
Packing
Orange soft sofa
Beatriz San Miguel
Category Number of
Pieces of the Batch
VA NVA operators
1
2
3
4
5
6
X
1 0:00:04 0:00:05 0:00:05 0:00:03 0:00:04 0:00:04
X
1 0:00:03 0:00:02 0:00:04 0:00:04 0:00:03 0:00:04
X
1 0:01:54 0:02:00 0:02:32 0:03:01 0:02:44 0:02:58
X
1 0:00:16 0:00:18 0:01:48 0:00:21 0:00:17 0:00:19

X
X

7
0:00:03
0:00:03
0:02:30
0:00:23

8
0:00:05
0:00:04
0:02:35
0:00:20

1 0:00:14
1 0:02:17

TOTAL
Average per piece

Table 61. One Piece Flow (2): Packing.
Source: Own elaboration.
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TIME STUDY TEMPLATE
Date:
13/05/2016
Batch
Time
0:01:26
0:00:30
0:16:39
0:01:10

Average per unit if it
was done one by one

x8

0:00:11
0:00:04
0:02:05
0:00:09
0:02:28
0:19:45

0:19:45
0:02:28

0:19:45
0:02:28

Rating:
Batch:
100 %
8
Extra time
Extra time Standard Time Standard time
Allowances
allowed (Batch) allowed (One)
(Batch)
(One)
0:01:26
0:00:11
0:00:30
0:00:04
0:16:39
0:02:05
0:01:10
0:00:09
0:02:28
x8
0:19:45
0:19:45
0:02:28

Notes

0:19:45
0:02:28

TIME STUDY TEMPLATE
Date:
13/05/2016
8

0:00:05
0:02:03
0:00:25

Rating:
100 %

Batch:
8
Batch
Average per unit if it
Extra time
Extra time
Standard Time Standard time
Allowances
Notes
was done one by one
Time
allowed (Batch) allowed (One)
(Batch)
(One)
0:01:02
0:01:02
0:01:02
0:01:02 *
0:02:26
0:02:26
0:02:26
0:02:26 *
0:00:35
0:17:04
0:02:48

0:00:35
0:17:04
0:02:48

x8

0:00:04
0:02:08
0:00:21
0:02:33
0:20:27

x8

0:00:04
0:02:08
0:00:21
0:02:33
0:20:27

0:23:55
0:02:59

0:23:55
0:02:59

0:23:55
0:02:59

0:23:55
0:02:59

TIME STUDY TEMPLATE
Date:
Rating:
Batch:
13/05/2016
100 %
8
Batch Average per unit if it
Extra time
Extra time
Standard Time Standard time
Allowances
Time was done one by one
allowed (Batch) allowed (One)
(Batch)
(One)
0:00:33
0:00:04
0:00:33
0:00:04
0:00:27
0:00:03
0:00:27
0:00:03
0:20:14
0:02:32
0:20:14
0:02:32
0:04:02
0:00:30
0:04:02
0:00:30
0:03:10
0:03:10
x8
0:25:16
x8
0:25:16
0:00:14
0:02:17

0:00:14
0:02:17

0:00:14
0:02:17

0:00:14 *
0:02:17 *

0:27:47
0:03:28

0:27:47
0:03:28

0:27:47
0:03:28

0:27:47
0:03:28
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11.3.3 Average
AVERAGE OF STANDARD TIMES
Blue
Orange
Batch
One Piece Flow
Batch
One Piece Flow
8
1
8
1
8
1
8
1
Cutting fabric
1) Main pieces
2) Bottom part

Batch
8

Average
One Piece Flow
1
8
1

0:14:39 0:01:50 1:21:33 0:10:12 0:14:33 0:01:49 1:19:25 0:09:56 0:14:36 0:01:49 1:20:29 0:10:04
0:07:18 0:02:45 0:48:04 0:16:12 0:06:48 0:00:51 0:44:08 0:05:31 0:07:03 0:01:48 0:46:06 0:10:51

Sewing main pieces 0:49:15 0:06:09 0:47:33 0:05:57 0:51:33 0:06:27 0:50:34 0:06:19 0:50:24 0:06:18 0:49:04 0:06:08
Dressing the cover

0:14:03 0:01:45 0:14:03 0:01:45 0:13:51 0:01:44 0:13:51 0:01:44 0:13:57 0:01:45 0:13:57 0:01:45

Binder clipping

0:19:30 0:02:26 0:19:30 0:02:26 0:19:45 0:02:28 0:19:45 0:02:28 0:19:37 0:02:27 0:19:37 0:02:27

Sewing bottom part 0:25:13 0:03:09 0:25:13 0:03:09 0:23:55 0:02:59 0:23:55 0:02:59 0:24:34 0:03:04 0:24:34 0:03:04
Packing

0:25:29 0:03:11 0:25:29 0:03:11 0:27:47 0:03:28 0:27:47 0:03:28 0:26:38 0:03:20 0:26:38 0:03:20
Table 62. Average of Standard Times: Batch Production and One Piece Flow.
Source: Own elaboration.

Beatriz San Miguel Taboadela

121

